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SYSTEM FOR ALLOW NG OF PROCESSOR TO OPERATE UNDER DI FFERENT TRANSFER

ALGORI THVS 5 BACKGROUND OF THE | NVENTI ON

1. FIELD OF THE | NVENTI ON This invention relates to the
field of input ﬁ@ﬂ&m(llc» processors for 10 printing appl ipgdhis®MS142and
nor e specifica&fljl i rect Menory Access (DwR) processggg usedy?o
drive print engyYSTEM FOR ALLOWING. VO PROCESSORITCDOPERATE UNDER DIFFERENTHERANSERReS S
of printing a ALGQRIHMS, 2 conputer systemto an attached printer
requires high perfornmance nmenory accessing operations. Current

printer drivers do not provide the required performance. The

di sadvantage of current printer driver systens can be understood by a
review of a conputer system and prlnter A conputer systemincludes a 20
central processing unit (CPU), HEACKGE N IOt is used to
execut e program instructions to perfornlfunctlons on data. The
processor acts on data stored in a nmenory such as a random access
menory (RAM and1{, EEﬁJ!!HﬂgE;ﬂNEENIKﬂ!the nmenory through a comuni cation
path known as a "bus. " A printer receives data fromthe
conputer systemand translates it into a raster image formfor

printing usi ng a prl rrrhzsriavaﬂnonTMaﬂaéltattr@nﬁéla%f mput/omgﬁwm c’ptr@@eéyowféme
processor th a. . devi (iﬁﬁl nterface or devig ontroller

coupled to t blPa"m'Pﬂ appiipationss apd mere §9§?'B?%|V Wn@ﬂ'eﬁt MQ“PWSA‘E@SS (D%Abe
printed, the progpsseds °ﬁﬁ§€mﬁ{%§mﬁ§e Agink§e file data fromthe menory to
us

t he 30 printer ‘driver using t e driver provides the bl ocks of
data to the print engine. If nore data is needed, the driver sends a

request to the p@cesm%% repeated requests interrupt other
processes of the processor d system perfornmance. To sol ve
such problens, the prior art provides device
15 The process of printing a file from a computer system to an attached
printer requires high performance memory accessing operations. Current

printer drivers do not provide the required performance.
The disadvantage of current printer driver systems can be understood by -

a review of a computer system and printer. A computer system includes a

20  central processing unit (CPU), often a microprocessor, that is used to execute
program instructions to perform functions on data. The processor acts on data
stored in a memory such as a random access memory (RAM) and
communicates with the memory through a communication path known as a
*bus."

25 A printer receives data from the computer system and translates it into a
raster image form for printing using a print engine. The print engine
communicates with the processor through a device interface or device
controller that is coupled to the bus. In simple prior art systems, when a file is to
be printed, the processor provides blocks of the file data from the memory to the

30 printer driver using the bus. The driver provides the blocks of data to the print
engine. If more data is needed, the driver sends a request to the processor.
Such repeated requests interrupt other processes of the processor and retard
system performance. To solve such problems, the prior art provides device
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I ntarfaces that can access nenory thensel ves wi t hout processor

I nterventi on. Such interfaces are known as direct nenory access (DVA)
controllers. A DVA controller is able to access nenory on its
own wi t hout processor intervention. Initially, prior art printer
drivers that could performDVA functions 5 only transferred I# uous
bl ocks of dat™OP¥ nory to the pri nt engine. In g%%? ¢ I ons,

other types of ifRbfatys ﬁ%%‘&% déb’ ? heﬁ@élv%@\mﬁbﬁt pHcessor intgFasntith.
necessary to deconpress th rom to retrieve

non- cont i guous %%R?@Feﬁéfﬁknw ﬁ%ﬂfﬁﬁ*&'ﬁﬁ?“?"! acepsadPMA)Contoliers. or ot her
conpl ex memory funchimma. com%ll&r ibgé)lff& aé&%s%&’ggm BwRARitH Ut g/AéegsBﬁt

are 10 optim zed for one of unct1 ons ere are no

control | ers thdbtegegntion. Initiglly, mr@gaarmdemmgs thegiceuld rastarax BMA fbtmct'ons
effectivel y? Perdriy %Héfhrrbalcgpﬁ%wcks of dat fig Sﬁeﬁﬁfﬁ 6 tﬂéjBﬁH é’r@n

Simlarly, there are no pri contro
to perform newsesmmapplications; atherdypesef memonedecass are required. thaxamrder lt

7L 119 =Y<L Gy AR, <h o B PO e, il

printing machi mon-eontiguous biasks lof datay esformgmémory teamenmary dracsfarssonothemage

o ocesai g t ho GoRRIBE Gy fefHbhe S Tng priof 85 o HFRAAE] pMSEAR e haters
t he $@ c oraptimized forionagef tHesefunations; but thare aré nerRMAtdontrgllersetbat cat a,
addresses 20 and control, data,there across. tﬁ?g[“ﬂ‘ﬁthz%ﬁgjedeo ocessor gnd

the system DS Rroghaymad-using Iagic! gperrterdosie AP fauliple, tyges o

conprises an memoapaccess fandtions! ISimitardy, there drédogsrivent BMA céntroliegethant a

bet ween t he ingart/og#ﬁg)ut device and the % th.(tanrg.rnerrnr%I sgb tantially

concurrent wi t FFaNRe adapted to perform, peymematy aceass inctings a5 Heededy | n t he

vi deo processor. 25Prior art prifthsy gystems A8 déstribisatin it folfowieseferenses

art ok o v B iRtee Nos e o S5y 48K B e |

hori zontal and pmthgcmhcrrthoS edhéuttentlyl plocesding ivét and secdmu séfbRimage

filtering of th |np pr&%’agconv rsron of . the YW 4: 2: 8|tal vi deo
MEN

i nput into one mashipg Somptises.g Wﬁ%ﬂ%ﬁ r.t 6pPRRIRS Pf 30
transfers of vip‘iﬁeessmb treofagt Bet ofsiiagardatd e sglaénﬁmemwy Lutﬁpte@md» storé ithe

specific registers that Qntrol dat a I‘F{ransf rs includi th confi guration
parameters of t3/¢ Wd;@@) dmage datsca ée'?i-’ﬁj ;Sraagsm"ana' apggdresses
- 2- 20 and control data there across. Both the video processor and the system

memory are coupled with the bus. The machine further comprises an
apparatus for transferring the second set of image data betwesn the
input/output device and the system memory substantially concurrent with the
first set of image data being processed in the video processor.

25 The Zoran ZR36120 Data Sheet describes a mukimedia controller for the
PCl bus. The device features include in part: interfacing to a YUV 4:2:2 digital
video bus; independent horizontal and vertical down scaling, with optional
horizontal filtering of the input image; conversion of the YUV 4:2:2 digital video
input into one of several pixel formats; and two DMA channels for burst

30 transfers of video and coded bit-stream. The device includes application
specific registers that control data transfers including: the configuration
parameters of the video source, the video display, and masking maps.

-2-
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In WS +#Patent No. 5,276,781 Chang et al. describe a frame buffer used
by a laser printer controller to send video signals to a |l aser printer

engi ne. The di rension of the frame buffer can be controlled by
software. The franme buffer all ows for hardware assisted nenory erase.
Chang et al. &godefl ning the 5 starting address, andp¢frgssynins of
different data cgrkr)]:l)onents for the frane buffer. In U S.

Patent No. 4, 984, 182IrChHSgPatenaNo 8276, 78 Chahg atal. (destrbe aframe buffer yged

The  © 't ame BpRessHerier coniplfeio ssg ks sbfied o 8 BkertrfioSindifel, The
| O?Ei ng of the 1&meri‘sro?ﬂ6f thﬁfffagﬁe pufiert cmlge mgtr(illadabp softwarer oThe frame buffer
sof t war e. at en a
di gi tal copier Takilis for hard\%arpﬁé ?f’a?‘&"wy ghﬁ@ %%ﬁ&}as %srq?ihg (%E@ﬁ{?‘ ?or
storing imagg daét%rtm‘"g’ibaﬂﬁeﬁt and the $ikzes fofirdifferentidata componentsgfon therrame
controller to control the flow of |Imge data as I nstructed by an MPU.

15 In U SPuUiftent No. 5,463, 743 Gal | oway descri bes a nmethod for

actively pat chilp@ §CPhtdm Wer 084, 183 Ohidfily 2 2. ddseribe fa ﬂrahecwﬁer useg
val ues assigned to gueues for tagged &eeue

of the SCSI prock¥ gdas?rmter Contfq'ﬂrsﬁﬁﬂﬂq ? é'ﬁﬂ?ﬁ%‘?ﬁ'@ﬁgr%ﬁ@' %‘&'Bﬁ' HJP%e

tag val ue is patghgd gitdWeakl 'vtauﬁién%ﬁms are sohh@ré 8&RtoliabR) | The foudiriy btthef

the address of a junp 1nstruction. Teu point to the
begi nni ng oft0a JU&W&%‘%W'@?&W’?’% ﬁ?y*ﬁn%e. s a junp

instruction to the Sg@g.fécﬁaféh'im Be, P s&muwal %sém@acan iancapieeaeing

case, speci al operations are directly devi ce

h
driver and the a lasersasd qyﬂlbemal(ﬁipvnﬁ)mdwfﬁ@'&%‘ﬁﬂeﬂﬂméﬁﬁl eaéﬁa? Eakat
transfers and si g idiher dascribEhhg SSMAZHrt@IEY oUohiofBediow gPimdyd SREEED

SCSI 1/ 0O Processor rporation t I ncl udes a DVA interface
to al | ow noveneninstuctedihy an MPU bet ween t he SCSI devi ces and host conputer

TomOry W Ehqel oSt A5 Pfent No, 5485 T4 TAGHRy dUSrBaE El fetodirrcicthay

as including the capabi I nstruct | ons ipn |ocal

. menmory associ at-epatghing SG(SI mor ms ructions. ln p,{lrg casepiag Malugs assigned 19,9
Kayama et al .

P ocoases daia SEPPUSE Tordabeif Yol bRttech are ARt SOSOEREERLor iG]

received, it is. jrstmetion engths eWhsh refae&dted:éham walue is pajched or openuiten Af

et by “CEAEEAGTRaRPAE o el 51005 $fichih T dppor s
t he 20 point to the beginning of a jump table. Eagh entry in the jump table ﬂ@\ﬂ }ymp
received data st gl o B Sefienkd 16 4 Parblidl GHelE 8P thrBEGS H %6kBAd case,
special SCSI operations are directly handled by the host device driver and the
SCS| processor only performs conventional data transfers and similar
operations. Galloway also describes the 53C710 SCS! I/O Processor from
25 NCR Corporation that includes a DMA interface to allow movement of data
between the SCSI devices and host computer memory without host processor
intervention. The 53C710 is described as including the capability of storing
SCRIPTS instructions in local memory associated with the 53C710.
in U.S. Patent No. 5,197,129 Kayama et al. describes an input/output
30 device with a processor which processes data strings received by the device.
When a data string is received, it is passed to a serial interface and a timing
means. The serial interface generates a signal which interrupts the existing
processing by the processor and causes the process to start processing of the

-3
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|l ength of the data string and conpares it with a predeterm ned | ength set
by user-controllable data setting neans. |If the data string | ength
reaches the predeterm ned | ength, the processor is triggered to stop
processing the new 5 data string and to reconmence the processing it was

perform ng pr, i nterruption. In U S Patent No.
5,163, 123 Kac}gﬁgui?g?crl bes an imge form ng appar at us RCIUSPULL | ng

i mge data Sentnévﬂ? fﬁ%t%i\/é‘d‘&é‘lrar@lhn Eﬁé‘rtﬁé §§m\éhirﬁ5' the tlmiri%ﬂ{e%s%eééiﬁSE ot

i mge data on pag aratu I nc es a nory to store
dot i mage data '8h9 'Brfg ag@taﬁérm awfcemmﬁwmbasqrsﬂetemned lengthy aetdgey

data of a pfedQlﬁriﬁbﬂﬁ'gll?dlgan*%eéegtﬁd‘ﬁ\éﬁgelfftﬂérﬂaﬁé’ s@@?qarléﬁd’lﬁ redShes the

|mage data are read out map nenor In a one scan |1 ne

?nd ) are vﬂfpgf'éﬁ“lﬂﬁdt Ieagtbuftherprmaspy js umemd to stopeproweasingdhe awaw out
i gnal s giner e DGR Yo Hcorirends] s bECesdng 'Y BhriphEindCorer 1O N

4,809,216 Lai deweiupben. a print engine data i nterface for

Cetr oving oo P .50 FERTNG. T fep dpa R&HS deshfiBed S nadS foming,
subsequent pri rappagatusrior receivingrimageudata sentefromsan extaraat apparatis egHich he
count.er 20 ener at es .gddress | ocat ‘é’éns | E‘ét he

data. A bit mag I
full page bit rrggggﬁgt' age ot 'maggrﬂﬁt%é"\j%%pfr © ARpURuS ipcludes &
scan of f set0ad] memosjnto smre:dmt mageﬁatbmﬂ&he pageidnd @ buffer meaiore i stoé dot

read/ wite arbi, C G, nd t he address counter
are provided sdﬁ\aﬁgt %r?'ﬁpe ﬂ%‘?ﬁ"ﬁ an{"‘Pa'E%Q?n o[ming - arRaratus, debs s
| ocations for rlmagé\data ardw‘adlomﬂonﬂh%tbmabmémwllﬂhlmd)frtﬁ'ldsb%{nl IMeSarid® be

25 f ded to_the pri Pat ent No. _4, 821, 180
Goroty o al. RIS I tnes Bitel memayy, o ot image, elp arniRect o fram the

whi ch |ncI udes mffeemmwmrérawmarw intdradnigit. A start $i§R4195 GeRedaied
nd prograns, a device bus i nterface.

gener al f speim fic comTP
The appara ?1 grﬁY%ﬁB% RS intercept aI | communi cation signals 30
bet ween the DIVA conlanJS PatentiNe. mosmemaegcrmca:pﬁmeéhguﬁ@aaw inferface

In US. Patent. ,No. 5 3 $um et al scr i be a print control
apparatus for (QESG@YET "%FPH?%'“J&“‘“?'B‘P%%@ it B?Q?\P'HBFBG?" pitheretjeving
command dhé dagetieréinashdiorea/inpititefa pr’n‘h%ﬂ@iﬂenfor(‘s‘%éé@ierﬂlfﬁ?ﬁ\hﬁéuér

i'ncludes a lin

segnent data c gﬂ(/@ﬁ'é'f‘g R (Riteshreammand & refiash dhediata Ad@h@\aatwresmwmer

data to suggesgjenerflesadareds 1béatRns 98 1Re tuldgdgd Biiiﬁ%hdmat% ?ﬂﬂoéﬁdlhé’ﬂa d a
length in a raiter direction, and a raster |nage data conversionunit ftor

converting the nteace anceRsesiath sean fiset adjugirgentdeirauibins eembinatiencwith a
printing 5 irefresh &Ad ¥B&kAwYitd AbitPdtioht BGic circuit and the bit map address counter

are provided so that the print engine data interface only accesses address
locations for read/write retrieval that contain printing instructions to be
25 forwarded to the print engine.

In U.S. Patent No. 4,821,180 Gerety et al. describe an apparatus for use
with a DMA controlier which includes a device interface controlier having
therein both general and specific command programs, and a device bus
interface. The apparatus is arranged to intercept all communication signals

30  between the DMA controller and a microcomputer associated therewith.

In U.S. Patent No. 5,315,691 Sumiya et al. describe a print control
apparatus for use with a printer for forming a print output based on command
data generated by a computer. The print control apparatus includes a line

-4~
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In U S -“Patent No. 4,992,958 and 5, 058, 037 Kageyama et al. describe a
printer controller which receives a command series containing a draw ng
command for instructing a drawi ng operation, and also a printing command

for instructing a printing operation, the comrand series being
transmtted fr%%;% host conputer, there are enployed a CepriRémaia
processing unit & nmenory unit, and a command buffer unit for

storing the commaggmagf i uaﬁa éaﬁv&s%g@nn for com&ﬁmg cumiputdrogersdrateidngomimanal
pages of drawn dot”inage data faqrne

process unit exe@atato %‘&Q?sﬁ'vﬁé!!ﬂcﬁﬁﬁt s?ﬁ'ﬂﬁ?‘aﬁ’ﬁ‘ta a‘each’ ad’r‘"%?e%%?‘foﬁ"eg{ié%
draw ng conmand ?é}@twr.hnélﬂagt&omﬁna%rw @r ﬂavstéxg.magek dkita cdmdrsiorprumt ifory

task respectively, "and a task control ram f or performng a .

control for pr océQQY%"QH@P%%ﬁEH@P%dg Ss’aF'ﬁ"f'ﬂ? Pa@xpﬁ%c@%g"hfﬁhoﬁ&@ﬁb
in US Paterg M;&, ([describes a page printer includi ng a
print engine and a control I'er \Xﬁm‘?} I ncl udes a non-volatile neno

an EEPROM and dndihSp Pratent Ne. rﬂ.&%ﬂ%é@g SN58,03E Kageyripa @t ?/ﬁqS&T‘f’e 2
20 the |
The 0% *eepronPIRiE Eddler \ihin foceos 7 iritnahg el Bot@iring € drEWwg/

control block  commandl tordasteucting raa@rewm;r epesatiom;rancd-ase raoﬂ’ﬂfmﬂgc‘?@“i“ﬁéf‘ga%
poi nters indicat '#Qrutcﬂ nnt!r{qogﬁérhﬁ&? th% éoptﬁ'né'i‘?{' ﬁéé‘ﬁéiﬂﬁ t?ﬁ@?ﬁxﬁe%ﬁfn‘i‘a

data is stored. oca e val ue of
pointer to ttht Ihostacomputes'. thexaard employed at erntead prowangeﬂnlbﬁnﬁt% "BQJ'"SW

P eV ousLY U eSO il AR U ok igPERRS smmang series it a page
controll ed by reguffeeunitafor istodng plurat pagss iof al¥awn o imagecdatay hrmé in’ the
Feauired by wifTEh onalPiepeRs it SiScdg hlP A tad (BlocBRg program
controller are 3@or exkiting tthel dﬁﬂnﬁg ddmamand antl printing comroand as ¢t drayyieg itask
Lypes, of 10 M (AR E o ek ShRofihg R SRA BB o ot barifg e
changed to perf onaslcmmﬂoetm'l processing thatrespective tasks #7 this taisly processmprogram. -
PLoOTATTb! & DV CoNt 3, < ek g 845 BROUE ebinbes S pags iy g
to performa w derint englnbadrﬁﬁa@omm whictidhclutesagion-valatie rmemory having an
E;,her eby provi de %ﬁ&“&ngemﬁwt ﬁic}%%%hﬁ S Sng?achﬁ%lerﬂgﬁg es
i nvention is2@ ptiegrplacathest bf Qapd s the EEPREM ofathiedesn-aolatile memory. The
EEPROM and the associated chip RAM are structured to have a control block
and a data storage portion. The control block includes pointers indicating the
jocations in the non-volatile memory where data is stored. If a data location
becomes faulty, the value of the pointer to that location is changed so that the
25 pointer points to a previously unused portion of the nonvolatile memory.

The limited flexibility provided by prior art DMA controllers that are only
controlled by register based parameters is inadequate to perform the
compression, duplexing, and other non-contiguous functions that are required
by many complex computer systems. Another type of DMA controller are

30 dedicated ASICs that are hardwired to perform specific types of DMA transfers.
Such ASIC DMA controllers are limited by the hardwired control program and
by definition this program cannot be changed to perform completely different

transfer algorithms. A programmable DMA controller with greater flexibility is

~5-
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general ol ution nethod and apparatus for transferring data on a bus

w t hout requiring CPU control. The invention is a specialized
processor that uses an 10 instruction set dedicated to noving data
efficiently over a bus. One enbodi nent DVA controller of the present
I nvention conpri ses a program menory, a program counter a FlI FO
nmenory, a bus ¥ registers, accumul at or, and §9713443

Fol | owi ng i nstr ugfé’&'ﬁ%"?%@*ﬂ%‘ﬁra" bryProg s by 38 viﬁiﬁ%rf'giﬁsz““?e

branch on not ZzZ@nge d)focdimplmddatat transder .algorithtnsr aedﬁbdrabgnprovrde a generah
SI MD processor al | e In operation, in one
enbodi nment , é?{ﬁ’t%%ﬁg 'SPBMﬂﬁst o] the DVA controller. The

DVA controller stores these prograns in its program menory. The CPU
signals the.DVA controller to b mﬁm operation. The ALU
and associ a?ed devi ces execute M@%ﬁl ' to performthe
desired DVA transfer. The DVA controller then sends an interrupt to

t he CPUtoindicate he DVA .t.ransfer, i s conpl et The .
applications for thd Brpegﬁ?ﬂt 'FY‘R’é'm'i 1B W%Wﬁgﬁ VQrprapesser thatpropides a -

as the instructgeneraledolutiorometitsd ahd apphratad fortransférfing Gatd oxta Bls awifPldot 25
controller printer drlcﬁéb i ncl fill and menory copy o erat i ons,

d
dupl ex_printind® qHiURg oo a?f&edF'Y tiop isr2 sRegiRlizesrpypeessor thatuses asent

invention PYA dastroctiorerset! Howatdd b ' MBVIrRY Hatd érﬂcnahﬂgremrea bsoughngew
programmi ng as new m;es of applicatiaons are devel oped

BRI EF DESCRI PTI¥RP opteoller of the present invgptien Por@r1§65| drogramlr am
of a conputer w&hﬁ%\’\htﬁobﬂﬁn%&ﬁﬁwlﬂlm memor?'\/a 5@ busrel efeg‘i’étewean
ev

present invention ure 2. is a high el bl ock 'di agram’of the
pr ogr ammabl e Decumulatoso@ndolane ALLE t Fhe refasrad iambediment DMA controller

Figure 3 is a dasmidtiof et %haghsag rﬁéndnwrr@nerrearo%@msa@ % C&ﬁmrt Ot L

of the present invention; ure 4 is af
system | evd® optipaeh on ze70, brangly on rmt@grcadqdbra@domrwht Asothar eshbediment

Fer\a/E ﬁ[l‘_'lf G'\anent | @¥ds a SIMD processor in the DMA coh¥difdir-.ED DESCRI PTI ON OF THE

In operation, in one embodiment, a CPU downloads DMA programs to -
‘the DMA controller. The DMA controller stores these programs in its program -
" memory. The CPU signals the DMA controller to begin a DMA transfer
20 operation. The ALU and associated devices execute the program rnstructions
to perform the desired DMA transfer. The DMA controller then sends an
interrupt to the CPU to indicate the DMA transfer is complete.
The applications for the present invention DMA controller are as flexible
as the Instruction set. Examples of application in the context of a DMA
25 controller printer driver incilude memory fill and memory copy operations,
duplex printing, DMA chaining, and driving an image compressor. The present
invention DMA controller allows DMA transfers to be programmed through new
programming as new types of applications are developed.

30
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The ipresent invention is directed to a programmble I/O processor for 15
printing applications. In the follow ng description, nunerous specific

details are set forth in order to provide a nore thorough

under st andi ng of the present invention. It will be apparent, however,
to one skilledy 2§gart, that the present i nvention npyrBSysie
practiced wt h?)dlﬂh{l e specific details. In other instances,

wel | -known features have not BgfEF DESORIPTHON OFEHEIDRAWINGSer not to 20
unnecessarily obscure the present 1nvention. The present
I nventi on programrmable 1/ 0O processor provides a general solution to

data transfer appli caiif?@m i2Va BRCK diayratadif @rdcribRBPSRISIAWith the programmable
progr amabl e by Bﬁu 0 FxLe??ﬂ;te exi sting and future DVA transfer
applications. 25 controlley ¢f the pregent 'BY%!H?"di agram of a conputer system
with a DVA centroll ergj 2 & al RghPI, ' AfNot hé Prbhratirhabie DMKV
El enent 104 is a chi p'glg{e 2 s@Bpﬁ?Fnﬂg‘)d&H 02 and isrﬂé’ogpl ed to CPU
102. El ement 106cpRtrellengfhthiepresent invendiofye el enent and is coupled to Chip

Set 104. Element 108 g ' 3 : |

Chip Set 104. E errent#'qli%r?_ﬁuétg’led bl°8§?“é%ﬁ%“@nﬂ%§'ﬁ%‘1’§emg¥% ﬁfe}Oﬁé}
present inventi off therRresentdnvantion: 1/ O bus 108. In the preferred
enbodi ment of the pr I pwenti eiarCant I Lael id hiS
own program nenory 23@.60% e‘r:'e'%t L1§§wi S ancpféi’ghéﬁﬁtgf“ ialﬁgelljo%erﬁlﬁéﬁ'cgﬁgh%d
to programeifl e prgrammabis DMA comtrolier of thecpresentinverition. f or

-7- exanpl e, a synchronous FIFO interface capable of driving
a print engine, such as a laser printer. In operation, a
user may, for exanple, enteDETAILERDDESCRIRKON O H INVEN t he program
required to execute the DVA transfer is not already |oaded in DVA 5
controller 110, then CPU 102 may downl oad the required DVA transfer

program and par anet erkhe prigentihventioreis direttadito s programmabilgnl/Coptaceisser for

10. ont.L.Q): .execit . ransfe rogr n l.rect!ly
accesses 15 &, i BpuGE LR roiifvbb ek iRh byBhRr MentP e e
Syst em nenory set fdth in ordsrttbeprovidet a8 gnoresthorougin understanding ob ltbe lpresént
menory, to I/0O Channgl 10 . 112. The data may then he furthe rocessed
bef or &' bei ng ¢ r aRANE:qlt gl B8 appareny Hievargo hBe aiiee it e i, 4B B BEent
%1 her applt icati oimrefttim deenche lwnbticadgrimlthese ?pecltf'fct dethilhellmother instances,
e invention results in r ogr gmrabl e cqntr L. e.i,nvention
i s under st ood byWth'nggeg r ﬁl?r‘(@t P%Q\eﬂgﬂl 88%‘“&%@#%#?%" AngRrderynot 1.
of 15 pr o@0am unsécesshrilgrubscurelthblpredentinvdation ed diagramin Figure 3, a
system | evel flom chart in Fir?ure 4, and ?eY(araI exanlpl es, of uses of
the invention in e present invention programmable /O processor provides a general

solution to data transfer applications by using a dedicated processor

programmable by a CPU to execute existing and future DMA transfer
applications.

25 Figure 1 is a block diagram of a computer system with a DMA controller
of the present invention. Element 102 is a CPU. Element 104 is a chip set
supporting CPU 102 and is coupled to CPU 102. Element 106 is a memory
storage element and is coupled to Chip Set 104. Element 108 is an input
output (I/0) bus and is coupled to Chip Set 104. Element 110 is a

30 programmable DMA controller of the present invention, and is coupled to {/O
bus 108. In the preferred embodiment of the present invention, DMA Controller
110 includes its own program memory 228. Element 112 is an I/O channel and
is coupled to programmable DMA controller 110. /O Channel 112 is, for
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per fiormng nmenory accesses. These exanpl es include DVA chai ni ng,

menory copy, and nenory fill. Referring first to Figure 2, a
bl ock di agram of the DVA controller of Figure 20 1 is illustrated.
El emrents 210, 212, 214, and 216 are 64-bit general purpose regi sters

that are used to cgntrol and track progranmabl e DVA contr ol lr%rr
oper ati ons. BYQMAI30218 i s an accunulator. Elenment 230 is a eﬁsf).ﬁlesrlg

component |1t CghapipRs a bydditodoud g Mlorfied BabRblelorChiviAg a Brint BrginepsmiA ant

to the PCl Local Bus Specification Revision 2.1. Elenent” 224 is a PC
buf fer. 25  Elasrel@seppintes an Arithmetic Logic Unit ("ALU'). El enent 222

's a First In Firsty gperatidhita %f'ﬂy.Wéﬁplgj Ph cOffnartd f PR M8 1f
counter register. e connections shown in Figure hi %le’vglt |

the flow of DvAhe prgremrrequired toyexenute tresDMAdransfer is ot akeasiloaded nHPM
Froure 3. P og S ERhtaD: J0g", Sry, Agp MY, Sghisly B diiad, EAMA Mkéster
Bus 230 is coupdregranpamipammsters. 2@38 102 isguesrastart signal 20 PMA ceoligllesd 100

FI FO 222, Regqi S 8
and FI 7O 220 EAGRNRERy 10 exeeifes e A il Brogram, and ELER) &bclsce

- 8- Systemanemohal08. DMA centrollgs| 140 transfdre datepfromoBystetd rbatoryand
t he out put of 20. .S cou t .
noted above. t HPEoRARRer eartBupaR Bt Fep:c Sl RBL offbmony.tp VO Charfidl
preferred eobodit2ZenThe Riatgmaay Wemoby faiter prodestegi beferes bRidg ttansrhitted3o a
Reql stere - RUBLSRGInG ghch s 4 jepspptinten. Otes cpBicais Hee JosRtn srprter .o
addr ess padethibbeloo nmenory, as | oop counters, and as gathering

59 S 1 o Tog vnioR sl ot DRI St hCiboi -
logic, and rel dgamdenstscd byneferdiice 1o dunetiontbblock Yigyram mcFigard 2 Eehiof
Phe) o Phoretrem twious i e Hebhin HL g 5, 395
i ncl udi ng f¥om . ; en
perforning sucHicwahat i Figireasdahd Woveral examiles asft ises of thé tinvedtiorainl
shift right. These operations are perforged, for ,ex[a\%l o 1 ncy enent
and decrement RRIIUEURG MMM RFGESSR%<r JNESQ Sfamplgs ipglu n%e"@wm'

operations. PCimBmioheéopi? anBirAemessilist orage for information
transferred via PCl _Bus 230. Program I\/Ermrﬁ 228 stores_the DVA Coné;_i(él ler

prograns that cont r Referrag firsite Figyea 2.a blogk diagsam ol the, DMA senteqligy ahigre

Program Meppry £i3iostateal SErhentd210p212t 210N aind2 1 are B4 bitBysrieral putposad
FI FO 222. Program Counter 226 stores the address of the nmory | ocati 20
cont ai ni ng t he "egistersy hat Aavei ysad: tr cpatiok B"‘Béf@i‘eemr‘gﬁ’(‘? #Mé@ﬂtﬂg{&bm
operations. Element 218 is an accumulator. Element 230 is a Peripheral
Component Interconnect ("PCI*) bus, for example, a 33 MHz PCl bus compliant
to the PCI Local Bus Specification Revision 2.1. Element 224 is a PCl buffer.
25 Element 220 is an Arithmetic Logic Unit ("ALU"). Element 222 is a First In First
" Out (FIFO) memory. Element 226 is a program counter register.
The connections shown in Figure 2 highlight the flow of DMA transfer
‘parameters and data in the DMA controller. Detailed connections between the
DMA controller are illustrated in Figure 3. Program Counter 226 is coupled to
30 Program Memory 228. PCIl Bus 230 is coupled to PCI Buffer 224. PCI Buffer
224 is coupled to FIFO 222, Registers RO 210, R1 212, R2 214, R3 216,
Accumulator 218 and FIFQO 222. |/O Channel 212 is coupled to FIFO 222.
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Contirol |-er' s progress through the program To take advantage of the
programmabl e DMA of the present invention, an instruction set has been
devel oped that is used to create progranms for execution by a DMA. This

instruction set is illustrated below in Table 1. 25

- 9- 2630 TABlgeriusomnaidz

| NSTRUCTI ONS wo i OPERANDS MACHI NE LANGUAGE
LOAD AccumulatdP2 e ¢ w&@ the input of ALU 220, and@hé oOtpbof AbUe229
-From source, ACC Dest| nati on2 MOVE

_Buffer to Bus Iscoupledto Accumula q; -

-Bus to Buffer As noted above, mm dontroiler has its own program memory 228. In
-FIFO to Buffer
-Buffer to FI FO the preferred embodlmgm, prgram Memory 228, and Registers R0 210, R1

- g‘éfo ter }30 f $E§ 212, R2 214, and R3 ﬂ@lalﬂ&s%ﬁ%é rF’d:l configuration space. Registers
- o Bu

-DVMAWR (FI FO to HIR)R10, R1 212, R2 g@&, ggdda)'s 218 are u].|sed for example, as address
- DMARD (Bus to F'p@@\t)ers to memory, %gilojo}rlggumg s, and as gathering registers for byte

-DVAFI LL (REG to rerert
- oper and operations. Data is trangferred betvqg’ePpé pffer 224 and /0O channel 112
e B lated o ions.
psel [err] through FIFO 222. ALUGZY ﬁéﬁbﬂsearrlr'c?metlc. logic, and related opétati

Accumulator 218 provides a temporary storage register for the resuits of
arithmetic or logic operations, including from ALU 220. For example, ALU 220
uses Accumulator 218 when performing such operations as addition,
subtraction, shift left and shift right. These operations are performed, for
example, to increment and decrement addresses and loop counters, as well as
- 15 in byte shift operations. PCl Buffer 224 provides storage for information
transferred via PCI Bus 230. Program Memory 228 stores the DMA Controller
programs that control the DMA transfers. The control program stored in
Program Memory 228 controls all the operations between PC! Buffer 224 and
FIFO 222. Program Counter 226 stores the address of the memory location
20 containing the next program instruction to be executed, and tracks the DMA
Controller's progress through the program. To take advantage of the
programmable DMA of the present invention, an instruction set has been
developed that is used to create programs for execution by a DMA. This
instruction set is illustrated below in Table 1.
25

~g-
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100 Addr6
101 Addr[err]
110 0 Mask7

4 SRC.
= Qperand is absolute val ue from

MACHINE LANGUAGENT Ougn

000 0 Source?

BZ -To address

BNZ -To address

LOCK - LOAORD, WMask

- H WORD, Mask 110 1 Mask7 | NT

111---- [err 1 Source may be any of the foll ow ng val ues: 10
Desti nati on M”b‘é"any of the preceding Source val ues excl uBFHYSY#3142q 13
3 Rsel: 15 [BELE 1

[err] 5 Opsel: 20 0

opcode = er an © Addr

o S N TRUCTIONS-P ﬁaﬁ_ﬂwﬁé

1 =do not |oad MR e into BUFF RTo ACC, source ~

- 10- Fremppyees fPCct | on transf

9pQ1 Regtigatiop? o1 oy

Accunul ator 2
conponents, f
in TABLE 1, t
of conponents

IMOVE he

br exanpl e,
he MOVE conmmand
i ncludi ng for

ND\/

-Biifel oBUEi on npves dat a
-Basto BferBuf f er 224 to H

-FIFOtBuffloe used t o nove
-Buffer to FIFO

loet ogan desi gnat ed
@2, As indicated

@t et bet ween a nunber
001011 —

10

-Buffer to REG 001 10 0 Rseld
-REG to Buffer : 001 10 1 Rseld
-DMAWR {FIFO fo Bus) 001 11 00 ---
-DMARD (Bus to FIFO) 001 11 10 ---
-DMAFILL (REG to Bus) 001 11 01 Sred

ADD -operand 010 - -- Opsel®
-A3

sSuUB -operand 011 -- - Opsel®
-A3

BZ -To address 100 Addré

BNZ -To address 101 Addr®

LOCK -LOWORD, Mask 110 0 Mask?
-HIWORD, Mask 110 1 Mask?

INT 111 == e

1 Source may be any of the following values:

0=B0_LO 5=B2_H 10=R2 15 = ADD_COUNT

1=BO_HI 8=B3_L0 11=R3

2=BLLO 7=8B3_Hi 12=ACC BYTE SHL

3=B1_HI 8=R0 13=ACC BYTE SHR

4=B2_10 g=R1 14 = XFR_COUNT

2 Destination may be any of the preceding Source values excluding 12, and 13.

3 Rsel:

15

20

25

0 =BO_HI, BO_LO <=> R1, RO
1=B1_HI, B1_LO <=>R1,R0
2=B2_HI, B2_LO <=> R1, RO
3=B3_H!, B3_LO <=>R1, R0
4 SRC:
0=R1,R0
1=B0_H!, BO LO
5 Opsel:

O = Operand is absolute value from opcode

1 = Operand from A3
6 Addr:

O through 31.
7Mask:

= load byte from FIFO to BUFFER

1 = do not load byte intoc BUFFER.

-10~
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5 exanpre, PCl Buffer 224, System Menory 106, FIFO 222, and Registers RO
210, Rl 212, R2 214, and R3 216. The PCl Buffer 224 to Register MOVE, and
the Register to PCl Buffer 224 use the operand Rsel as described above in

not e 3. For exanple, Rsel = 0 defines a transfer between the BO_HI,
BO_LO buffer | s and Registers RO 210 and Rl 212. Theghi di ng
Rsel determ nes Qﬁ"ﬁ% direction of the transfer. The DVAWR KH]I‘:JSHBP&

instruction is a DVATHEI LGAD instrudtiohl Wansiers ddtaab oriivea Atcumdiatom2IBFOTBE 2

uhi ch moves dai MOVEPBRIR moves dsl) elyae dresesatecmppRanIs. IRCRanbR,

i nstructi on noveépntl RO Bulemm2® n#d:tzz. As mdﬁ!atb‘d?lﬁ TSQB!.!Eiﬂ,QhéWVEQfommam ed
above in note 1 to PCl Buys 230. The s 64

rc 15 operand q nfd
Conpri Sod of -t viGa8De USSP ROKe dake BeRwaRn A humber ghEampoRBHise Mcldding Yor
The ACD i nst uc dx@ASCRC] BESPRENSFtEin NEMTY! 1060 IR 22t Whd Aolsters RO

operand of the inst tion an absol ute val ue caont ent

of Regi st e1R3R11312, F@ 214.andyR3 216. Ibe ?Gkg'l‘fﬁﬁfta?éﬁos%ﬂ'ﬂ&éf‘@yﬁoﬁﬁ‘@ he
contents of 20 ﬁ&ﬂé?&ﬁt@fpé M%Q%@qg? rahB‘héeﬁ‘ﬁé 'ﬂugéﬁlﬁa é]W%QH riotd’

be an absol ute al ue or e content egls er

i nstruction brafehEer example, Rsel = Rflafines astsansfer, 'éQiWE9"1“F%B(9pH LG buffer
val ue of Accunul‘%; %Enta %dls?e%eﬁﬁ 21¢_ Qﬁﬁ R12 §N¥h? rbﬁtﬂrHEégn‘?gE HQP??&QEQT%Q thée

address specifie erand i ue 0

not zero. Th@ Ldmectmetofumeu trangfeovi The WAM MOVE instructionds adaMPomn}e
the selected by a | t

one bit per byt téﬁéwg}_ggx‘gﬁéﬁ rﬂg‘gésvgglu ﬂo@%f%Z?%éﬁsﬁglﬁ?hs{%ﬂ( I gﬁ%tﬁMARD
si gni fi cant MeyEemsnuctnon isi 2 DM road lingtrustion twhichh movgytdata o RGINGus

| oaded into PCl f,[,q:ﬁ;:o 222, 2%9 dm(ﬁgﬁrmo@%t ﬁsttl?gl*% r%vé'se@ﬂaq}bﬁnﬁghfmﬁ%

222 since FIFO accesSses are
i nstruction sen@ouice isterageunegisiérs listed Ealn@veso nge 1 A RG! RBus|23thowhe Srene

oo ocen™t 18X, gl 54 bhe o SRS CombRGETS & 224y worgs b ilived
bl ock di agram ofnotehd ahowéer red enmbodi nent programmabl e DVA controller
Ppgl e Present ThvengR and) bR 3e8 dfe; cantents of Aeamyiater 21 Soine
230, and el ementoperand 87 the instrabtiors (\ﬂhlﬁn-dantbe ahabsolute valuetbe thentcoltedt o a
T R T e T e e
and MASK_ L2814 Acegmadlatos 2d 8f thecopdrantl of therihstrudtiont (whlchrwahl be amoabsolutent
nekCL Saa o VEheCo o veRa Sl i 2100 bl Rausbe iBER S ipo
| nt erconnect 37 addfyssgspeeified byt the opdrand if tee!phiae of Acculmld?onoaiam ﬁbmsor'l]he
228. H ement 31%?&%3 mct%%cgr%%chgsct%dt 3 ath?es%ps%rec 98 rt]>y the operand if the value of
Accumulator 218 is not zero. The LOCK instruction provides a mask function to
25 load only the selected bytes. The Mask operand in note 7 is a 4-bit mask, with
one bit per byte, for example, a value of 1110 loads only the least significant
byte. A "1"in the Mask prevents that byte from being loaded into PCl Buffer
224, howaever, data is still read out of FIFO 222 since FIFO 222 accesses are
always 64 bits at a time. The INT instruction sends an interrupt via PCl Bus 230.
30 As is well known to one of ordinary skill in the art, the present invention may
also be designed to execute other instructions.
Figure 3 is a detailed block diagram of the preferred embodiment

programmable DMA controller of the present invention. Element 310 is a PCI

-11-
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codes fr.om Program Menory 228 to serve as instructions for the DVA 10
Controller. Opcode Decode 316 is coupled to Program Menory 228 and PCl

DVA Engi ne 310. El enment 318, Conp Zero, is a binary conparator circuit that
conpares input data to an all-zero val ue. If the input equals zero, e.g.

true, then the output value is set to "1.0 If the input_val ue does not
equal zero t h¥RB/HRe30 output value is set to '0." Conp Z 13142

coupl ed to Progy e r nt
350 SH is a s pﬁﬁgé& 0&%@9 i\;}ttf\gﬁgar@égafea tozﬁéf Bys 230, and elefnbR{™®

Acculrruljat or 21§7O,I':Wbtﬁbr§ ae&atzblt itprconnect. Higment3Zphis a agwbdantanmmpban@m is
A 0

coupled {0 Ac b rfdonih 00 Blent B2 ORSICHHTb GO g

Buffer 20 224is EMﬁﬁfﬁ.tLQsaglstADDThe MASK Fd312 and MASIAIO 84 registers defineent

325 3B IS e e SPLIRETHRIVIHETAL BRI L cHRoR 2o 85mth, ¢ o

%Jg 3?(1§r agguﬁteMﬁs?lgiHFG% 5'88 coagléd t6UAASHG LiOs 334 sanﬁgl::tarbem;em .'Hag |r EZ?gaRB

to store the sf"&eg“wn%e'sM‘% @c'f?tqrﬁmﬂé&ﬁ%t’s ARG ?3&5' fq{ eé coup

operation. Xf rtﬁmgra&aaegtfépaia] ﬁ?gnﬁ@t&%&dda&?é%ﬁe detduigscthg dperation

Add_Count 360 Zer

Regi sters RO 25%8&%{ %‘2"'9%"‘5'1 1oLy %%52 Sbﬁ(ﬂ)a§5ﬁ's{’3ﬁﬂ°%é°éébe DMA
AggCount Emerremtraw Opcodes mgcaaemghgtcdu 'EF?SGZ %ﬁr&dmd Cohezz%%(;ﬁtpce

addr esses for ers S to unt i
coupled to nodt)r'@jl%f é{%nk%’"?'ﬁgﬂ %ﬂ'@ﬂge@o‘% inay comparator eircuit tgﬁ
216, Xfr Count caﬁlﬁare’sriﬁput"ddtéf&ﬁﬁ%ﬂize?ﬂoalugumﬁé nga?eqdisls &anb'iPtﬂv’éOthé?ack
324, and Scan_FI FO 326 are all part of FIFO 222 ure 2). Print_FIFO 222 |

is coupl ethe outpuL, valuerjs set ﬁ? e ¢ dhihe input UaWSdi“??@taﬁm'%l Ferefen the

| nter connect 3éltput value is set to "0." Comp Zero 318 is coupled to Prografn Counter 226
PCI Buffer 24 and ot her el errents Simlarly, Scan_FIFO 326 is coupled, via

t PR ymwater 218, node 376. Funnel 322 and Pack 324 both have

a_ 64- bi t coupl Ergndrit 3%6) SR €la Shikt 1MClo eraidt arkd @@ébg%@dt@f
ei ght cells: LO 332, B2 L0 334 LO 336, BOH 340

B
Bl H 342, B2 gﬁcemulatmsm%ncﬁlmem 3526SHR, is a shift rlngt dogial eperater and ispva
Engi ne 310 -per tanpied 46 iakclimaltiées f8, OSHIL éstﬁanf’c@SHn 352 ave cséﬂeaftb %dtehm

protocol described by the PCl Local Bus Specification, Revi si on

1.
PCI DVA Engi neaQE‘L@‘QIPBY)t%6ﬁ%ﬂ'§ﬂl§t%121ﬁaﬁﬁal§!9f§)P@c@lﬂ aad R1R12, and BG} &Hﬁerer

regi sters agedaps, 'E%rﬁeﬁi@é&%mdls@ﬂéd&ﬁérﬂdgwm bﬁér%idfﬁtEleﬂleh?QSGdSUB i0
devices involved in the data transfe IS a corrponent

of the scan seétﬁt&!rasfl0¢lq9@a¢pgermA@@4354 SUB 8k6! Bl‘ﬁblﬁﬁ(bﬁl'éﬁ $525re all
byte-1ane frompanlrdlandgd (Eiytird 5.0 ADIYAE4 REESUYISH 18 EUEP 356 and Register R3

216. SUB 356 is also coupled to Register R3 216. Xfr_Count, element 358, is a

register that is used, for example, to store the size of the data block to be

25 transferred in a DMA operation. Xfr_Count 358 is coupled to node 374 and

thereby to Add_Count 360, Comp Zero 318, Accumulator 218, PCI Buffer 224,
Registers R0 210, R1 212, R2 214, and R3 216, ADD 354, and SUB 356.

Add_Count, element 360, is a register that is used, for example, to store

addresses for transfers from PCI Bus 230 to FIFO 222. Add_Count 360 is

30 coupled to node 376 and thereby to Registers R0 210, R1 212, R2 214, and R3

216, Xir_Count 358, and Interconnect 370. Funnel 322, Print_FIFO 320, Pack

324, and Scan_FIFO 326 are all part of FIFO 222 (Figure 2). Print_FIFO 222 is

coupled, via a 64-bit interconnect, to node 376 and thereby to interconnect 370,

=12~
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which are’then witten into ScanFl FO 326. Applying PACK 324 is an option
that nay be used when the data from |/ O channel 112 occupies only one 15
byte-l1ane of the 64-bit 110 channel. Data often only occupi es one byte-I| ane
when the DVA controller is driving a print engine. PACK 324 increases the
bandw dth effi ¢ f Scan_FI FO 326. FUNNEL 322

conponent of tﬁ%&%?llx?# section of FIFO 222. FUNNEL 322 igb?ﬁ%”gatl‘gut
anal og of PACK 3| B\ 33 othelr lelgmhentss SirthitarR) Scan| FIFCGh$2é id eouplethtvia a

channel 117 aodtPRipRRREBHE  fodd 7oy SRR oA a EBLK 224 poiff Hele | Ghoi
the data to be té¢cuplihgts FO ClarineP1 t21aP0k Buﬁéﬂzzm&wmmsedloi eight cbis: eBOA@

engings.  SLBUSo 588, 148 5B, 06, H NIRRT

320. 25 5APRAASB3 ] 191\346. In contrast to prior art DVA

o e progr ammedt o ThERGIPR P IR BB B perioSts Shik TAteRaver §5 BTG
can be progranmmed to a P

the instruction ggé -235“6561@%8&% ol UevBNBER b 1yet\‘l%”Pb!?fl.o‘e‘:ﬁ\l Bus Sﬁ@cﬂhéé&&iﬂ 0”
prograns for the g\légi%rarrrra controller o

t he presen n.
Figure 4 illustrR B 3dnePal DMAENging 810 alsq ﬁ%n%%ttémqrwaprsseﬂm g’ﬁ?
of DMVA controll
- 13- eﬁargﬂﬁtﬁmﬁggﬁr?gﬁs? a16 H@é@gﬁ%@ﬁ)@@éﬁﬁﬁh Br ogram r{I\/lei_?éryoar&iﬁg
228. |f the10equievieesiiveived in th@cdﬂtag BNeferser ogram i s not | oaded then CPU

Foaded. then i n st op T 3 B 55 mponent of the alart SERRAEIFD 22, PAER 24

parameters into den'eulgelmseala §ingly dyte-tangi fsera 4 rlwanned, 1125mto gighp p@raﬂatzbntga

and R3 21s. Exa'Wh‘gﬁ ta‘?é t%drﬁéﬂ%@f SEaH ‘ﬁ?é)e.{z% gﬁ#fg%&ﬁﬂ% 324 is éﬁ Q{phon
erredis

addr ess where the a to be trans
number of DMA. trtaat;mbeoumi whes, tharﬂatarﬁeomulr@mhmbﬁﬂnowsmeiy pae

I e e e o

DVA Control | er 2een the &M@l@na'glla isadriving arwirdrqngme s RACK 2240npreases the

Control |l er 200 t U 102 to indicate conpletion
of the transfer. |s'&nré(§{c1ée'§ééyg$ er"'ti"?l i 9%193

rogra t he DVA Controller 200
allows it to.perfor mFéJNNEL Szﬁes@anmpmmtbfeﬂm print section okEIEQ 8220 FUNMEL

LS ot "Ser g2 IPARBS AR arstd AP et AR 582 munpibidl d
20 multi-byte-lane data from Print_FIFO 320 into a single byte stream for output
over 1/O channel 112. Applying FUNNEL 322 is an option that may be used
when the data to be transferred to I/O channel 112 occupies only one byte-lane
of the 64 it I/0 channel, as is often the case in transfers to print engines.
FUNNEL 322 increases the bandwidth efficiency of Print_FIFO 320.
25

APPLICATIONS

In contrast to prior art DMA controllers, the programmable DMA controller
of the present invention can be programmed to perform a number of types of
30 data transfers using the instruction set. The following are several examples of

application programs for the programmable DMA controller of the present
invention. Figure 4 illustrates a general flow chart for the system level operation
of DMA controller 200 operation. Step 410 is a check whether the required

=13~
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DVA ;CHAINI NG DMA chai ning routines transfer several
non- cont i guous bl ocks of dat a. An exanpl e of a DVA chaining
application is transferring data stored in 20 scattered objects in nenory
to a print engine. This operation is performed in the process of ;
printing obj conpressed usi ng STAR conpression. The f ol | owi ng code
provi des an 26305f a DVA program that uses a chain of f&GHAUS4G N
gggkfﬁt o reagidrﬁégmauém%ém IsBRAGIRY Probfifin Mty 2B, i the Tealived DMA
Initial Val uegontroller program is pat loaded then CPU=102 d@ghloads the program inftep

= 0000081 Gz the program Js &fteady loaded, then jp step 4% W?B%%ownmdgﬁ 8h

R2

ACC required DMAODBOSTer parameters into thé@ewsial purpose registersOR0 210,
HOLD PCn = =

BOH =2 m}&%, and R3 215. El;gfnﬁea of DMA transfer parwade the
Bl HI =  stpoaddess where the data to bedtrahsferred is stored-in systénoasNcYY, the

number of DMA transfers to be made, and the buffer size. In step 416, to start a
DMA transfer CPU 102 sends a start command to DMA Controller 200. In step
418, DMA controller 200 executes the data transfer. When DMA Controller 200
10 completes a data transfer, in step 420 DMA Controller 200 sends an interrupt to
CPU 102 to indicate completion of the transfer. This process of reprogramming
the DMA Controller 200 allows it to perform all of the data transfers as
described by the following examples. By contrast, typical prior at DMAs are
limited to only performing predefined types of data transfers. ’
15

DMA CHAINING

DMA chaining routines transfer several non-contiguous blocks of data.
An example of a DMA chaining application is transferring data stored in
20 scattered objects in memory to a print engine. This operation is performed in
the process of printing objects compressed using STAR compression. The
following code provides an'example of a DMA program that uses a chain of four
DMA tasks to transfer data from System Memory 106 (Figure 1) to Print_FIFO
320 (Figure 3):
25
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15 ¢ B2_H = 00000000h B3_LO =

00000000 B B3_HI = 00000000h B MASKLO
= Ch MASK_HI = Ch 20 Addr ess
| nstruction 0: LOAD ACCRO 1:
LOAD dnmaddr, 2: _ LOAD ACC, R3 per/usornsid
3: W‘aﬁm. ze. ACC 4: NOVE BUF,
PC Initial Valuesl OAD ACC, dnasi ze 6:
BNz5 30 7: LOAD ACC, 0&10_ 8:
LOAD dnmaaddr, ACC PC 0: LOAD ACC, BO HI
a. LOAD dnma- sgge, ACC = 00000810h -15-
b: MOVE FI E, PC LOAD
ACC, dmasi ze Rl . = OOOOW'}: e:
LOAD ACC, R15 5 R2 f: - 000008 dONL 10:
LOAD R1, ACC 11: 6 12:
LOAD ACC, RO R3 13: = 0000 10 14:
LOAD RO, ACC AcC 15 00006886h 16:
| NT 17: HALT 18:
NOP 15 The par ReeWAIT for eaeh DMA task are stored in System
Menory 106 (Figure 1)_|OLIB q-_g:g@m’rabl e DI\/A1cont roller 200 stores the
start address for these
10 BO_LO = 00000000h
BO_HI = 00000000
B1_LO = 00000000h
Bi_HI = 00000000h
B2_LO = 00000000h
15 B2_HI = 00000000h
B3_LO = 00000000h
B3_HI = 00000000h
MASK_LO = Oh
MASK_HI =  Oh
20
Address Instruction
0: LOAD ACC, RO
1: LOAD dma_addr, ACC
25 2: LOAD ACC, R3
3: LOAD dma_size, ACC
4: MOVE BUF, PCI
5: LOAD ACC, dma_size
- 6: BNZ 5
30 7: LOAD ACC, BO_LO
8: LOAD dma_addr, ACC
9: LOAD ACC, BO_HI
a: LOAD dma_size, ACC
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paranmeters in Register RO 210. Register Rl 212 stores the nunber of DVAs to
be performed. Register R3-21 5 stores the buffer size in 32-bit words.
Defining 20 the PC WAIT' variable to zero allows CPU 102 to continue to
operate during t he DVA process. Instruction 0: "LOAD ACC,
RO" | oads the PCl Bus 230 to PCl Buffer 224 data transfer address from
Regi ster RO MO%MY Accumul ator 218. Instruction 1: © PERYSER R |
ACC' | oads the PCl Bus B30 to PCl Buf figovefirdaiia transfer 25 address
from Accumul at or 218 to Add Count 360. Instruction 2: 'LOAD ACC, R3"

| oads the buffer size if 32-bit words HQAMWAR i dMSI3®L 215 into Accumul at or
218. Instruction 3: "LOQD dma. si ze, A@\zEoads the nunber of paraneter
transfers remai ning from Accurul ator 218 Into XfrCount 358. Instruction 4:
"MOVE BUF, PCI" |oads tBe paraneters LQARACEHIM task from PO Bus 230 into

30 PC Buisf er 224. Instruction 5: "L CC, dnmsize" | oads the size of

t he data block to be transferred Trom Xfr Count 358 into Accunul at or
218. Instruction 6: 10* BNZ 5" brandi@ADHRI, ABS& ruction 5 i f Accunul at or
218 is not zero; this iq.la manuaIBfl'pgck to see if the paraneter
transfer is conplete. ) -16-
Instruction 7: LOAD ACC12BO- LO | oads UWOADACC,BROs 230 to FI FO 222 DVA

address from PCl Buffer %24 addr ess B%ISB?SO into Accunul at or 218.
I nstruction 8: 'LOAD dn&_addr, ACC' | he PCI Bus 230 to FIFO 222 DVA
address fr@m Accurul at 014218 i nt o Add-LQADROACC | nstruction 9: "LOAD ACC,
5 BOH" loads the PCl _Bus 230 to FI F@'i\iz data transfer size from PCl
Buf f er 224 addresd BO H 340 int curmul ator 218. Instruction a:
LOAD dnesi ze, ACCYst oads the PCIiNBus 230 to FIFO 222 DVA size from
Accumul ator 218 into _ XFR_Count Bi_[igl_ Instruction b: "MOVE FIF, PCl"
transfers data from PCl Bus 230 FIFO 222, Instruction c: "LOAD
ACC, dnasize" | oads the1gurrent data. NOPtransfer count from XFFCount 358
to Accumulator 218. Instruction d: "BNZ c" branches to instruction
"c" if Acd@mulator 218 is not zero; this manually checks if t he
transfer is conpl etfhe paramisibrsofor @abli DMA tRbK af® stured tiv'Sydterm Memonuhog or
218 bei ng dec nt eg govvn to zer

t

rer | nstruction e: " ACC,
R+ L oads. t neFIBHe dht Erogramaiie BMAgontiofle 200 storss Ine.si# Aditses Jgkiness
Instruction f:parakBtels il RGRISIRE 210 Reaistsr RT 212 etores fedhumber of DMABtoONe -
and t hereby decrenents the DVA count. Instructtlmoa '

0:, "LOAD R1, . . . ACC
| oads the decrRrRefiumedvrRegster R3-~aip alrasihep r'!?lﬁ? if‘@z%bl"@f@r Pgfining

212. instgctitag "PC_WAR MariaBRe! toSzdrb llowy ICPE 102 tb tentiviie td opéerfats dufing
conpl ete. Instruction 12: "LOAD ACC, R0O" |oads the current DVA

transfer addré§§ OV Rrogessregi st er RO 210 i nto Accunul ator 218. | nstruction
13: "ADD 8" incremgpétfuction 0: "LOADY AOT)IRIMbads MBFCr BasI286 $6 PCI Buffer 224 0N

14: "LOAD RO, ACC' stores the new. .
data transfer address from Register RO 210 into Accumulator 218. Instruction 1:
“LOAD dma_addr, ACC"® loads the PC! Bus 230 to PCI Buffer 224 data transfer

25 address from Accumulator 218 to Add_Count 360. Instruction 2: "LOAD ACC,
R3" loads the buffer size in 32-bit words from Register R3 215 into Accumulator
218. Instruction 3: "LOAD dma_size, ACC" loads the number of parameter
transfers remaining from Accumulator 218 into Xfr_Count 358. Instruction 4:
"MOVE BUF, PCI" loads the parameters for the DMA task from PCI Bus 230 into
30 PCIiBuifer 224, Instruction 5: "LOAD ACC, dma_size" loads the size of the data
block to be transferred from Xfr_Count 358 into Accumulator 218. Instruction 6:
"BNZ 5" branches to instruction 5 if Accumulator 218 is not zero; this is a

manual check to see if the parameter transfer is complete.

-16-

SUBSTITUTE SHEET (RULE 26)



DVA transfer address in Register RO 212. Instruction 15: "BNZ 1" starts the
next DMA. Instruction 16: "INT" sends an interrupt to PCl Bus 230.

I nstruction 17: "HALT" freezes the program counter. Thus, this routine
perfornms a chain of 25 .four DVA transfers from System Menory 106 to

Print _FI FO 320. NEIVCRY CoPY The fol | ow nopEYBEsT18142
illustrates a DIVX nmenory copy routine. The 30 routine uses a single DVA
transfer to transfer méniuoﬂdxnvf WaaD ACC) BO4.03 deddsothe PCl Bo$ 28p3bdfiFOk2ag v

and tranafer i zOM THSTEOBREBLHRT 2ps BRieed BA 1020 o AcusTflF 2ie.

Rl 212, and R2 21ﬁstf®ﬁ@ﬁﬁt"l/.@A‘D dtﬁﬁtéddﬁAWQGhdsﬂhBPm}Bt&Zﬁmm 222PDMA

N e e

Initial Values B0o_HI"loads the PCI Bifs 230 to FIFO 222ata tl%fer size from PCI Buff&o

= 00000020h 1@&24 addressRéo _HI240 into Accumulator%qg 1@8%’@9@% *LOAD dma 5229.

ﬁg_CD oo _ACC" @@@sxmsm Bus 230 10 FIFO 226MKbiZe from Accumulatér 218 into
BOHl  XFR QM@&Hnstmctlon b _'MOVE BE. f@l“ transfers data frorm&i@ygﬂ-|
Bl _Hi = " n

o1 =230 t%; Ipstrution c: LOAD%@(‘ECOEIma size" loads the

B3_H1 10 trans@@@ppnjdggm XFR_Count 358 to Aggigirulator 218. Instfuctlon(gq "“BNZ ¢"

branches to instruction "¢" if Accumulator 218 is not zero; this manually checks if

the transfer is complete, as indicated by the DMA count stored in Accumuiator
218 being decremented down to zero. .
Instruction e: "LOAD ACC, R1" loads the contents of Register R1 212 into-

15 Accumulator 218. Instruction f: "SUB 1" decrements the vaiue of Accumulator
218 by one and thereby decrements the DMA count. Instruction 10: "LOAD R1,,
ACC" loads the decremented DMA count from Accumulator 218 to Register R1

212. Instruction 11: "BZ 16" exits the routine if the DMA transfer is complete...
Instruction 12: "LOAD ACC, R0" loads the current DMA transfer address from

20 Register RO 210 into Accumulator 218. Instruction 13: "ADD 8" inc}ements the
current DMA transfer address. Instruction 14: "LOAD RQ, ACC" stores the new.

DMA transfer address in Register R0 212. Instruction 15: "BNZ 1" starts the

next DMA. Instruction 16: “INT" sends an interrupt to PCI Bus 230. Instruction

- 17: "HALT" freezes the program counter. Thus, this routine performs a chain of

25 four DMA transfers from System Memory 106 to Print_FIFO 320.

MEMORY COPY

The following example illustrates a DMA memory copy routine. The

30 routine uses a single DMA transfer to transfer a block of data from one section
of System Memory 106 to another. The source start address, destination start
address, and transfer size of the DMA operation are stored in Registers R0 210,

R1 212, and R2 214 respectively. Data is moved in 32-byte blocks via PCI
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MASK HI «: = Ch 25 Addr ess I nstruction

0: NOP 1: LOAD ACC, RO 2:

LOAD dma_addr, ACC 3: ADD 8 30 4.

LOAD RO, ACC 5: LOAD ACC, R3 6:

L?Q‘D dma_si 2 Qs %630 8. r LON%EACB;:F REO PCIUSIINIZ .
LOAD dra_addr , Byidr 224. Register R3 216 stéres the buffer ¢ SWnS.Ba-b* words. The code fob
LOAD Ri1, ACC 5 LOAD

LOAD dnasi ze, Higdoutine is as follows: e: ND\/E PCI BUF

f: LOAD ACC, R2 10: SUBl 10

11: LOAD R2, ACC . 12: BNZ1

13: | NT _rulLauLalus.u HALT 15:

NOP 15 5 Instruction 1: "LOAD ACC, RO' |loads the start address for
the data to be copied from Regi ster RO 210 to Accunul ator 218.
Instruction 2: "LOAD PCdma..addr, ACC' 108hds the start address for the
data transfer from Accu at or 218 to ﬁ t 360. Instruction 3:
"ADD 8" increnents the source address. struction 4: LOAD RO, ACC'
stores the new data sourﬂie address in =Reg| €0000400h RO 210. Instruction 5:
"LOAD ACC, R3" |oads the,size of PCl Buffer @66%%6}6 32-bit words from
Regi ster R3 216 into Ac lator 218. TnstPd : "LOAD dnmasi ze,

ACC' | 0ad40the PCI Bus B30 to PCl Buffeer 220000008 er si ze from
Accurul ator 218 into Xfr nt 358. Ins_'grucbiowé MOVE BUF, PCI nmoves 25
the data from PCl Bus 2 o PCl Buff& 22800000000 +ion 8° "LOAD ACC, R1"

PC_WAIT =
HOLD_PCn = 1
BO_LO = 00000000h
- 15 BO_HI = 00000000h
' Bi_LO L= 00000000h
B1_Hi = 00000000h
B2_LO = 00000000h
B2_HI - 00000000h
- 20 ' B3_LO = 00000000h
B3_HI = 00000000h
'MASK_LO = Oh
MASK_HI = Oh
25 Addres Instruction
0: NOP
1 LOAD ACC, RO
2 LOAD dma_addr, ACC
3: ADD 8
30 4: LOAD RO, ACC
5: LOAD ACC, R3
6: LOAD dma_size, ACC
7: MOVE BUF, PCi
-18-~

SUBSTITUTE SHEET (RULE 26)



| oads the data transfer destination address from Register RL 212 to
Accumul ator 218. Instruction 9: "LOAD dma_addr, ACC' |oads the PCI Buffer
224 to PCl Bus 230 transfer address from Accunmul ator 218 to Add_Count 360.
Instruction a: "ADD 8" increnents the data transfer destination address. 30
| nstruction b:_" , ACC" stores the new data transfer desgirrng:
addr ess i WO er RL 212. Instruction c: "LOAD ACC, R3"
| oads the PCl Buffer 224gsize fronLOAD AGBgR3ter R3 216 to Accumul ator 218.
Instruction d: "LOAD dmagj ze, ACC’
-19- | oads the PCl L%ﬁpf%q'aﬁiqfirtécga Bus 230 transfer size
from Accunul ator 218 to g: Xftr ADD8 358. Instruction e: "MOVE PCl, BUF"
transfers the data from PCl fter, 2 to PCl Bus 230. Instruction f:
"LOAD ACC, R2" | oads the Bunber of EBAB ﬁmﬁ%yte bursts required to satisfy
the total DMA size from Register RROADAACE, R8 Accumul ator 218. Instruction
10: "SUB 1" decrenents the burst cough. \ I&ééruction 11: "LOAD R2,
ACC' ‘stores the decrement®d burst bEAR IMA_$IEY; r R2 214.
Instruction 12: "BNZ 1" conpares Agove pei®UrR18 to zero to det er mi ne
whet her the DVA transfer 1s conplete, 1f it _is not conplete the
program branches to inst fuction 1. L@ADACC, R2) gi(yction 13: "INT" sends an
interrupt to PCl Bus 230 4@ indi caggg e DVA transfer is conplete.
Instruction 14: "HALT freezes Program Counter 226. Thus, the program
performs a ¥ngle DVA trahkfer to bOANP B2oAGCKof data from one
section of system nenory {£ anot he 115 MEMORY FI LL A
further exanple of a type of operatlion that the progranmabl e DVA
controller of the present13:nventi olNtan performis a menory fill. A menory
fill operation fill Sy4n area WA Fenory with a pattem For exanple, DVA
controller 20 200 can us€ a nenor Lfi |1 operation to fill a printer franme
buffer with a fixed Wit t ern, Rh can save nore than a second of
m cropr oces!s)#)r time by avoiding havi ng the m croprocessor clear the
page. The forl ow ng routine uses four DVA transfers to fill four
separate bl ocks of SinstractiovehnyOADAGL: ROt leads thenstart addressdas thendatatte bed
inregisters RL 212 and 210, ~Thg, star _ng; t %Plﬁét 5 BSHAD
for the DVA is g?B'PgdﬁPW glsi?ﬁ K’éng?@ ‘%o%‘? eglgg’t?e?{%z Ié 4 s?{g‘r g’s t%
start address fdma_addpMCE! lmadé the startaderesssfor the data transfer from Accumulator -
218 to Add_Count 360. Instruction 3: "ADD 8" increments the source address.
20 Instruction 4: "LOAD RO, ACC" stores the new data source address in Register
RO 210. Instruction 5: “LOAD ACC, R3" loads the size of PCI Buffer 224 in
32-bit words from Register R3 216 into Accumulator 218. Instruction 6: *LOAD
dma_size, ACC" loads the PCl Bus 230 to PCI Buffer 224 transfer size from
Accumulator 218 into Xfr_Count 358. Instruction 7: "MOVE BUF, PCI" moves
25 the data from PCI Bus 230 to PCI Buffer 224. Instruction 8: "LOAD ACC, R1*
loads the data transfer destination address from Register R1 212 to
Accumulator 218. Instruction 9: "LOAD dma_addr, ACC" loads the PCi Buffer
224 to PCl Bus 230 transfer address from Accumulator 218 to Add_Count 360.
Instruction a: "ADD 8" increments the data transfer destination address.

30 Instruction b: "LOAD R1, ACC" stores the new data transfer destination address

in Register R1 212,
Instruction c: "LOAD ACC, R3" loads the PC! Buffer 224 size from

Register R3 216 to Accumulator 218. Instruction d: "LOAD dma_size, ACC"
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I ni t;i al Val ues PC = oon 30

RO - = abababa5h R1 _
5a5a5a5ah R2 = 00000810h

R3 = 00000004h

- 20- ACC = ooooooom

PCVWAI T W098ﬂ26301 HOLD PCI"I PCT/US97/13142
BOLO

BL LO loads theoﬁggggﬁeé% to PCI Bus ﬁ@t?rﬁ or size from Accuq@%@ggﬁgqg
B2 LO Xfe_Courg @580 olnstruction e: "MOVEHCIHBUF" transfersthe dat@®oo0f@ 10
B3 _LO I 0Qh
MASK LO Buffer %Qw%s 230. lnstrm\tggf B’EdAD ACC, R2 I%ds thje_g-rWeq' oq

Address In staa;bytpdwrsts required o satisfy the total DN size from Register R2 214 to

IIZ&B ﬁ%: % 2%ccumulatoiizw. Instruction H@SEB) "gg@qdrdeﬁgm‘gms the burst counb o

Instagtion ridls i "t.@,ADBBE, ACC" stores The decremented burﬁ@dﬁnBlﬂFBeﬁi@ter
R%%B A%st 135 "BNZ 1"9compares Accumuta?ﬁbzagzriggr@ tg_\CC
ddtéNEn@GNheﬁEGthe DMA tradsfer is complete, i AR WéiCcormBlete the
program branches to instruction 1.

10 Instruction 13: "INT" sends an interrupt to PC!| Bus 230 to indicate the
DMA transfer is complete. iInstruction 14: "HALT" freezes Program Counter
226. Thus, the program performs a single DMA transfer to copy a block of data

QR OR

from one section of system memory to another.
15 MEMORYFILL

A further example of a type of operation that the programmable DMA
controller of the present invention can perform is a memory fill. A memory fill
operation fills an area of memory with a pattem. For example, DMA controller

20 200 can use a memory fill operation to fill a printer frame buffer with a fixed
pattern, which can save more than a second of microprocessor time by avoiding
having the microprocessor clear the page. The following routine uses four DMA
transfers to fill four separate blocks of System Memory 106 with the 64-bit
constant stored in registers R1 212, and R0 210. The start address and transfer

25 size for the DMA is stored in System Memory 106. Register R2 214 stores the
start address for the DMA transfer parameters.

Initial Values
PC = 00h
30 RO = a5a5a5a5h
Rt = 5a5a5a5ah
R2 = 00000810h
R3 = 00000004h
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30 ; e SUB 1 t LOAD R3, ACC

10: BZ15 11: LOAD ACClI R2
-21- 12: ADD 8 13:
LOAD R2, ACC 14: BNZ 2 15:

INT 5 il 17 pcT/USTNSIR2
instruction 1: w‘q_!’&\ﬁ’%GC R2" | oads the DVA transfer paraneters

address from Register R2 ggg i nto Accumd at 000@@3@D00MStruction 2: "LOAD 10
dma- addr, ACC' |oads the EM nsfer paraneters address from Accumnul at or
218 into Add_Count 360. | ion 3: ¥ LOAD ACC, R3" |oads the nunber of
DVA transfers. to be made Houp IResH ster B3 216 into Accunul ator 218.

I nstruction 4: "SUB R3" btracts t he contenba @6 d%%gl ster R3 216 from
Accumul at or 218. This cl e§Ps— L@ccunul at o 218" 900 I nstruction 5:

"ADD 8" pl acgs the size ofggt fg buffer into Agoopedouror 218. .
| nstruction "LOAD dma si ze, ACC'.loads the size of the PCI Bus 230 to

PCl Buf fer 224 transBdrl brom Accumd at oP09QQ0Q0N i count 358.
I nstruction 7: " MOV BUF’HIPC' " noveg t hegbbBpddginst er paraneters from
PCl Bus 230 to PCi Buf 224. Instructl on 8. "LOAD ACC, BO_LO' | oads

the register to PCI DVA 282 b@dress from BO P8P8, Accunul ator 218.

I nstruction 9: "LOAD dmaag%r HI ACC' J oadgobisodatpi ster to PCl DVA
address from Accunul at or g 1o Add_ Count 360. Instruction a: LOAD
ACC, BO_HP" 1Boads the regB3b® to PCI = DRRD Q@Q@'Trom BO H 340 to
Accumul ator 218. Instructigangp: "LOAD dimsi zggggogooHCC’ | 0ads the register
to PCl DVA size from Accumutator 218 to XfrCoun? %QSO 358. Instruction c:
"MOVE PCl, REG' noves theMASK&®@r constant Ohat is being used to fill
a bl ock of System Menory E%Qr%@ Regi sters 210 and R1 212 to PCl
Bus 230. Instruction d: A R3" [ oads 'the nunber of DVA

transfers that have yet to be nade from Register R3 216 to Accunul ator 218.

| nstructi on E " SUB ]E 'l'! g cr enﬁghﬁ !we DMA transfer count in Accunul ator
218. 30 é ruction | oads t he decrenented DMVA transfer
count from Accumal at or 218 to WO ster R3 216. Instruction 10: "BZ 15"
branches to the end of the rouLbRBAéctﬁf DMA transfer count in

Accunul ator 218 has’ B'e
2: : LOAD dma_addr, ACC

LOAD ACC, R3
SUB R3
ADD 8
LOAD dma_size, ACC
MOVE BUF, PCI
LOAD ACC, BO_LO
LOAD dma_addr, ACC
LOAD ACC, BO_HI

_ LOAD dma_size, ACC
MOVE PCl, REG
LOAD ACC, R3
SuUB 1
LOAD R3, ACC
BZ 15
LOAD ACC, R2

20

25

30

T 08 QTR O0ONODAD

-1 -k
- O
e o3
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-22-; decrenented to zero, thereby indicating that all the
DVA transfers have been conpl et ed. Instruction 11: "LOAD
ACC, R2" loads the start address for the paranmeters of the DVA
transfer just conpleted. Instruction 12: "ADD 8 5 i ncrements the start
address for the DVA transfer to correspond to the par a t he
next DMA tran%’&@?’.l”ﬂstruction 13: "LOAD R2, ACC' | oads %ﬁ%&%u\m
transfer parametersystart addresspigpg Accunul ator 218 to Regi ster R2
214 for storage. Instruction 14: "BNZ 2" conpares the contents of

Accunul ator 218 to ¥&ro, and ther 8OM2R2eAGENs to instruction 2 to start
the next 10 DVA. {@istruction 15gNzHT" sends an interrupt via PCl Bus 230
to indicate the DVA transfers are conplete. Instruction 16: "HALT"
freezes Program Coul®er 226INThus, the routine perfornms four DVA
transfers apd fillsygour separateys + blocks of System Menory 106 with
the 64-bit constant stored in Registers RO 210 and R1 212. 15

OTHER APPLI CATI ONS 17: NORirt her application of the progranmmabl e
DVA controller of the present invention is duplex printing. Duplex
printing is where print data is transferred in 20 reverse order to a print
engi ne. | n contrast instruptiorort: arLOADs AGG, REtiaadsr thet DMA dransfer paranesterssed

inthe frane b r ' . ratjion exe d by a.CPU t he
pr ogr ammabl e ﬁ%&ﬁﬁ%ﬁﬁ%&%‘%%%ﬂ@ n$£+wlé'ﬁ{qrdq#8§aw fMchan %du‘p?é?
printing oper atmanaddn AGCEoaty tHe PMAIrandfer itanietars ciddeasst feork Acclmuldter
dupl ex pr Lk i, rat | he | ast. addr, f | e,stored (n
syotem memor y P8 YR8 ARECAP Bad TrarBhof 8 - LTIAR A hSTRECSR Fimber of
Duri ng thedDIVADthrtsd\Atﬁfers to be hmdeQégfisﬂeﬁ@rmrﬁ iirdorAéélﬁ'hul]g_tmﬂzw.
i ncrement ed. nce en t . transfer is conplete, the fina
syst em menor yl_ﬁlfgwggn a@ce@g\@% SHbIraRIR the contgnts, of |Ragister Irh%@ﬂgahﬁmc he
very fi rs}3 damemulatbrﬁw; hEI'{is'; gle@fs Accumulatg621_8. Anot her appl i cat}on of the
progr anma controller_o e, presen i_nveptjon is transferrinpg
data to a J&%rrpresso{;'?{rﬂﬁtl'one arf%'rl:'a,a ﬁﬁ?‘?ﬂs‘éﬂﬂz@ of the BE&?’éPPsA@”&}Ba'P'\?I?’EG')
type corrpreiﬁomstmotmr esz'f.eABN%nai_mé, llﬁcotl’cﬁfdbhl?]é sizeeof the PO Bus@30 todPOLS
in menory. e.pLogr controller t r esent i nvention
can rorr eve t FUNGN 224 Tanslor oo RecHRYISEon L8 4 PSP 58:adathusTRN 7
- 23- *MOV BUF, PCI" moves the DMA transfer parameters from PCI Bus 230 to PCI
Buffer 224. Instruction 8: "LOAD ACC, BO_LO" loads the register to PC! DMA
20 address from BO_LO 330 to Accumulator 218. Instruction 9: "LOAD dma_addr,
ACC" loads the register to PCl DMA address from Accumulator 218 to
Add_Count 360. Instruction a: "LOAD ACC, BO_HI" loads the register to PCI

DMA size from BO_HI 340 to Accumulator 218. Instruction b: "LOAD dma_size,
ACC" loads the register to PCI DMA size from Accumulator 218 to Xfr_Count

25 358. Instruction c: "MOVE PCI, REG" moves the register constant that is being
used to fill a block of System Memory 106 from Registers R0 210 and R1 212to
PCI Bus 230. Instruction d: "LOAD ACC, R3" loads the number of DMA
transfers that have yet to be made from Register R3 216 to Accumulator 218.
Instruction e: "SUB 1" decrements the DMA transfer count in Accumulator 218.
30 Instruction f: "LOAD RS, ACC" loads the decremented DMA transfer count from
Accumulator 218 to Register R3 216. Instruction 10: "BZ 15" branches to the
end of the routine if the DMA transfer count in Accumulator 218 has been
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JPEG: conpressor. This is nore efficient than prior art systens that store

ei ght lines of data in a tenporary nmenory in order to retrieve the 8 x
8 pi xel bl ocks. SIMD 5 Anot her enbodi nent of the
programuabl e DVA controll er of the present i nvention uses a Single

I nstruction st kot I Pl € Data stream (' SIMD ) processghnﬁ%lhype
processors are defi neg by the Flynn classification system as t

with m = 1, andecidmented b eem, theraby indicatingthat alicheiDMAuransiérs havebeserof
i nstruction and ggﬁﬁtﬁér eans, respectively, that are being actively
processed in anﬁ maj or steps in processing an instruction. The

vari abl es ml anthstilctioni tht e"UOADJIAQGeR2! Ipadsithel stanh addeessr barethwor .

contr ol Toni 1 anBaramaiegs of; 58 SR FERHET Tusl bEMelbfed. Indtridligh 1e?rABD -
protgramtrmbl esghl\/nchememé lthe dtaRt addreks RO ahe Dnmtmmfaf to corre&guﬁdailo Ngh@ro
| NStructi ons | C nove evera n _one,|I Nstruc of e
e v
coae coaer , 2
et ons [nge Sl e o T Lo ST NG ool daUA Sticars, Po
Thus a net hod a ar |
been descri bed. adcliRIAGy 2mtooiaﬁeaﬁd kHBFBIbe %}uh@ﬁxohﬁﬁmdi@ﬁq idsidrithbhext t

respect to certain specific enbod iments. it wll be clear to those, skill

in the art 10 DMA¢ Testeudtioode i WNTY sends ar intermyntvig PGl Bus aaﬂfmnﬂm gme
applicable to oA transfer§ ngﬂsﬁé ﬁ'%t?ﬁ@flén 1@' bHRLTVRbE2bP Fodrath B Hef ©
fall within the _scope resent 1 nvention.
: 226. Thus, the routine performs four DMA transfers and fills four separate
blocks of System Memory 106 with the 64-bit constant stored in Registers RO
210 and R1 212.
15

APPLICATI

A further application of the programmable DMA controller of the present
invention is duplex printing. Duplex printing is where print data is transferred in
20 reverse order to a print engine. In contrast to prior art systems where print data
is reversed in the frame buffer using a software operation executed by a CPU,
the programmable DMA controller of the present invention can perform duplex
printing operations and thereby free up the CPU for other tasks. in the duplex
printing operation the last address of an image stored in system memory is
25 configured as the start address of the DMA transfer. During the DMA transfer,
the address is decremented rather than incremented. Hence, when the DMA
transfer is complete, the final system memory address accessed by the DMA
controller will contain the very first data sample of the image.
Another application of the programmable DMA controller of the present
30 invention is transferring data to a compressor. For example, Joint Photo
Experts Group ("JPEG") type compressors compress 8 x 8 pixel blocks that are
not contiguous in memory. The programmable DMA controller of the present
invention can retrieve the 8 x 8 pixel blocks and transfer the image data to a
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1. ~ An apparatus for transferring data on a bus conprising:

an input output bus interface adapted to connect to a conputer; 5

a dedicated input output first in first out interface adapted to connect to
an | device; a program nmengr n ted to
sai d input oﬁ%&ﬁzgﬁs interf_aq_e for . storing a pl uF&*@%&’{}i&
program i nstr ypEEPEsmpressor. Thiis is more offitight BADHAGY dFE SFstdms IRACdtErePbight
receiving a pluraljty of new program 10 instructions under direction
of said conpuli@s otgala in a temporary memory, in,pedes do; atrigue the 8ok B pxeh blacksy new
programinstructions stored in said program nmenory to control
said data received at said input output bus interface Th and said data

transferred aBlMR d dedicated input output first in first out interface,

so that satd processor can transfer said data through said input output bus
15 interface i ndependent of control over said data by said conputer.

2. The appar at usAoother embotiméntrafithe pedgrampiableaDMA contrallen of ther presgntiat a

[ . dj | . 3 h t
5 2 a1 b R SPERE TRl Myt e sreart BER 2 U
i nstructions pmtesson SIMI typeprpcessions atendefined by tba;ﬁlym@ﬂsaiﬂq_&ibd system

br ocescor oxcBligse it p1ps 1, AP BDRY. itidiedh1 el ] ghEte"td iHifhug

h _ ; ! ) - . . . .

St ream mulS; pPamier B Thetrdtoh iy S siedthe > fibettvol). Shatlafs, bR Acilyel’
wherein said precessed iniany otthesmajop staps i pgecessing an instructiond Thecyaniablesi d

dedi cated i ”p'l’fshgé.ﬂd%t[j indicate the degree of phdilelidh lih & brétlssbPt LIS Gyl | ves

said print engi
processors include systems which have a single program control unit and
multiple execution units.

15 The SIMD programmable DMA controller instructions are composed of
several micro instructions which move several words in one instruction. The
SIMD programmable DMA controlier embodiment has an enhancement to the
Opcode Decoder 316, Figure 3, which tfranslates the additional SIMD
instructions into signals to contro! the flow of multiple data streams.

20 Thus a method and apparatus for a programmable DMA controlier have
been described. Although the present invention has been described with
respect to certain specific embodiments, it will be clear to those skilled in the art
that the inventive features of the present invention are applicablie to other
embodiments as well, all of which are intended to fall within the scope of the

25 present invention.
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and wherein said dedi cated input oeutput firs ace
receives data from said i nput peripheral The appar at us
of claim?7 whernghlgpisg Processor further conprises: PCT/TSM 10N
nmeans for addi ng data val ues; subtraction means for
subtracting data val ues; byte shift neans for shifting data
byt es; and storage neans for X g dat a val ues. 10 9.
A nmethod for transferring data between a Qﬁrﬁ@%r and an exter nal

device across an input output bus conprising the steps of:

downl oadi ng pro struct s fromsaid r; ce

executing said g'{ore "HPRRAE *‘r‘F 'Eir}%"@ﬁsda?%gﬁ o‘fq%s)'/‘%r ansfer said
data across gaid i np@n iﬂpﬁmbahslfor recsiAngmfefbativn; control over said data by
said 1 5 conputer I m9 wherein said step of

executing said stordfoutput mﬁ?%%&%@ﬁ 'tﬂ:'f’}%ﬁ???'&rt her conprises

executing Single Instg ra?ﬁnﬁéthéﬁylifbﬁstormgadmwlgmf a9 inktyltions;
I nstructions. 20 c}prq The net hod of Pfah er el n d, step of

downl oadi ng program S&l Ham memasy £apg rfe(:’SWfﬂQ a Rlur &h?foﬁﬁ‘f”rﬂ%ram

program i nStrUCtlh@l‘i‘&ctfthfﬂnaeFSi'?édtﬁh of a centidl pfoR8Sddrg unit. 25 12, The
met hod of claim 11l wherein sald step of executing said stored |Jg rogram

i nstructi ond% urt her &BIASLESYUIOE PEAGASEING RIQEKANT iNstrugtions,siofed, jn said p
instructions to memopf B éoﬁﬂrél%ﬁaﬁﬁ tiéﬁ‘i@?éce‘i\ie@lnétf@d' d input meansldnd wHif

met hod of claim12 wherein said executing said Rro gram
information is transferred at sand output means, so that said processor can

transfer data on said bus independent of central processor control over the
data.

15
2. The apparatus of claim 1 wherein said apparatus for transferring data is
a direct memory access controller.

3. The apparatus of claim 1 wherein said program memory can receive
20 program instructions and said input means can receive data from the same bus.

4, The apparatus of claim 3 wherein said processor executes direct
memory access commands.

25 5. The apparatus of claim 3 wherein said processor is a single instruction
stream multiple data stream.

6. The apparatus of claim 4 wherein said output means comprises:
a first in first out interface for driving a print engine; and
30 a bus interface.
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30 ;|nstruct|ons f

| oadi ng,

of claim 13 whereir

eCUtI n |nqtrUCtI

ons

further corrprl ses perfor m ng dupl ex printi

26

The met hod of claim 13 wherein said step of executin

progr am i nst M&’F’bﬁé" further conprises transferring non- contfGRN¥ 5
of data in menpry HelhdaRES of S FSwheBitSA8 SHPWH nikns Comprises:

10

15

20

25

30

a first in first out interface for receiving data from an input peripheral; and
a bus interface.

8. The apparatus of claim 7 wherein said processor comprises:

addition means for adding values;
subtraction means for subtracting values;
byte shift means for shifting bytes; and
storage means for storing values.

9. A method for transferring data using a bus comprising the steps of:

downloading transfer program instructions to a data transfer controller
using a bus;

storing the program instructions in the data transfer controller;

executing the program instructions to transfer data using a bus,
independent of central processor control over the data.

10. The method of claim 9 wherein said step of executing the program
instructions further comprises executing Single Instruction Multiple Data
processor type instructions. '

11. The method of claim 9 wherein said step of downloading transfer

program instructions further comprises downloading transfer program
instructions from a central processing unit. |

12.  The method of claim 11 wherein said step of executing the program

instructions further comprises executing the program instructions to perform a
direct memory access transfer.

13. The method of claim 12 wherein said step of executing the program
instructions further comprises executing instructions to perform loading,
addition, and branching operations.
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14. The method of claim 13 wherein said step of executing the program
instructions further comprises performing duplex printing operations.

15. The method of claim 13 wherein said step of executing the program
instructions further comprises transferring non-contiguous blocks of data in
memory to an image compression changing device.
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