223 4096 -1- CHUNKY PLANAR DATA PACKI NG APPARATUS AND METHOD FI ELD OF THE

| NVENTI ON 5 : This invention relates to-the field of sem conductor.,
menories; in particular, to the packing of video data in tw
BACKGROUND OF THE | NVENTI ON 10 Vi deo random access m

have recently found widespread use in m croprocessor-based conputers
providing video graphics signals. ThesthRAl\/B are commnl y incorporated

into a video car s coupled to t central roceSS| uni t_ ( CPU)
“which is locate 'ﬁg Mgogﬁd’%f PAGKING RATUSh i METHQPd i s
US Patent No. 4, 884, , lIssue '

described In 15

entitled Video Apparatus Enploying VRAME", which is assigned to the

assi gnee of the BAEAIENOF] THEINVENTION bi t- mapped graphi cs. appl [ cat i ons,

each atom c position in the graphical display is called a "pixer", and each
e 20, address. Pixel data can be any Iength rangi ng

pi xel itself has a u u

fromone to &y fini E@‘%}WP"JF a&???th?ﬁ@'%&Pmﬁwgb%@mﬁsﬁﬂt mapped
graphics is ref Wé |caI CRT display is
a 640 x 400 pi Xe?érgﬁlgpt@ﬁmr%&gﬂ@?ogéﬁ& an ’ e pl xdﬁ'f‘;“éei ng represented as

~1-bit, and a color plxel as a plurality of bits. According to this nethod
t he i ndi vi dual Iocatrons 25 are referenced by their VRAM position

in the addressi ngoSg= 34 ntlonally pl ugged i nto one of
a plurality of board sl ot's Iocat ed Wlthl n the computer's cabinet. These

slots are usypl I'y com&e&réﬁad.ﬁlscé?sg ﬁrbe.aaeé TAMEP fa v redén @{rouhus In the

preferred enbodi nent, the video card is coup e conputers CPU al ong
a. 30 "NUBUS" buwidespkdddisei io mlctopldesssnkbaﬁedTmmnénssnmﬁdmgt\ﬁded nc.). The

vi'deo card, as nent oned ng f the sIo s,ln the uter and =~ ™
comuni cat es wi t 8F %%ﬁ UP@HE“QRHE'@@&F%’&H%H@@ a

card wh:ch is coupled to the central processing unit (CPU) which is located

on the motherboard of the computer. Such a video card is described in
5 US Patent No. 4,884,069, issued 28 November 1989,
entitled “Video Apparatus Employing VRAMSs", which is assrgned to the
assignee of the present invention.
For bit-mapped graphics applications, each atomic position in the
graphical display is called a “pixel”, and each pixe! itse!f has a unique
20 address. Pixel data can be any length ranging from one to any finite number
of bits. The addressing space in bit-mapped graphics is referred to as row
(s and column indexes. A typical CRT display is a 640 x 400 pixel array, with (
a black and white pixel being represented as 1-bit, and a color pixel as a
plurality of bits. According to this method the individual memory locations
25 are referenced by their VRAM position in the addressing space.

A video card is conventionally plugged into one of a plurality of
board slots located within the computer's cabinet. These slots are usually
coupled to the CPU along some type of 32-bit bus. In the preferred
embodiment, the video card is coupled to the computer's CPU along a

30 “"NUBUS"bus ("NUBUS" is a trademark of Texas Instruments, inc.). The
video card, as mentioned, engages one of the slots in the computer and
communicates with the NUBUS. The output of the video card comprises a




-2- videg si.gnal which may include red, green and blue (RGB) color

i nfoemation. This video signal is then coupled to a vi'deo nonitor for

di spl- gy t hereon. ©onventionally, RGB color infornmation is stored as 3
consecutive 5 bytes (one byte for each color element) for a total of 24
bits. Thi's presents a problem since the bus connecting the CPU to the video
card is typically 4 bytes, i.e., 32-b2ts, wide. For instance, data transfer

across the NUBURqgo SigRal whieﬁ%aysnéuadé%gmeneaﬁdm&gnea) cdidk S nMeans that
whenever 24-bit (3 byte) RG graphics data is transferred across the NUBUS

one byte is 10 infaxsation. Thisvideersigual ssthemoeurisd to avidet manie for displays
remai ns unused or vacant during transfer of a 24-bit RG quantity. In the
past, data tran$t®9ed across the NUBUS was typically |oaded directly into

VRAM in a one- t 0 NG gihicHaf HRGB Lotk 1REFnaibh3s siofed £88bonRscLadh data at a

gi ven NUBUS address was witten to the corresponding 15 video nenory

| ocati on i n § hebytesorfechytentor @actecolonaléinént) torizetofal of 24 bits. UThis presentsia s
schene results in an inefficient use of video mem)rg space since one byte

out of every fobfoblem sisce g byssconnggtingthe LPU ta thp-vi rdds typicallyy. What i s

Torory wh o ol FRELE: 3APAE NiadKorthetBAG! oath sl 'achidE g MBS ¥ | 20
present inventi gsmmbAlyidd8ersan Rt Bte\trihstiirs.! Tiik Mband thittwHdnBvéleaabit hat i s

presented on the NUBUS and packing it into video nenory in a nore efficient
manner whi ch el (nbyle) RSB graphicsdadaisi transtarmedcmssithe NUBJScongpbyde és ng and

a0 1 T ARE SRS 55 Sl e NSO e epbbR IS A” "
al'gdri thm - viicant-ORANG trddlstetidr a| 24Mi\RGB quantity.

- In the past, data transferred across the NUBUS was typically loaded
directly into VRAM in a one-to-one cofrespondence scheme. That is, each
word of data at a given NUBUS address was written to the corresponding

'.l5. video memory location in the same format (i.e., NUBUS format).

~ Unfortunately, this scheme reéu’lts in an inefficient use of video memory

space since one byte out of every four bytes that is transférred always
‘remains unused. What is needed then is a more efficient way of packing
24-bit RGB data in video memory which efiminates data vacancles.

20 As will be seen, the present invention provides a novel way of taking
24-blt RGB data that is presented on the NUBUS and packing it into video
: memory in a more efficient manner which eliminates data vaca‘hc_ies. It does
this by combres'sing and rearranging the RGB data presented on the
NUBUS, and by translating the NUBUS addresses to video memory'

25 addresses using a specialized algorithm.



An apparatus and nethod for taking data that is presented on a 32-bit bus
(e.g., NUBUS) in one format and witing it into a video nenory in chunky >
planar format, is described. The present invention is also useful for _.

per f or ni ng RGB reads wherein video data is read fromthe video nennry | nr®
chunky planar format and is translated into NUBUS format for transm ssion
across the NUBUS. Chunky planar for st represents a nore efficient way of

packi ng dat a SUMMARY, OFnTHE I INVENTIOMt e vacancies in the sequence of 1 0

bytes. According to one errbodl ment, the apparatus conprises a data format -
transl at or which t L | at i data from.
NUBUS format to chﬁﬁ%ﬁgﬁl é)?‘é{“ﬁﬁ%’qﬁeégﬁ%@g’? i@%ﬁ? ggﬁﬁmchunky N
pl anar f or mabyk$e.6Q NUBISEH oh8dormit Bha WeiliFg fInte A WIdéd fehiory WS 15 -

format. The transPat or presents the translated. RGB data (i niﬁunky pl anar
format) t5 t iplanar fymatdsdescribed. §'hetpmpntiweaﬁamsn|swuww§w generator is

al so coupledtoth,e 0 caj culatin ress locgation in

the vi deo neP8 %ﬁ?ﬁ%‘ﬁ?@ﬁ Ié%‘&d?ﬁdﬁg"{]‘g U%%M?’P%W M The -
address | oca riﬁ%‘fatWﬂﬂﬁN %g@ﬁ to the

formla [err#gwmﬁ?%ereq{i err| e start a drreggﬁélhﬁ'li vi deo nmenory

and NAD r epr emfosstheé wmwhadqrmﬂr format vépresentsia mioEd etficiont way bt

transl ated i s obtai ned, Control 900% coupled tg both the translator and-

the address @agkipgdgta E'o‘ﬂ@?%@"l"ﬁé @'a%fiedfrcarc'ew thgseauence ofo that a

. single bﬁs Ra?%sranslated in a single menmory cycle. 25 . The process
of witi ata from NUBUS to video nenory is initiated when a NUBUS

~address |'s recei vagehreing tb e NeilidQimerhthe apphrids comprises & daatdmised to a
start address in video nenory accordin g'dto t he above fornula. Next, the \J

i ndi vi dual daransigjqravhieh iscouplad 40 thedilJ S&ﬁtaan#b@ne therREBdatafiom and a
e Y, 7! a8 P B BRI o, "
generator. planar format is compressed and- rearranged as compared to the NUBUS
15 format." The transiator presents the tran_slated RGB data (i_n chunky planar
format) o the -videe_ memiory for storage therein.
An address generator is also eodpled to the video memory for-
calculating the address location in the video memory where the transiated
~ RGB data isto be wntten The address location is derived from the NUBUS
20 address aocording to the formula N,tan - (3 NADI4) where Ngtart is the
 start address in video memory and NA_D r_epresents the NUBUS address
trom which the RGB data to be translated is obtained. Control logic coupled
to both tl_'_le translator er_i'd' the address generator controls the operation of the
apparatus so that a single byte is translated in a single memory cycle.
25 The process of writing RGB data from NUBUS to video memory is.
initiated when a NUBUS address is received from the NUBUS. That address-
is ihen transiated to a start address in video 'me'mery according to the above
formula. Next, the individual data byte to be transiated is obtained from the
NUBUS and a memery'cycle is initiated to write that data into the memory at
30 the specific memory address and byte location calculated by _the address

~ generator.



-4- Other aspects of the present invention wll be apparent fromthe
det ai | ed description., -5- BRI EF DESCRI PTI ON OF THE DRAW NGS The present
invegtion will. be understood nore fully fromthe detailed description given
bel ow and from the acconpanyi ng drawi ngs of the 5  ‘preferred enbodi nent of
~the invention, which, however should not be taken to limt the invention to
t he specific enbodi nrent but are for=4expl anati on and. under st andi ng only.
Figure 1 is a generQthepaspastsefithe ipreseahinventionwilibe apparentimmMae ed 10 to a
NUBUS sl ot Thg dlq?ran1iLlustrates the rel ationship of the present
invention to ofifed SeECNBNP Yyeyi ces present on the video card. -Figure 2 is
a bl ock diagramof the currently preferred enbodi nent of the present .
invention. 15 Figure 3 illustrates the differences between the NUBUS f or mat

for storage of RGB video data and the chunky planar format generated by the-

present invention. 20 Figure 4 is a logic diagramof the RGB fornmat
translator utilized In the currently preferred enbodi nent of the present
invention. Figure 5 is a block diagramof the RGB address generator
utilized In the currently preferred enbodi nent of the present invention. .
-6- DESCRI PTI ON OF THE PREFERRED EMBODI MENT(S) An apparatus and net hod f or
taking data that is presented on a 32-bit ' - '



bus and packing it into video menory in a more efficient manner Is 5
described. In the preferred enbodi nent, the 32-bit bus coupled to the:
presently invented apparatus is a NUBUS. However, it should be, understood °*
that other 32-bit buses, having other associated formats, could al so be -
used wi thout departing fromthe scope of the present invention. 10

The new video nenory data format is referred to as "chunky planar" to

di stinguish it fraol i ok "}W' - ormat . The present invention
i s useful for*heinir=sbeilie At LI Madat a presented on a 32-bit
bus and packing it into VRAMin chunky planar format, and also for taking
chunky planar data and translating it back to 32-bit bus format for 15
subsequent transf eTheapresest inventidf-will be lundersiocodtnare ffullyl from tie detaited pti on,
nunmer ous specific, detajls are set forth such as specific bit |engths,

addr esses, et Sescripiop given below apd from @%W@Bﬁ”ﬂ&&@”@%ﬁﬁﬁ e of the
e : . oAt ! | T .
Phat the pbesBréiéired bmbbuimeif of {he/ ientioR WAEE, hawdieP Biouid ot 66' e - "

details. |n otdlimittsinaention touhd spéoifivembodimontitist arefon ekplasitionandn | n
detail so that the present invention is not unnecessarily obscured.
Referring to mngesstandingoff¥ner al i zed bl ock di agram of a video card 10 is
shown. (Only those conponents -needed to understand the present invention

are shown on -card for, alari . rises a
NUBUS connect or 11'1. dl}gf.l' %r%@?’@%ﬁ%%ﬁg% %:'g?r\%gﬁﬁ%c !egnég%%?ﬁ%&gorrput ers
CPU- acr osgot heo ANRIEUS Sl TRE diagrdnh Rludtrité&thieTelationkhip 6f theprisead data bus -
14. Bus 14 is bi-directional and couples the NUBUS to chunky planar data

packi ng unit inveation {q ether relenan) devices\presant ansthevideaseard. i nf ormation is o
presented by the NUBUS to video card 10, it appears on 30 bus 14 in NUBUS ™
format. Because bus 14 is bidirectional, nenory 13 can transfer RGB data to

unit 12 for transl pigups 218@blbsk dibfidm bPheRurreilly Sreferred’embodiment of -
 the presént invention. ' ' :

- 15

~ Figure 3 illustrates the differences between the NUBUS format for |
storage of RGB video data and the chunky planar format generated by the
present invention. o '

20 Figure 4 is a logic diagram of the RGB format translator utilized in
" the currently preferred embodiment of the present invention.

Figure S is a block diagram of the RGB address generator utilized in-
the currently preferred embodiment of the present invention. . |



details @f the operation of unit 12 and nenory 13 will be discussed later.
When: performng an RGB wite, video data transferred across the NUBUS is
preselied to video card 10 for storage in video nenory 13. In this
operation, video address and data information is presented to unit 12 5

al ong .bus ‘14. Chunky pl anar data packing unit 12 rearranges and conpresses
the video data presented to it in NUBUZSormat and subsequently delivers
the video data ( | Yl 0 of< R ¥ 13 al ong bus
14. Address info ' 1 n 1} bddress bus 15.
Before unit 12 performs the data translation, it 10 generates video nenory
addresses for the stoaag@paratusind¥éthediion takhify dERDiHaPiRFStesdrited yn 832-bit
addresses are delivered to nenory 13 along prinmary address bus (PAB)15.
Eventual |y, the bud@pddackingitinto videomamaryiroa morsefficignicpannarisd t o vi deo

digital -to- | t VDAC) 17 al b 16, VDAC 17.15 t
th i gi Lol | yBenBeREIPEE Jf i Srelrtac amiaivehiibe A2 bR CONPAHIP B anal o
video signals. T??&é;egﬁgmh&daipﬁaﬂi@’&%é%s!'W&We' g&d’ﬁ%@ﬁ?&r 20 al ong

| ine 18. Connect ouples the video card to th nonitor for display
of the RGB vi deo understoddthabothei32-bit buses, having other gssoeiated formatscéould agr am
of chunky planar data 20 . packi unit 12 is shown. During an RGB wite to
menory, NUBUS addleske H?RP'B'&T%"B%PW%’F‘?’BPM s preSenneRf thPLsBRtess and data
transceivers 25 g iop2- Pit bus. 14. Transceivers 25 couple the data and
address Information onto address and data i nput bus (ADIN) 36. Bus 36 is:

al so 32-Dbits 10 de and Thewnewadddo memony data format isiréforré-td o rohbhky plamst at or 26
and bl ock address 25  register 27. Format translator 26 is utilized to

t Nafisl ate the dat@ distingwsh & fropyihe well-kpown, NUBLIS datg fosmata theResent or nat (i h

(nben por £ or i ng Tvetiphfs ebaliirakiha M. ofben driTiie (o) dos B¥EMGU AR, , |
provi ded on addr eszebifibgs ahd padkiny 1P iitd VRARIA chohky\PlanatJornvdl] &% atso fdrs O

32-bits wide. Bus 35 is coupled to transceivers 25 which, In turn, presents
t he transl at ed daaking chynkycplanar data and translating it back to 32-bit bus format for -

15  subsequent transfer across the 32-bit bus.

in the following description, numerous spéciﬁ_c details are set fonh'
such as specific bit lengths, addresses, etc., in order 1o provide a thorough
understanding of the prese'nt invention. R will be obvious; however, to one
skilled in the art that the present invention may be practiced without these
20 specific details. in other instances, well-knoWn circuits are not set forth in
detail so that the present invemibn is not unnecessarily obscured. |
Referring to Figure 1, a generalized block diagram of a video card 10
is shown. (Only those eomponénts needed to understand the present '
invention are shown on card 10 for clarity reasons.). Video card 10
25 comprises a NUBUS connector 11 which provides electrical connection to
| the computer's CPU across the NUBUS. Coupled to the NUBUS is a 32-bit
internal data bus 14. Bus 14 is bi-directional and couples the NUBUS to
chunky planar da_ta packing unit 12 and video memory 13. ‘As address and
data information is presented by the NUBUS to video card 10, it appears on
30 busi4in NUBUS format. Becduse bus 14 is bidirectional, memory 13 can
transfer RGB data 1o unit 12 for translation back to NUBUS format. More



nmenory 13 along internal bus 14. 'Bl otk address regi ster 27 is utilized to

tenporarily store the address information present on bus 36 until RGB - .
format address generator 28 can receive it. Register 27 is coupled to-the -
RGB format address generator 28 5 along address input bus (AD B) 40. Th

video nenory addresses are produced by generator 28 on prinary address bus
15 which is a 21-bit dedicated bus c upI ed to video nenory 13. The _
fol |l owi ng sequenchjf events descri es the 0 e tion f data£a0k| ng unit _

12 for the cadietalls of thepperation of uny Y"f'”@ isussed jaler o pei ng
~transferred from N mﬁﬁ'dfm&mf%w’ﬁé e@datattaﬂgl%rréa aEF‘dsg'tP(ées t he.

address of the first eing 4-bytes or I'n length) to be

witten from tﬂmww&esimutadﬂeosardlmlohstorégetmlvldtolmomoqdm das register
27: Next, the | atched address Is translated to a start address for the

vi deo nenory. thigqpesation; wideo addrgss and datagnioppation isntesapteddo Y 1&t address -

generator 28. ctual RGB data:
is recei ve% b;ﬁéﬁ@% a?orbtﬁggwﬂgﬁéﬂiﬁgﬁgraanﬂé t]acr ogé&g&‘sge%}%d?ndl vi dual

bytes of the %wpraésasnneﬁeeéeaaq;tresdmmtmmefémanef translator 26 -
(the term"byte l'ane" refers toa col'um of bytes spanning across nultiple -

addr esses. 20 suﬁeequertllmdelivers therviden data (opwen chuekylplsparformatiitevides 0- 3 and
i ncl udes databtes | S then, 4 |t|ated i ng the
start address "B BaC S}&g%ﬁtﬁatwrﬁ% i?% ?etﬁ’é' I Proyideg; to, me WWt‘%r% data
bytes. (In NUBl e r?"ad&hss'%&%zﬁbfor@ﬁmt e Pgﬁérﬁlme(datétrawfoﬂdns' nce it

does not contaln deo data ter the first data byte has been
witten intdo tganevatdsaudeemn;qry addressasdonthe smrageomly RGB data tAsd t o s

transl ate the next address,and,{he next cycl e \)

transl ates thdngaiigne gdﬁ'Pé’ége resses Ia%f’glﬁ'ﬂeépt\éﬂ'g ﬂg{" agb | t

shoul d be und %@AWI) the NUBUS wites | ess than a word then 30 o
I t

“only 1 or 2 byt es nay ten. In other words, the NUBUS may present
. Eventually, the video data written into rnemory 13,is dehvered to

~ video drgital-to-analog convertor (VDAC) 17 along bus 16.. VDAC 17
15 oonverts the drgitally enooded drsplay infon'natlon into red green and blue
' analog vrdeo slgnals ‘These signals are provided at momtor connector 20 .
along fine 18. Connector 20 oouples the video card to the CRT monitor for
display of the RGB video data thereon. '
Referring now to F'gure 2, a block d'agram of chunky planar data
20 packrng unit 12 is shown Durlng an RGB write to memory. NUBUS address
and data information is presented to address and data transceivers 25 along ' \J .
32-bit bus-14. Transceivers 25 oouple the data and address information '
onto address and data input bus (ADIN) 36. Bus 36 is also 32-bits wide and
oouples transcelvers 25 with RGB format translator 26 and block address
25 register 27. ' ' . '
Format translator 26 Is utrlized to translate the data presented on
bus 36 into chunky planar data format (in the case of an RGB write to
memory) or, alternatively to NUBUS tormat (when pertormrng an RGB read
~ from memory to NUBUS) The translated data is provided on address and
30 data output bus (ADOUT) 35, which is also 32-blts wide. Bus 35 is coupled
to transoewers 25 which, in tum. presents the translated data to video



the videp card with a vacant data byte from byte | ane zero (see F| gure 3).
-9- After ‘the first NUBUS word has been translated the above-described
procegs is repeated for the remaining words in the NUBUS bl ock. Referring
now to Figure 3, the translation of NUBUS data bl'ock 50 into video nenmory
block 51 is shown. Block 50 is In NUBUS format, while 5 block 51 I's packed"
in chunky planar format. The NUBUS a®ddresses are designated by bits 3 and 2
of bus 40, i.e.meMbby (33th9 inteldbugdt.ess 0 references data bytes of BO GO
and RO; in byte lanes 3, 2 and 1, respectively. NUBUS address 1 references
data bytes Bl, Gl arBlogiaddsess "98'53% 27 iputllized 10 temparanily store ther address 5o

contains all of, ?&rd he green
col or data, anan{)d?ﬁaﬁ%‘ﬁreﬁ%th ores a‘”wpﬁy ﬂHLco ?a Pai‘g;itde ane 0 of
block 50 is unumdwamd Registér 27is toupled &ntheREB fdwreab addness gendrinor P8 esent

I nvention, the four bytes stored in NUBUS byte lane 1 (e.g., RO, Rl, R2 and

R3) are rear§ anajong address inputibus\(ADIB) 4@ Fheideosneroenyasidrasses gr f or

NUBUB b ock 60 P2 dﬁ?%én@?ge et on iy SPrzB R B B BHET o oo
51. In a simlag P@ RY Vigleb Moty 180Nt ai ni ng green 'vi deo data, is
0

packed into address cation [err] as shown by arrow 53. Arrow 54
il lustrates how byt eTHeabﬂoﬁng(seqmmcarqigvulltaaesuibns the:bpenation ohdatas

Figure- 3, monor JAGHLAOICE (o5 he-tate oL e AGE wrte togiis memem e GRS NUBUS
bl ock 50. I{@orﬁéng?régsftgg&ﬁvg,@iy‘?@s%?ggy bI ock 51 is conpressed and

rearranged-as conp elimnating the nenory area
nécaal |y consuned byFirst otall, du;me receieesthe Eddrerssnfmadirst\izgrdea werd:béing f

menory bl ock 51 contai ns RO, and BO video 25 C onds to
t he data st oredﬁbmﬁl%@ﬁ%"ale“ﬂmw%tﬂﬂp%@@ thkgﬁsi!ﬁ GF’&'G NUBUS

address 1 i's Writfohqhchdl MdEaMeYs Rightdr 27 Ndka Wb SatkRitfaddrddids SO ON-
translated to a start address for the video memory. Address translations are
15 perlormed by RGB format address generator 28.

Following the translation of the address, the actual RGB data is
received by translator 26 in NUBUS format across bus 14. Individual bytes
of the data are presented at the output byte lanes of translator 26 (the term
*byte lane" refers to a column of bytes spanning across muitiple addresses.

20 For example, in Figure 3 byte lane 1 spans addresses 0-3 and includes
data bytes R0-R3). . A me‘mbry cycle is then initiated using the stan
address proddced by generator 28 for the first of up to three data bytes. (in
NUBUS fomtat, byte zero of the data word is ignored sincé it does not

" contain video data). _

25 After the first data byte has been written into the video memory, a new

~ memory r::ycle may be started to transiate the next address and the next data

byte. A final memory cycle translates the last address and the last data byte
inthe NUBUS word. |

It should be understood that if the NUBUS writes less than a word then

30 onlytor 2 bytes may be written. In other words, the NUBUS may present -
the video card with a vacant data byte from byte lane zero (see Figure 3). .



Essential to the operation of the currently preferred enbodi nent of the
present invention is that each NUBUS address |Is translated to a start: 30 ;
address in video nmenory according to a certain algorithm In the, al gorlthm
the NUBUS address is first divided nmodulo 4 and then nmultiplied by 3.

-10- Mathematically, this operation can be witten as [err] (3 * NAD 4),
wher e [err] represents the start aftress in menory and NAD i s the NUBUS

addr ess. Aﬁ@tﬁ@%FstWL%lﬁS%r@haEbﬂHﬁ?ra\??sdétﬁdﬁl‘?eQ&:Jeﬂq’é%h@éd?d Appl ying

the 5 above fornmul a,a start address in vi
from a NUBUS prdcessds répeatéchfod theardmainingRvords mmnuaue block.f r om f or mat

t | at or 26 t he NUB 14 whi ch tes the
Harn | ol bri 20 L heiTing hapdo zsflw@slqlone”‘ﬁ&lfgalﬁ%%yp Rt he e
vi deo menory ;aeiiéses metnd sroeﬁ%et.ﬁenwn.[%&lseﬁnlmaﬁ gory cycle

Is perforned. This transfers th yte corresponding to r'o BUS bl-ock

50 to byt & | asleck5dis peatied s chunkytplanar ffermat. The NUBUS addresses mcl e
transfers the byte BO to bgte | ane 0 at address location [err] 2. The

entire procesdesignated iy bits3 ApH 2Wiys 49:b9-cNAD (32} NUIBUS addres$@ 3 to fill

the remai nin use of the '
I nt eger nat u?f P&P%ﬁ%@a&lg%gﬁ%w %%\c/lg%és #ﬁlr#%?‘l S appreci at ed
that the starfespééivelys NUBUSaRitrédsPlretedAte Gath byleb Bk G10andbRT S ) W th
reference nowto Figure 4, a logic diagramof the RG format transl ator of

the currentl ystplbe»f élot%t!laéhﬁedaflﬁsﬁpf block BQ cpntainsall of tha-blus enlor data) shown.
Tna"ao5 %lp S e N2 8ieds §Fingbrod t8iof abiabiha B el 41 4 r8irh 0 e
mul tipl exers édloﬁdata9%yle9|hne5b?oﬁ5ldck9§6 is lﬁlﬁ@@&ﬁh&%ﬁtﬁmﬂméﬁo édig, 4 1 input
mul ti pl exers are the individual byte |anes of the NUBUS. For instance, byte
lane 0 is present gkccording tmtlea:resenmmenmmxhs fous bytes stared IENUBLR ¢ | ane 1
s byte lane 1 (e.g., RO, R1, R2 and R3) are rearranged and stored in a single
word 6f video memory; for example, at start addréss Nstan. Arrow 52
15 depicts how byte lane 1 of NUBUS block §0is translated into address
| location Ngtart of memory block 51. In a similar manner, NUBUS byte lane 2,
contammg green .vldeo data, is packed into address location Nsiart +1, as
shown by arrow 53. Arrow 54 illustrates how byte lane 3, containing biue-
color information, is translated to addres_s' Mion Ngtart +2.
20 As is clearly shown in l?_ig_ure--é; memory block 51 contains all of the
color information of NUBUS block 50. Importantly, however, the datain
blcck'51 is compressed and rearranged as compared to block 50, thereby
eliminating the memory area normally consumed by vacant byte lane 0. For
~ instance, byte lane 0 of memory block 51 contains R0, GO and BO video |
25 data which corresponds 16 the data stored in block 50 at NUBUS address 0,
'RGB data stored at NUBUS address 1 is wntlen into memory block 51 in byte
lane 1 ,and so on. ' .
Essential to the operation of the éurr_ehtly preferred embodiment of the
present invention is that each NUBUS address is transiated 10 a start
30 address in video memory according to-a certain algorithm. In the algorithm,
the NUBUS address is first divided modulo 4 and then multiplied by 3.

€0 neno ‘01s first derived



25 presented on line 64, byte lane 2 is presented on |line 65, and byte

| ane 3 i's presented an line 66. During an RGB wite these input byte |anes
conprise the correspondi ng byte | anes of the NUBUS. Conversely, in
perfé‘fm ng an RGB read, they represent the byte |anes of video nenory 13.
The output of nultiplexer 60 .is conneclygd al ong an 8-bit bus 67 to red 30
latch 70. Simlarly, nmultiplexers 61 and 62 are coupled along |ines 68 and
69 to green | Mathematigally, this,eperatiemcampbe wetigr a8 iNstany= (WAB(ﬁ%pWFS"eof

i i over s Qb BpTHRRIAS s bkib'f moiont R NACTS O WOBUS’LL | o 70

is presented Q¥ydrégyc. 80, green color information fromgreen latch 71 is
presented on Iine 81, and blue color information fromblue latch 72 is

presented on |ine #ssumadha black:50.0f Figure S igtd betransiated.c ApplyingIthe pl exers 90
t-hrough 93 provi de .t he out put te lapes O thro 4 re Lvely, of the
t ranglgat or SDW%#?VB@W#%E#% 'M‘f’a mwwaﬁﬁ%ﬁgﬁg?%hﬁ? %/r ansl| at or
28 sel ecti vel yygai réé%eb.aﬂiyﬁégﬂ%@diﬁ endfe&ivec rorh dthal YraRdlatbr O t he

i nput byte | anes to the out put anes for storage in video nenory.

Control for 1026 {MitheNUBUSandtsad)in amemesy cyclg-which evrites theata/inded by
wel | known conbi natorial circuits and state machine logic which is not

shown for sakebyie lanepf address lpgationd inymemmenyibieck Sdequence descri bed above
(see Figure 3), th I T ot I4g.a B%ﬁdwriteis
red. For exanpl e, &é%}"cé%gmfb%%{“& %’%ﬁéﬁ%’%’%‘@f'ﬁﬂ% of bl ock 50
i's coupl edid O amdhér MumbhyDtyclecis peRbrmidd. OTHhtrinsiars tig byteicorresygoriding ne 64.

‘Mul tipl exer 60 sel ects Bi n 64 to couple RO into.red latch 70 along |ine 67.
iniyially, alltodB0frem NUBUS hipck Shigihyigylanq 8i0f address jocationNgert + thi ch i s

out put byt e | akte O odyiebels islechhe S0 o iE e fthaardhe 0" 1 TNe
det erm nes whefoatidh NBAPL ¥ (1 ﬂ@r&?h@aéﬁs@sﬁdﬁdmrmwﬁdrﬁfﬁch byte in
c _ _

the menory |Is separately controll ab
: * locations 1, 2 and 3 to fill the remaining po_nions of yideo memory block 51.

15- (Because of the integer nature of the division in the above algorithm, it is
appreciated that the start address for each NUBUS address in block 50 is
zero.) | _

With reference_ now to Figuré 4, a logic diagram of the RGB format
translator of the curfently preferred embodiment of the present invention is -

20 | shown. Translator 26 comprises a set of 4-to-1 input multipléxars (i.e., 60,

" 61 and 62), a set of latches (i.e., 70, 71 and 72) an_d a set of 4-to-1 output
N~ “multiplexers (i.e., 90, 91, 92 and 93). Connected to each of the 4:1 input
multihlexers are the individual byte lanes of the NUBUS. For instance.; byte
lane O is presented on line 63 to muttiplexers 60, 61 and 62, byte lane 1 is

25 presented on line 64, byte lane 2 is presented on line 65, and byte lane 3 is |

. preéented on fine 66. During an RGB write these inbut byte lanes 6omprise
the corresponding byte lanes of the NUBUS. Conversely; in performing an
RGB read, they represent the byte lanes of video memory 13. |

The output of multiplexer 60 is connected along an 8-bit bus 67 to red

30 latch 70. Similarly, multiplexers 61 and 62 are coupled along lines 68

and 69 to green latch 71 and blue latch 72, respectively. The outputs of



t hereby all owi ng generator 28 to control the destination of each byte,

e.g.. which byte lane to wite to). Wiile all four output byte |anes . -
contain color information for a single 25 color at a given point in.tinme,
only one of the byte lanes is written.in video nemory. This process is ,
repeated for the green and the blue color data In the followng 2 nenory.
cycles. For exanple, byte GO whicly gets | atched into green latch 71, is
provided on |jg Sh%h af&ll&sp ll: &Cbrtrmeu@hr MihipleRers go t hese
mul ti pl exers t en sel ects t e -green val ue or out put onto 30 output byte _
|'anes 0 t hr ougfiro8gh eBnd'has.credEBIot information from rb;ltlatch z!mls presenteddendest i nati on
for the GO col or data. 2- I nportantly, rzg y cycl e accesses a

separat e wor d line 8D grerpysolor i'lfm'QF‘ from, prpeq. 'ﬁ‘ﬂ"& BI“BFW’@ s 8.actual Iy
end up being Eg'ngi Eolgrdintg PrndticH o B te 'ﬁlﬁlbgﬁgn%&g%ndﬁ ¥hglual mam)ry.

cycles provid accesses from ernative 5

enbodi ment g NUBtﬁltllhosckstmdspmohnhmplesersrmhbtcghéewdem ogpupf to
'performmlltlple word transfers in a sin menory cycle. The translator of
Figure 4 is albyte lapes Qithraugh 4o Easpecivelyy ?ztb! Of.that is, translating

data | 1om Vi de0. T leh ol SR o FL M bR R P

Speci fic byt e sefigfively Codie®ihe &ipofiRae fod; réeiv GIEbIGH BYIRs Horette IABGt  For
i nstance, each of the input. multiplexers 60 throra%g 62 m ght |n|t|aIIy

sel ect byte | dyte lBnes\ta thewquinit byleilares for storags in ¥i MWOWy&Wthé :

per f or ned e flrs one_ b he_red_col r dat t he second one for

the gr een19ndq‘t‘?18“‘l“m?’ifr§ B?ﬂal‘@“’ﬁl‘tlé‘t'%?érga ignov%q fectively Ioads
‘the color inf mneﬂ@n%%ggl eWﬂaélﬁﬁ&lb@lb \Zﬂcﬁl‘sﬁbt@ltov“ fofSdKet \_) C
_ rrultlplexers t hr.ou then se ect the appropriate color |nformat|ont

.be transferr ed:ftstmplloltyassom ated byte | anes on the NUBUS For exarrpl e,
miltiphexer 91 sel lencthse trerneslatlgrctl sS&'lé)r{ce‘i's%tsé‘ngeJ et;orvg §£ae gure 3)y the first
byte wntten to memory dunng an RGB wrlte is red. For example. red data
15 byte RO present on byte lane 1 of block 50 is ooupled to input -
multiplexers 60 through 62 along data input line 64.- Multiplexer 60 selects
pin 64 to couple RO lnto red latch 70 along line 67. lmtlelly. all of the 4:1
output multlplexers select llne 80, which is output from red latch 70, for the
first memory cycle. Thus, all four of the output byte lanes contain' RO video
20 data. Address generator 28 determines where in memory the RO byte is
actually writte'n. "('Each byte in the memory is separately controllable- | o
thereby allowrng generator 28 to control the destrnetron of each byte. e.g., -
which byte lane to write to). - | | |
_ Whrle all lour output byte lanes conteln color mtormatron for a single -
25 | oolor ata glven polnt in time, only one of the byte lanes is written in video
| memory. This prooess is repeated for the green and the blue color data in
the followmg 2 memory cycles. For example byte GO which gets latched
into green latch 7,is provlded on line 81 to output multrplexers 90 through
93, Each ot these multlplexers then selects the green value for output onto .I
30 output byte lanes 0 through 3 Generator 28 then selects byte lane 0 as the

destination for the GO oolor data.



lane 1, multiplexer 92 selects green ceolor ‘data for transfer onto byte |ane
2 20; »and 'nul tipl éxer.93 selects blue color data for transfer to byte | ane
3. No\_g that mul ti plexer 90 has one of its input pins grounded. This is
because the out put of nultiplexer 90 is coupled to byte lane 0. Keep in

m nd that when performing an RGB read, byte lane 0 on the NUBUS does not
contain usabl e video data. 25 Ré?'erl ng now t.o: Fla%ure 5, a bl ock

di agram of RGB addre %'@HFX £ach memory %’ﬁ'@\/ﬂ‘l’cesﬁ?s@s%qpﬁ # worh@Bthe andi ng

t he operation o quence of
events. Assune tN1 U ggdat' %ﬁ%lqé@ég%Bﬁ‘?@Zgg éj?éuéﬁ+ E%ﬁelg%'gswrl tten
into block 51 oftransfdﬂedwméUmdﬂnmkerBtheﬂWBMs$mlviumrmemoqf cycley Wor ds
stored 30 in four addressable nenory | ocations. These menor y | ocations are

represent ed by pmvidessiegie word acecasnesisom the NYIBUS. Brﬁrgeltesnaweut of 4 bytes

-13- witten out it tes are nsl at C si ngl e

byte lane in Sui & M'ﬁ@éBS% a&hﬁgs gﬁ!ﬁﬁl'ﬂ%n{%@{ ﬁZf%te

menory addr essegerdfi rititiph ﬁ\sésﬂ tolrhém ‘% clen bl ock 50 determ nes
g

whi ch byte lane'in marmrybock 51 that wo 1S g to be packed Into. 5
For | nstance, word- 3Thestrensiﬂedoﬂlﬁgwel4y5alsbanseﬂmwhen perarmingRGBlreads; and so

on. Thus, there ar te | anes in, nmenor corres to the 4 words (at
separate addresdhdt g% é @ﬂai'ﬂ P/é°| %@ﬁgﬁﬁv Arihe saseplanyi ¢ s of
.the word addr es g rddde LiﬁHﬁ tination
byte |l ane in vi d(a(gé]rrerm}ﬂ}, B eelriges gﬁﬁ’gg%or?gq?gﬁ% a(rfraa"%g??\gﬁget ween t he
four |ocatiag0s WebhnerWBUSpenﬁctﬂyte l&neglmemoqsereramdyhreélt shoul d be

noted that bits 1 and 0 on the NUBUS, i.e., 6'!!3‘ represent the byte
address. Since #HCGRSSIVEIMpsy Faringiange; ﬁaqmef%mua iplexersfQiat a packi ng

ety oo YR g AR o B 865, Mgy Aaf,,
i nput bus 40 e. gnemdipicicié dre’performed -- the first one being for the red color data,
the second one for the green and the third for the blue color data._ This
| 15 effectively loads the color information into respective latches 70 through 72.
Output multiplexers 90 through 93 then select the appropriate color
information to be transferred to the associated byte lanes on the NUBUS.
For example, multiplexer 91 selects the red color data for transfer to byte
lane 1, niuttipl_exer 92 selects green color data for transfer ento byte lane 2
20 and multiplexer 93 selects biue color data for transfer to byte lane 3. Note
- that multiplexer 90 has one of its input pins grounded. This is because the '
output of muttiplexer 90 is coupled to byte lane 0. Keep in mind that when
pérl'orming an RGB read, byte lane 0 on the NUBUS does not contain usable
. video data. o o
25 - Refeﬁng now to Figure 5..a' bleck diagram of RGB address
generator 28 is shown. To assist in understanding the operation of address
generator 28, consider the following sequenee of events. |
Assume that NUBUS data block 50 (see Figure 3) Is being written into
block 51 of video memory. Block 50 comprises a group of four words stored
30 in four addressable memory lo‘cétions. These me:ﬁory locations are
represented by addresses 0-3. Each word in block 50 gets 3 out of 4 bytes.



The | ower-order 2-bits of bus 40 are’coupled to register 106. These two

| ower-order bits represent the word address for NUBUS bl ock 50 (e.g. S
NAD(3:2)) and therefore, provide the information as to which byte Iane int
menory a data byte will be stored. The output of register-106 is coupl ed\(o _
a 20 buffer 111 al ong line 113. These two bits are now | abel |l ed as the two
| ower -order bits on the primry addrédds bus 15, |.e., PAB (1 0), and
represent thewtitéreoutoofdt. dﬂtdsa&!sbyté’hesdrdns(atédalmnmrdela single bptedan®nbi ned
with the upper nineteen bits to produce all " 21 bits of prinmary address bus .
15. The next waw%mem%véam'@ssf 120p3 SPIANING YRR, SRR RWOYal cul ating 25

the correct s ”m? of a NUBUS:

word -are wri t%@é{% ﬁ; EE“PFE ;‘%%ga?%gﬁ{n%‘re ﬂ'}ﬁéd{)wgg’ear e% aced into .
three successwmn%measmammwa«meammgsgbanglwbstpseke@m ess. Once -
the start address is determ ned, the subsequent addresses for the next

bytes are 5asFoyinstanoe.|mrdc8 wamedmmmnqa@wmbm&san@so . :
Co d th t t at dat

From the baseotr e Reis aes ™ tle s 6 therb eorfospppbind 1 £0F wBhls i o o
-14- be the fggsdy ieoé‘ddressrloééhoﬁgmme NoBgBher words, there is always a

correspondence between address O in the NUBUS and address 0 in video
menory. The first ThmleaSUwatslgmﬁmnhbmﬁ thmw& address omlhecNUBUSli.eZ and 3,

al ways ‘have a_start. address he VI r SI nce th data that is
5 to be tranyi\br{%%’ 3* Wﬁ%eﬁ@' '°"R¥‘° @9 '@tﬁ. A new
start addxiess

F R t r%lﬁﬁ hgeyond the
first four wor tS\fter t Fést I &ddr#dr%ﬁ% S da wlﬁﬁas been packed into

t he vi deo msrrnrbyte laneshinl memory it shbeldsbecmtet! thabbits + a0 baithe NYBUS)r esses 4u

5 6 and 7 - roceed.. .For .t he second bl ock,. the correct start address
for 10 the nb%t'@%ﬁs@’aﬁ%@“ﬂ%@ﬁ?ﬂ@%ﬂﬂ%@rﬁmﬁw dealing with,r 1 |  as

shown | 0 Fi U Gord GachSsbth' dailh bioan'GiniP 12, thts NP lrd ifndfedfo memory can be
In F'gure 5, the NUBUS address information is supplred to
15 generator 28 along the address and data lnput bus 40 e.g., ADIB (20: 2)
~ The lower-order 2-bits of bus 40 are coupled to register 106. These two
lower-order bits represent the word address for NUBUS block 50 (e g.
NAD(3:2)) and therefore. provide the information as to which byte lane in -
memory a data byte will be_ stored. The output of regrster 108 is coupled to a
20 buffer 111 along line 113. These two bits are now labelied as the two
lower-order bits on the primary address bus 15 , L.e;, PAB (1:0), and
represent the byte lane address. These two lower-order bits are combined o U 2
with the upper nineteen bits to produoe all 21 bits"'of primary address bus 15. -
_ The next pan of the address generatron process involves :calculating
25 the correct start address in video memory Beoeuse the 3-bytes ofa
~ NUBUS word are writlen into a byte lane in memory. the 3-bytes are placed
into three successive _addresse_s in memory beginning at the start address.
Once the start address is determined, the subsequent addresses for the next
bytes are easily calculated by incrementing the start eddress '
30 Conslder the situation in which packing' unit 12 begins translating
data from the base of the_ NUBUS. In this case, the_start address is going to



t he NUBUS address divided by nodul o 4 and mul tiplied by 3. For the exanple
gi ven,_above, if the first address in the NUBUS block Is 4, then the 15
start address .in.video nenory for the translation is given as 3 * 4/4 = 3;
address 3 in video nenory is the start address for a NUBUS translation

begi nning at address 4 (in block 50). In address generator 28, this
translation algorithmis inplenented Q¥4blocks 100,- 101, 102, 105 and their

associ at ed Comb%f“’hm"m%g':ﬁ"iﬁ"g,wm@'-tﬁ&h&fﬁ‘)@#%ﬁ%@‘%‘gﬁﬁg‘w are presented |

to the B input I"'ock 0" an A'inpu | ock 100
contains a di vigdelespbnddnce ibetwidhm ddarestiinahie NUBUS dnd address b iAvido

mul tiplexer to select either path B-to-C or path A-to-C The nultiplexer Is
control |l ed by |reemerynddedirstfourdocationsan the\NUBHS: e ghwands 0, i2and3,5.

Siml | bl k.100 ' di vi whi ch di vi.d by. 4. A .
ol ol cver | st S HaR adafesk ol Bin 4 viddS FRmON Sfce ekt ke,
di vides by 4 Qb ba trmiferabiss Sifiply RO R Y, Y, 60SGY, 2GS k. AFlewestdrtt 0 the

out put of pin B. Qutput pin C of block 100 is coupl ed to adder 102 through
line 103 whi | e addresstwillinat @ géndratediuntilthe iINUBLIR incramants béyonddte firshl ong | i ne

104. Block 101 .,is contrqll ed i sim er as 30 | ogck 100. When

cal cul ating t hdoUt%p s'a&??'é&'? %%‘#%%@a&aﬂﬁﬁgﬁyﬂﬁg‘%h@" the _15. 101

sel ect paths B : ' 0 dahi ' rgss

provi ded by bi Videgf o g'ﬁ'tagﬁﬁg?ﬁ P 8CHgctfd Biock pﬁ“l%"*k?@*ff’%%sﬁﬂda 'so

mul tiplied by 1 dnd Rddmay préoeedu &or thHe secoad block,ché @BrrectadtdrDdddressifores an

address which is 3 tines the NUBUS address divided hy 4 (i.e., 5 [err]

(3*. NADY 4) )10 THhe nextransigtion js i‘h'@gwssﬂ in JRRPOrY gi#. Mlstart 113 @BShOWRHNCh s

tkhen presented ,}igwrqui ster 105. Thus, line 112 contains the primry address
g :

bus bits 20 thro This start address is buffered frombus 15 by buffer
110. Primary addresMdthemdticatiynithe siart ddaressdnvitso merhary ahiberseen dsi ne 112

and ne 113 to produce the start and byte |ane infornmation needed
_ the NUBUS address divided by modulo 4 and multiplied by 3. For the
~ example given above, if the first address in the NUBUS block is 4, then the

15 . start address in video memory for the translation is given as 3 * 4/4 = 3;
address 3 in video memory is the start address for a NUBUS translation
beginning at -address 4 (in block 50). In address generator 28, this
transiation algorithm is implemented by blocks 100, 101, 102, 105 and their
associated connections. : _ | . | '

20  Bits 4 through 20 of bus 40 are presented to the B Input of block 100
and the A input of block 101. Block 100 contains a divider which divides
the address by 1/2, as well as a multiplexer to select either path B-to-C or
path A-to-C. The multiplexer is contrblled by logic means and state
machines not shown in Figure 5. Similarly blo_ék 100 contains a divider

25 whicﬁ divides by 4. A multiplexer is also provided to éelect either the path
A-to-B (which divides by 4) ora separate path which provides a constant

'. value 4 to the output of pin B. dutput pin C of block 100 is coupled to
adder 102 through line 103 while output pin B of block 101 is coupled to the
adder along line 104. Block 101 is controlled in a simllai manné'f as

30 block 100. B o |

| " When calculating the start address for translation, blocks 100 and



1 0: for the address |ocation in vidéo menory. To cal cul ate the next

address location in menory all that needs to be done is to add 1-word,;

i.e., [err] 1.
back to the A

during a read we

This is acconplished by the feedback connection, of |ine 112

| nput of block 1 00. After the start address has been et
cal cul ated, the nmultiplexer In block 100 selects the path 15 fromi nput '
A-to-C. In other words the start address is transferred fromline 112 to
line 103. At the sane time the nultiqibexer in block 100 selects the path
whi ch transfergit PafHs 0 fore,
adder 102 addsﬁot hé(;@gc?art adgiorgggapﬁ{&??l%wway. rhmt’ﬂga}% pro usge t he next
menory addr essprovided by bitg dcthroagh 20@f bug 401§ mudliplibdbylﬂdnd dlse 20 upper

e 15 s dos Bl fla” Hadis Beicventiionin 14 163804 Rof PeRberan Ra -
read, essentlaéd&e%gmghéﬁ@smgggﬁs ggmﬁéﬁlggéggﬁgl(p&e This |I's because

ys start at t e start

In an idents. causgg,&(aahmm»omisrasﬁlllsrproadedbyaddermzoremm of events
that occurs during an R@& read.can be summarized as follows. First, the
address is obtWhig &WBM’?WMM'&‘RH‘% amBusling 113conains the primantidr ess.

ot o . "N 2 h0bbh 2 e AR R PR B B DY ©

from menory.
address [err].

brﬂrertrlre Pavan addresstius rsaeolnﬁihésnhd dtidresEanmomiatiba drey are

provided to the translator 26 wi thin packing unit 12 -16- al ong

bi directi onal Ings1 12sandrinesti3datpioduced em@awelmnmm-mqnedsem ed to

t he NUBUS. ) nodi fications of the present

i nvention Wi Ie'rﬁg" 0%@3%%318%% ﬁﬁ@giéﬁm?% a person of ordinary skill"
the 5 art after h%m&e%&ﬁm%&em&em&%wﬂuﬂn&eﬁs%bbe
understood that the particul ar enbodi ment- shown and descri bed by way of

'|IIustrat|on [

15

20

25

dorieris t@ add 1-word, i.e., Nstart +1 This is aooomplrshed by the feedback
connection of lrne 112 back to the A lnpul of block 100 After the start
address has been oelculated the multrplexer in block 100 selects the path
from input A-to-c In other words the start address is transferred from

line 112 to line 103 At the same time the multiplexer in block 100 selects
the path which translers the constant 4 to the output B on line 104.
Therefore, adder 102 adds the start address plus 4 (L.e., 4 bytes) to produce
the next memory address ln the sequence, i.e., Nstart + 1. ON line 114. The
upper order brts are then combined with the lower order blts on primary

read three | ocations

address bus 15 as described above : -: : u '

lt should be apprecrated that dunng an RGB read, essentrally the
same address translatron takes plaoe Thls ls because during a read we
always start at the start address and read three Iooalrons in an rdentroal
manner fo an RGB write. The entire sequenoe of events that occurs during

| an RGB read can be summarlzed as follows.

30

First, the address is obtained from the NUBUS and translated into the .
start address Nsm and a memory cycle is lnlllated That memory cycle
produces a: byte from memory. Another memory cyole is then Initiated using
the next address Ngtant 4 1. AS the data bytes are read from video
memory 13 they are provided to the transiator 26 within packing unit 12



way intended to be considered liniting. For exanple, although this

di scl gsure has shown a particular way of transferring data across a NUBUS,
ot her{gir ansfer -net hods across other 32-bit buses are al so possible. 10
Therefore, reference to the details of the preferred enbodi nent are not
intended to limt the scope of the clains which are thenselves recite only
t hose features regarded as essential to the Invention. 15 Thus, a
dat a ‘packi ng apparatus and net-hod whi~d#r i s usef ul for witing data into a
vi deo nenory in alonglbjdimctioral bt 4nThéseodata byfbslzre thumtramstated and r eadi ng
video data stored in a video nenory in chunky planar format to a 32-bit
bus, has been deB@sented to the NUBUS A VB 1. In a conputer providing a

video signal to a ”D%Qfetag%a ié@h@%oﬁé‘ﬁﬁ ﬁ@diﬁﬁﬁ%ﬁ@%%ﬂm' uding a

32-bit bus coupling a central processing un €0 nenory, an

apparatus for w jrivemibr will. nodiotbtbectthdaprarét@®a pbréon ofirdinayi skilMn dle NeENDrYy
fromsaid bus conprising: data format transl ati on neans coupled to said bus

for translatiPg 3@iafterhdyinmreadithe faregring,descriptions it is to be undarstopd thajthe ¢ he

s compar ed to saracife SPRERt St idRiscnBha By WA HRBERIAI i AL 50
transl ated RGB diaj itendet 19 be cneidsrsdlinsitih Foi eXantpste, dRBbSgnthigaddr ess. .
generator neans coupled to said bus for calculating the address | ocation in

~ sai d video nenor gisglasure hasishowomR particular-wayjoldmnsiardng data aeress BMNUBYS, neans
f trolli id, t | ag,i id - ' . 2. Th
appar at us of G aPfiet reniie mefrodh aBaF By 23 plePERR A podEC L % cd 10 a
| 3 Iégglr e Menoryp Y Fhérefore, refdiéncetB IR BerBilOSf the praferfed ¥MBodimBnISab opddr ess

intended to limit the scope of the claims which are themselves recite only
those features regarded as essential to the invention. '

15 Thus, a data pécking apparatus and method which is useful for
writing data into & video memory in chunky planar format from a 32-bit bus,
and for reading video data stored in a video memory in chunky planar
format to a 32-bit bus, has been described.



- planar format in said video nmenory toQimsformat of said bus, the

means includes calcul ating means for calculating a start address prior to
said nmenory cycle according to the formula [err] where [err] ‘represents :
said start address and Addr represents the address of said one byte?ﬁ4itj;
The apparatus of Caim3, wherein said bus conprises a NUBUS. - -18- 5.
A conputer “providing a video signal to a nonitor for display thereon, said
conputer including a 32-bit bus coupliqg7§ central processing unit (CPU) to
a video nenory, an apparatus for reading red, green and blue (RGB) data
fromsaid video nenory to said bus conprising: data format translation

means coupled to said bus for translating said RGB data stored in chunky

translated RGB data in said chunky planar, format being conmpressed and
rearranged when conpared to said bus format, said translation neans

presenting said trahsl atied codiputertproviding a vidéu sighalto aLhcHitdr for displays M ssi on,
to said CPU, -address generator neans cougl ed to said bus and data formmt

transl ation neHieEean, yer ingluding & ddbit dus| couplingra centrakpracessings nenory |
wh i d | ' : | i i d
Fransl at1 on otk (RUPIT iab tharior i apfatlLg or HiRG g Urp Bhd Bluey's, s,

where one byt e(REBpdatd intéBaldvidec meind risaid Bus confprisiage menory cycle. 7.,
The apparatus. of C aim6, wherein said address generator neans includes

cal cul ating nmeans fdata irmetitransiatipn-means coupledrto ssidhusdor transiating saidor y
cycle accord nﬁGrBOdétQ?ro;n%%hg fdrifaf o another format, the translated RGB datain

said another format being compressed and rearranged as compared to said
~ bus fonh_ét. said translation means presenting said translated RGB data to |

said video memory for storage therein; o

address generai@r means éoupled to s_afd bds for ealéulating the

: address location in said video memory where-said_ RGB translated data is

written; o . -
| control means for controlling said translation means and said
generator means. | |

2. - The apparatus of Claim- 1, wherein one byte of said RGB data
is translated in a single memory cycle. |

3. The apparatus of Claim 2, wherein said address generator
means includes calculating means for calculating a start address prior to
said memory cycle-_acoording to the formula '

. Nstart = (3 * Addr/4)
where Nstant represents said start address and Addr represents the address
of said one byte. |

4, The apparatus of Claim 3, wherein said bus comprises a
NUBUS.

T



Wher e [err] represents said start address and [err] represents the address
of said'one byte.' 8. . The apparatus of Claim7, wherein said bus conprises
a NUQL’J{S. 9. In.a conputer providing display of red, green and blue (RGB).
vi deo~”data on a CRT nonitor, an apparatus for witing said RGB data froma
-19- NUBUS to a video nenory in chunky,planar format, said apparatus

conprising: data fopmat franslator h v'llg'. R ural I tiplexers
for receiving said EGB déP&TPP‘SﬁPW@_!Mg"%%&?@?E{? _é_éo&kﬁﬁﬂ@fspgypl urality
of latches COUWI‘\&G?E.Osa?@bQRr%GﬁNncm&ﬁg' i)'32W&sf£upﬁﬁ§)aro%hﬁhwprseé§s;ngg

I ndi vi dual bytes orf said data, and a plurality of output nultiplexers

coupl i ng sai d lunit{CPY) twatvidsolmernsoryaar appdratusifor readiog redrasesn ardibiye
transl ator providing one of said indivi qual es ta said byte | anes of

sai d vi deo rrerrdB]?Qi_ a{om Saichiep BYTPY. °#@@%ﬁ@&?ﬂaﬂa= bl ue (RGB) addr ess
gener at or means 1o oG ofihahiNlshif mRRE BATIGrA S for Fihslatrg ey oror v

where said individu elsto wrtt address | ocat’i on bei ng
derived from a pGBdatsstdreatin charkyrplanag format incsaldvideo mefmery fo thadormat er r |

represents its start address and NAD represents said NUBUS address; control
neans for cont rafisaidiepss thetransiated BﬁBcﬁﬁtgr@'hﬁd qufﬁﬂ(ﬂ?ﬂﬂaé E‘?'ﬂﬁ‘ggg'ﬁgd |
transl ator and said ge O : rédig1g to Claim
9, wherein sai @MP%??%@@%M%%"S%%%@E@%%??gés&ﬁﬁlﬂns%}dgnenti ng
means for increpidio nidng présnting64la Granslaed RGB idataltb saitkbus faxdr ess i n
said video nenory for the storage of the next of said '
subsequent transmission to said CPU;
L/" address generator means coupled to said bus and data format
‘translation means for calculating the address location in said video memory
where said RGB translated data is‘raad:' -
- control means for controlling said translation means and said -

generator means.

6. The appafatus .of Claim 5, where one byte of said RGB data is

‘translated in a single memory cycle.

7. The apparatus of Claim 6, wherein said_address generator
means includes calculating means for calculaﬁhg a start address prior to
- said memory cycle according to the formula |
Netart = (3 * Addr/4)
where Ngiart represents said start address and Addr represents the address

of said one byte.

8. The apparatus of Claim 7, wherein said bus comprises a

NUBUS.

-9, In a computer providing display of red, green and biue (RGB)- -
video data on a CRT monitor, an apparatus for Writing' said RGB data from &

*+ € L M § *



I ndi vi dual bytes, ai d storage of said next byte occurring during a new
menory cycle. 11 The apparatus according to daim 10, wherein said - *»

address generator neans also calculates the byte location ‘where sai d-- LR
I ndi vidual byte is to be witten. 12. In a conputer providing a dISp| ay*df
red, green-and blue (RG)  -20- video data on a CRT nonitor, an apparatus

for reading said RGB data froma vidgg.nmenory in chunk planar format to a

NUBUS i n NUBURUBUS'®S a vitieb Inermerglimhiinky ranar forigt, said gppasdti®t transl at or
having a plurality of input multiplexers for receiving said RGB data from

the byte | ane€oO®PrsiAgY vi deo nmenory, a plurality of latches coupled to said -

| nput nultipl exers said RGB .
data, and a plural ﬁ’%'%'f‘%g?'{’g%@“"ﬁ‘%‘gﬁ'@‘weﬁﬁ%ﬁé@?@sﬁiches to the
byte | anes of r&oivin RGB dad fiontiid A [anBs BF $4id NUBUS, eplufalitychii ndi vi dual
bytes to said byte lanes of said NUBUS during a nenory cycle red, green -

and bl ue (RGB)ateimmlegiemeem imputmtiitiplexers feasmratemmineaindmduelss | ocati on
in said video,nenor id_i,ndi,vi dual oberedfrmsald
address | ocat P)S‘i? ﬁ%ﬁ?ﬁéﬁ%%&ﬁ'ﬁ@@ﬁ?uﬁi@m@%&m the :
formula [err] [ Sted 1 Viuﬁarepresents
sai d NUBUS ad ress setoctgﬁt erlsﬁ‘éﬁns f%‘r"ag%ﬁqerﬁ) smggﬁ%&?fgn ator and said
.gener at or . neaoae of 3aidThdividpalbytes to sad:widllar@stai sldandoolﬁemobedwing said

‘address generator neans:further conprises increnmenting neans for
i ncrementing 84NAMERLEXC!iddr ess to obtain the next address in said video

memory for red, green and biue (RGB) address generator means for calculating .
the address iooat'ion in said video memory 'v'vhere said individual byte Is to U
be wntten. said address location being derived from a start address
aooordmg to the formula

| Nean= @3 NA'Dm-
where Ngtan r‘epresems its start address'ar_\d NAD represents said NUBUS
~ address;
control means for controlling said translation means for oontrolling

said translator and said generator means.

| 10. “The apparatus aooording to CIaIm 9, wherem sald address
| generator means further comprises _ '
mcrementing mea_ns for incmmentiné_said start addr_ess' to obtain the | \.)
next address in said video memory for the siorag’e of the next of said '
mdivudual bytes, said storage of said next byte oooumng during a new
' memory cycie '

11 The apparatus according to CIaim 10, wherein said address
- generator means also ealculates the byte location where said individual

byte is to be written.

12.  In a computer providing a display of red, green and blue (RGB)

W




reading of the next of said individual bytes, sai d readi ng of said next
byt e:@ccurting during.a new nenory cycle. 14. The apparatus according to
d ai nﬁ_’lﬁ wherei n*sai d address generator neans al so cal cul ates the byte
| ocation in said video menory where said individual byte is to be read
from - 21 - 15. ~I'n a conputer providing a video display signal, a _
met hod of witing re%een and bl ue (R@)- data. presented on a bus in a bus -

Lor mat in whi _cg edldeo GPP#&%HEQ"BPW%'&IEW@PS_?WQMQﬁ}dBﬁBadﬁfﬁ emiaue -
Whi ch & bl ock of _YERG¥mER. B R dna? orHH B NRO] bl M T 1

first color bytesappafeté®bemphging:t hat includes only second col or bytes, and
a third word that includes only third color bytes, said nethod conprising
the steps of: (a) r datai forma transiator having & plusality ofJaputmutiplesess fors; (b)

t | at i i d desti.nati. t tart d f id vid
ronry. . accor af ng FEGPNR s AP gefaifor el Bhes P saidUdag MerkA. & nadr oss of

a block of said vi i id in ' ﬂﬁd ress
pravi ded by said Dbus; : Crg); '@é%egtgpgﬁeﬁgdgﬁlg&p}t 8}% ispgxgé?é%h at a@?rsz)ﬁagsai d
bus; (d) i ni ti dndivijual bytesootysaidyBGB data, and agluralty bf outputoouitiplexers e of sai d

RGB data into said vigdeo mory -
ooupl?ng saqg !atcl%/es to the byte lanes of said NUBUS, said translator

providing one of said in_dividual bytes to said byte lanes of said NUBUS
during a memory cyéle: |

k_) red, green and blue (RGB) address generator means for calculating
the address location in said video memory where said individual byte is to
be read from, said address location b#ing derived from a start address
according to the formula

' . Netant = (3 * NAD/4)
where Ngtart represents said start address and NAD represents said NUBUS
address;
| control means for controlling said translator and said generator

means.

13.  The apparatus according to Claim 12, whersin said address
geherator means further comprises incrementing means for im_:f_e_menting
said start address to obtain the next address in said video memory for
' reading of the next of said individual bytes, said reading of

said next byte occurring during a new memory cycle.

14.  The apparatus according to Claim 13, wherein said address
generator means also calculates the byte location in said video memory
where said individual byte is 1o be read from. '

A



using said start address; (e) sequenm ng said start address to produce a

second address of a second word in video nenory; (f) initiati ng -a- rmrmfry
cycle to wite the second color byte of said RGB data into said .video- A
menory using said second address; (g) @ sequencing said second address‘t‘o _

produce a third address of a third wor ¢+ i21 v deo nenory; and (h)

initiating a nenory cycle to wite the third color byte of said RGB data
into said video nenory using said third address. - 22 - 16. The

met hod according to G aim15 further conprising the step of: (i) o
repeating steps (a) through (h) for a next destination address provided by

said bus and next RG&5C1ata - a H}:ﬁ;ﬁ&t h?ﬂo@iﬁﬁh@ W Videonidi n%ﬁl Yi deo

0l splay o1 gnBASTALan G PaEREd @éémamom.&a?ﬁf&fé“ Tale tReB) (aska i deo
menory in Chpﬂé;epltédaroxi oanidus aineahashsf fbﬁﬂdtnmrsawﬁimem'ﬁ wordn sai d.
meirels! ProntBaibhgly AP UAL d PR A o phOE BELHER
address i n suideoi hemorymdnya Esries iof wandsigim chunky pyum: afommat
start addresgnt Qi & IV 6¢ _Mr@%é’ahéf&hg@ %Y da first word
that includes’ only first. color bytes, a second word that
| includes only second color bytes, and a third word that
includes only third color bytes, said method comprising
the steps of: ' -
(a) receiving a destination address from said \o/
bus; _ o : | | _ _
| (b)  translating said destination address to a
start address for said video memory, according to the
formula '
start=(3* Agar/4)
 where Nstart is saia start address of a block of said
video memory and Agq, is said destination address
provided by said bus; |
(c). obtaining a word of said RGB data from
said bus; : _
_ () initiating a memory cycle to write the
first color byte of said RGB data into said video memory | \J
us:.ng said start address, ' ' T
- (e) sequencing said start address to produce a’
second address of a second word in video memory;
(£) initiating a memory cycle to write -the.
second color byte of said RGB data into said video memory -
using said second address;

(9) sequencing said second address to produce
a third ‘address of a thirda word J.n video memory; and
(h)  initiating a memory cycle to write the

third color byte of said RGB data into said video memory

using said third address. - -
—_—
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- “merory;  (d) sequencing said start. address to produce a next address; (e)
repgggiﬁgﬁstep (c) twice to obtain second and third bytes of said RCB dat a;
%(f)-g'ftranslating said first, second and third bytes into bus format; (Q)

_ preseﬁ&ing said translated bytes to said bus. 19. The net hod accordi ng
to Caim18, wherein step (b) is perfornﬁdzécﬁording to the formula [err]
where Nstart is said start address and Addr is said bus address. 20. The

met hod according Caimegl9, = fher sethod -a&%raﬁ? dedi tlhimS AP NFuptles i rd
bytes. of RGB data afe reagPto ﬁald us address. Z1. The met hod according
to O aim20 wiRPEPRiEing ¥he s1ePef:| nc| udes the step of providing a

ground potential to by(#)| anerepeatbhgsatepsugapdthresgh?¢h) foifha nextod -

according to (%9! 1,3 Wher.ej ' kSia B 2 CATPRERT
provi ding a vi eo%ﬁ%ﬁ%cgzag}ee% gpgagﬁq‘éﬁor%o%g%r |ssp?g§ ?her eon,&s
sai d conputer ®@%&xng a NUBUS bus coupling a CPU to a video nenory, a nethod

of packing red, green and .blue (RGE) video data presented on said NUBUS on

a block in said video nenory in an effi.cient nner- so to elimnate
17. y The method according to c1§¥i 16, w eregn ,

said bus comprisesga-NUBUs.

18. 'In a computer providing a video display

signal in which red, green and blue (RGB) data is stored

_ in a video memory in chuhky planar format, a method of

o . reading'said RGB data from said memory to a 32-bit bus
| comprising the steps of: _

(a) receiving a bus address from said bus;

(b) translating' said bus address to a start
address in said video memory;

' (c) initiating a memory cycle at said start

address to obtain a byte  of s_aid RGB data from said
memory; S

_ (@) sequencing said start address to produce a
next address;'
(e) repeating step (c) twice to obtain second
~ and third bytes of said RGB data; '
(£)  translating said first, second and third
bytes into bus format; | _ . '
(g) presenting said translated bytes to said
bus.

19. Thg method_according to Claim 18, wherein
step (b) is performed according tq:the formula

_ . Nstart. = (3*Addr/4) .
where Ngiart is said start address and Agar ;s said bus

address.

20. The method according Claim. 19, wherein
N

A Ity .



vacancies of data in said nenory, sald met hod reorgani zi ng sai

vi deo nenory

i nto bl ocks having a first word, a second word, -and a thi

word, and al so having bytes |anes defined by bytes in said words, said
nethod conpri-sing the steps of: (a) cal cul ating a start address for
first word of a block in said menory fren23a-NUBUS address provided by said
NUBUS for the destination of the RGB video data; (b) witing a firs

byte of said
first word;

8 Bt JhctBl i A BeldR ol S R Hlod

d

fd>
R

w 3 ¢ .-

t

approprlatelgﬂesaxﬁmbuﬁ adddesscond word of said block of video menory;
and (d) ~witing a third byte of said RGB data to said appropriate byte

[ ane of said

third word of said block of video nmenory. -24- 24,

The

net hod ‘accordi ng to @Gk m 2Fhenhmethpds Aqronding atidr 6daims 201 whexedd in

step (a) acc@tHEpIg(£P fﬁﬁtﬁefn'ﬂhélﬁaéé] tﬁﬁers% rdd foéfaf!n@dg §§§uﬂﬁ said -

bl ock in said vid nor v. Is said ess pro y S
bus for the (?é’stﬁ'ﬁa’ﬁrf t%fbﬁ% %ed%ﬁ’é sa g Addre8sef Claim 2
further conprising the step of: (e) repeatlng steps (a) through (d) until

t he

22. The method according to Claim 21, wherein
said bus is a NUBUS.

ai d
3,

23. - In a computer providing ‘a video signall_ _
coupled to a CRT monitor for display thereon, saia -
computer having a NUBUS bus coupling a CPU to a videoi;'

memory, a method of paoking.red,_green and hlue.(RGB)

video data presented on said NUBUS on a block in saia
video memory in an efficient manner-so as to eliminate

vacancies of data in said memory, said method
reorganizing said video memory into blocks having a first

word, a second word, and a third word, and also having :
bytes lanes defined by bytes in said words, said method

comprising the steps of:
(a) calculating a st'art address for a first

word of a block in said memory from a NUBUS address -
provided by said NUBUS for the destination ‘of the RGB

video data;

an appropriate byte lane of said memory in said first
word;

said appropriate byte lane of s&id:second-word of said

block of video memory; and

(b)  writing a first byte of said RGB data to

(c) writing a second bYte of said RGB data to

(Q) writing a third byte of said RGB data to-
saiad appropriate byte lane of said third word of said

block of video memory.

AT
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"“block is filled with RGB data, so that the first word in video nmenory
contalns data for- a first color, the second word contains data for a second
:colo and third.word contains data for a third color. 26. An appar at us
for Mtl ng red, green and bl ue data mto&w deo nenory in a conputer
provi ding a V|deo signal - to a nonitor bstantially as herein
described with reference to the acconpanyi ng draw ngs. 27. A net hod of
witing red, green and blue data presented on a 32-bit bus into a video
menory in chunky pl ana#4 § or nefhe rmethodpaceerdingi tpnflaim B Wherein

signal, said ngfpdstaoetfddrSds Vid SodlEé el 4ed 0N éﬁ@ﬁr(é’}?%ccordlng to
the formula _
Netart = (3#NAD(20:2) /4)
where Ngi.,t is said address of said block in said video
memory and NAD is said NUBUS address provided by said bus
for the destination of the RGB data.

25. The method of Claim 23, further comprising the
step of:

(e) repeating steps (a) through (d) until the
block is filled with RGB data, so that the first word in -
video memory contains data for a first color, the second
word contains data for a second color, and thirda word
contains data for a thirad color.

26. An apparatus for writing red, green and
blue data into a video memory in a computer providing a
video signal to- a monitor, substantially as herein
described with reference to the accompanying drawings.

27. A method of writing red, green and blue
data presented on a 32-bit bus into a video memory in
chunky planar format in a computer providing a video

\;/ display signal, said method substantially as hereinbefore
described.

LN R



