fe3ehnhj$@EDTIS - DATA RESAVPLER FOR DATA PROCESSI NG SYSTEM RELATED

APPLI'CATI ON This application i sllwmmmmﬂmwm on-in-Part of conmonly ofuAfi7002
“ co- pendi ng, wo9Rasant Applicati Y 0S/ 953, 772, whi ebTiusodiisbéyy
i ncorporated herein by reference. 5+*®b®*D OF THE | NVENTI ON Thi s invention
relates to data processing systens and nore particularly, to a data
resanpl er and data. resanpling nmethod fox a data processing systemfor
processi ng a st rBﬁWlBE§E‘%&§1E% Ot QW%&’&O&&SC?&INIGS/ Sé(&jrfgyent or related
data sanmpl es such as in a machine vision system BACKGROUND OF THE
| NVENTI ON Machi ne vi sion systens (or other systens processing 215
di nensi onal data) often need to resanple imges to adjust scale, rotation,
or other distortions in the origi narpidatsd plErTcherbwrt her processing. This
operation is referred to_herein as warping. For each_point in the output
i mge (rendered Tsul fPRAEGHL108e\iet af  pOPRLBUPR1IPRE1ROEREE CfaderPrnke
read and a Gt at !c%rlprée{&i%p,?d_ be depgrohne thpp1valata - tHerigsul tno A
wel | known conputationally eftficient technique Uses bilinear interpolation
for this p&%fg;g@rﬂﬁs wirhohi L AnfréhisiRearraEs ERBOR e Hel B dayl Befeirrefndi ng
the subgsanple | ocation in the source inmage to be rendered 25 (2x2
aperture). The hardware described is easily extended to - higher-order
i nterpol ation kernel techniques WHIERD fohcthe| BEENBERH a fixed nunber of
surroundi ng sa L i { n d el by.
nunber of well [Tﬁj‘nﬁ/\sn gggﬁh?g%}a}s%&%%cﬁﬁl g%%su%% %s%gé %glsg%glsciaer?ﬁ
har dwar e | mstzarepgationlarérvat ittel § dotputessample\rgd| 22485 oG in02
PCY/ US98/ 2463, Jpr tonbalalld YESLdEAndli LESL aNCEPARALERTS: T 6N o the
sanpling point to nove through the sourte 1Tnage at stccessive~sub-sanple
poi nt s10| n athedatus regnt aibiond nkeg i cahias eadii darterioe regupdts dorika teo repurtpel &6
| i near pat his. i. . inear DDA (Digital Differential
Anal yzer). r‘k\‘/‘ac-r&:’l Sus 131[ %e(r}noat@%n%q\{}e%g%u%&sgg ii gher order DDAs or a data
structure containing pre-conputed sub-sanple points to be rendered could
al so benefit fromthe tecml%éié&u}gi (glkegﬁ_;é gﬁﬂim\r’&olé‘ﬁmpl ex warping (e.qg.
mappi ng an annular ring to i near DDA har dwar e
typically requi nesHidargesngaber seknisndiod dvled | HpaE ehEUPRBES sEORGE 21
processed. Even a sinple rotation requires a new DDA operation to be

R :
executtd f FMERH GG of 2ERe RARR PREGe. LASTFRETALR 59 %het DDA A dwar e

to be reinisdaald,zedof s £QURN lor degiasdeaibherebbhsi encycid opegahbdNdaha
second probl em occurs in the rendering process due to the nature of

bur st - node PFeifdr i &3 {@rtherSBRAVESSARAN) . TS PREIRCHRRela1TefBhFed to
nei ghbor i neese] sawhi GArpusy.be frRiChedch point in the output image

(rendered result array), several points in the source image

20 are read and a computation performed to determine the value

) of the result. A well known computationally efficient
technique wuses bilinear interpolation for this purpose.

This algorithm reads four neighboring samples surrounding

the sub-sample location in the source image to be rendered

25 (2x2 aperture). The hardware described is easily extended

to Thigher-order interpolation kernel technidques which

nonetheless fetch a fixed number of surrounding samples.

The location to be rendered may be determined by a
number of well-known techniques. One technique suitable for

30 efficient hardware implementation iteratively computes
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20.0n each step do not generally lie on the same memory row. This can g May 2007
degrade performance as nenory addressing repeatedly crosses (thrashes)
memory row $8PA¥Pes during the fetch process. 25 SUMVARY OECTYSO¥RIENTI ON
Accordingly, the current invention addresses the speed problemof the prior
art by making a continuous stream of new paraneters available to the DDA
hardware. Hhe-ca{et dRyepbieDchsedi EReeenPBCRANaT TR O At ESsadfet PRe
menory thrashing problem First, address and data caches are enpl oyed for
re-using piSEMELiAG chPRadtal teadyeive BBERUBBL cHEP i nSRUBFEVI G epat
Second, 1 Ne JAWENL AN 2up-Y0r29L22458, B ML 150 CiRCTEWSIRIR406%, SaphohL s
SDRAM SGRAM ar chitecture by placing odd and even inmage rows in opposite

i nternal bdnkesandipferaeeev&Quagions moftPhamkaaddiess tpabht i cilfdte ithe
next oy addieeshIPAUkhEEn TR d., the fdFO tgghni qug Jdesori befetdrential
co- peng?vng 5 Patenbte App i%a,ti cs)n §eri al No. 08/ 953,q77§qi S exte_ndedr?% e
mtigate tHaakiFeads. t o Watipuat ehbgroft adiv isinest - pugdneadr ihdgheBRl grder

DESCRI PTI T I S ' S : r _%c&?ﬁﬂﬁg' [

which ill uos}ﬁtﬁrggst e&gng gg‘?%pl%@% é%isﬁ%?ggl%gogggs of "t eécror%%%ﬂ%mle

i nventi on; fAigure 0 ike argndpiedi edubfiogksdi agnamicf fidwm idvrgperearbydéng

to the presceontb' @/eq%%% 15 Figure 3Ais a block diagramillustrating the
u

addition of a data er to hold DDA paraneters; Figure 3B illustrates the
doubl exrdpuf f eri na:dalpA ddar aiBiAng I €8l §l ermEppLald t jark GwrRi1% )} S rankl 0ek  a
di agram showi ng the addition of 20 address and data caches; Figure 5is a

. . . Figure
schemati c diefraESHON ngragR) opef B9 onldPethe BB8r ede THEEE f BYRIEEE DIV he

present inueydiass Fi QUEEgE hanBesChREMBl{ L WA M VWRESD isldgwabhrat s, sgge )
exanpl es of cache operation; and 25 Figure 7 is a bl ock diagram which
i |l ustratePrdwe ati ofVeM t Re BiMBleachetabEYAl LEEADESER PTI ON'OF OPE

PREFERRED EMBCIINENT £ 9dEe JyAdd N ayer ¥hew 9bwa desanil ING Ri0Cassy30
according to the present invention. A 2-dinensional array of adjacent”|nage

dat a skhpl &he70edd Erbrieie | ADAehdrgwargpreabry refadd igld aetk efr eiveetly
fromthe d@eﬁgxsa@érsc%heg efficiency of operation.

A second problem occurs in the rendering process due to
the nature of burst-mode memories (e.g. SDRAM, SGRAM). This
is because all four neighboring pixels which must be fetched

20 on each step do not generally lie on the same memory row.
This can degrade performance as memory addressing
repeatedly crosses (thrashes) memory row boundaries during

the fetch process.

25 : SUMMARY OF THE INVENTION

Accordingly, the current invention addresses the speed
problem of the prior art by making a continuous stream of

new parameters available to the DDA hardware.

~——

The current invention uses three mechanisms to address
30 the memory thrashing problem. First, address and data
caches are employed for re-using pixels which may already

have been fetched in a previous step. Second, the invention



WO 991 27455 8 MAY 2D0? PCT/ US98/ 240b3 The resanpling grid 702 represents
poi'nts at which sanples are to be rendered. For each point in the 8 MAY 7002
resanpling o272, a result is generated (rendered) and stpcEUSISR4DEBE

2di nensi onal rendered output sanple array 703. Tn the 5 current enbodi nent,
for conputational efficiency, the resanpling grid or array 702 consists of

a series of straight_Lij nts. ,These se nts .can piecew se

appr oxi mat & FhPt peSé?ﬂ%sgggﬁstaorr%l%ﬁ?%@érggn?%n(?elraicnlgrp%eaégnc%m? nvolSes
movi ng al ongnaake fwd haseoppoestat ivpiaddy dénlspased, pacbatravytingedhe
steps. Thus, in the illustration, noving al ong the six resanplin rid
steps from™&%% %aé’éﬁeraﬁ “ihe fs%ve?'}“rle?ﬁo%‘—’f%% o{}f%utm@’é ueggf"r o%d%retsl‘?ough
B . Fig. IRBqgh&id.s theifdocess PIFro enslein hguonge ofribed15nl cpepensdgient s
(e. g. Atqg B). The initial sanmpling. paint 7 A). is represented as
an init?al P\ﬂ%')cﬂ”é p?’?@lll&i‘&rlé?sngﬁrfgé ?ﬁ? yi nogqg/és%m%ez array e’?%le,n ¥ Cand
y subpi xel affisetce fre@ t habraddr ess. dara eaddtdidy stoap Th2, BuRew-s@wl.i ng
point is conputed by adding the delta-x and 20 delta-y steps to the present
x-y positi SFMAHH¥Sf-ul | subpi xel precision. Each sanpling |ocation can be
expressed as a pair of mxed fractions for X and Y. The integer parts
representing pixel address and the fractional parts representing subpixel )
25 fractions. Interpol ati BRIES PEIIR TR G CEptTHE S GHRESanpl i ng | ocati on
s exagdly at anoriginal, gamplg point (Pothotragtional pads,are zenol,

Bi | i near interpaol&ion i nvol ves fetching the fouar pi Xel s~ 'sutroundi ng “the
sanpl i ng pdilitustiete t lat mewempidt | nft he Yrdeampliop | prokesst hef30the
"s;ride" caonst ant gtg% qy%&gnce between the rows in the original sanple
array 701. PYREFéndéreéd 6 But result is conputed by considering all four
nei ghbori ng pi x@liguaed 2 hes4 a WOnSPi P7€S5 b8 oY ddd dHaPChEUSYBY 2486Ber

i nverse distanc;.of he %an%!in% QoLnt fromeach of the four origina

sanpl es. TRECOBAOH £°451€ Br§Se5C JBNEPST857a corner address and a set of

i nterpd ati on cgebhirei ent 9 sf or bdaechk saapkent aliubernender ethe BaAdiedanpl e, a

| i near DDA requires the follow.n neters ich are |l oaded into workin
p:ar anet er ngg‘glfj@ité' gb‘%é:erl.tovsmgﬁgggﬁégap?irﬁﬁleggé?éss. 2. Sourcia starti nlg (5:](

and Y fracti onsri3Qr3. 3Belitawétandedekha- do(bleppudifetrhiagDDAAt 0 be
gener at ed) oynds (.to sgpply defaul t val ue when valid source

4. Cipping b
addr ess raﬁ@‘«gaf“?tggc&g&é&).erac RI¥B&r of points to render. 15 I'n the sinple
exenpl ary i npl emepuati @anishawblochedeapananshewsngr ¢éhkeoaded tiiwho o@DA uni t

o9l SLEY'S BLLQL LO,gaC ¢ OPSLALLOM

Figure 5 is a schematic diagram showing the operation

of the address cache feature of the present invention;
Figure 6 is a schematic diagram which illustrates some
) examples of cache operation; and
25 Figure 7 is a block diagram which illustrates the

operation of the data cache.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT

Figure 1A is an overview of a resampling process
30 according to the present invention. A 2-dimensional array
of adjacent image data samples 701 is stored in memory.

Typically these are taken directly from the data source.



The DDA unit 401 generates an interpolation corner address 503. The feém m
unit 402 u 59}925 generated 20 interpol ation corner address ‘5%%9glzg$nera¥%
four sourc®CHdH &5ses 505 of sanples to be fetched fromthe s 6}3ay
via menory subsystem O 120a. The DDA unit 401 al so generates a set of
interpolation fractions 507 (x and y fractions) for each point to be

rendered. Breauss MipMHPr¥r28 read rabeosyntas pigsasd bed ahsewheyfnples
herein), there is sone delay before valid data is, avajlable. The

i nter pol at#6f fradt§ oh€R887edre Netd $ACH POAOtE ¥% r5P8j FeSAMPLLrgutd fichor y

90d (FIFO €2, par mdding the Jdh pitidg 90leR0ErEaY CRindNi $t dE3 t OnCRRLI Nue to
operate during the nenory read 30 | atency period. An interpolation unit 403
recei ves pPkBfraaPR2309 RGPS Se P FOamHsT y aimayY FFD A odd ardde

interpgl ati@prént WRMASS ISR 8 MG ?POZoRETNG28124Q63 Eeactionsyp07 dHom
FIFO Q 90d. The interpolation unit then _conputes the rendered result

pi xel s, asiesBredipgentidto PEMOAFLEAOT ddf 027, camPisitkputef t e virid<es o ¢he

desti nati og. PRIBhY ng%t%r@qénég@@. via gpthirdsELRONFRMIAUNId e dWFQL S
90c. The destination address 511 is supplied by address generator C 41c. "

After eachapProRénderi mgneydwne woikki v parddmtiart ¥@yi st eFaco mendestinge

r el oaded. ipLec ta1 : a‘pﬁ% onsi dega ver d. i t

aut o-seque%%gge}igg(é}ellggrliv%%dwlc@-cpen |(%g&€f gf ggtgg’%t q&g%%i (?et#%o u%ﬁolt}ﬁ
08/ 953 0772spacedporatad: trrei Al bydr efteence) Thasrovies pbef drintarsde,a thuin,
still req%é@fn{y' U{i‘éﬁ‘ RO é&%OaIQEL%?iﬁgd Gﬁﬁr SAG0S T ¢ Andat et ghigng
aut o- sequencer rnstructi ons and paraneteér séts”Trom nenory between runs. By
pre 15 fetgémagatasgetid ockyeof pamdemta@r outpug avdateaesbufdfer A02 tdfoughgure
3A, nost of,this overhead is avoided. In Figure 3A, DDA paranmeter sets are
| ocated in nenory 0 120a along with the source image, but in general, they
may be | ocat ed Fihgei tler dewaordy. Fe¢ clpinugras anét erersédée sinagt eneheoflattée?20
buffer 102, is s operation, .oc rin enev. he_data_buffer 102
IS err%fr’y. J[ij?le%ﬁ %%I%‘Ién% gtesra Tgb%j ?’?er%rf#’éér a%ﬂr%ﬁ%%@sggmﬁginar goint
suppl i ed by04ddtess. geheraior Be@dserdtnedi gy e A, ianiftoit h WHAHEE@ mprinrad

unit which_ i art ,of . data buffer.,102, i.s al so us to _extend the 25
capacity o‘_’r‘d‘gﬁgsaaf% Al ?e?ri%ﬁl.lalfosfﬁ‘?tlﬁerara?/ao\/ dgg%érﬁ@gd Xde?%gls?’ Sub-

par anet er pegest efSsate dttdrh echatf aded eas .shofori eakehgumA 3BcedWo0Set s of
regi sters 420a-420b .are used, During a warpi operation, one set of
registers A20ar82Bh lsﬂ?pppioégtt he® \Aﬁgﬂpﬁ]gt al ggs %ggjt%gt ﬁgeDﬁie?:?? cui tar\ﬂ'ui | e
t he okler dslayayl abkpst acbeHeogadetsdmom-datpobiitien ©@2huddél cabpricde lof
sequencer 42éL. . I{l this way, no paraneter |oading delay need be encountered
when one DDA THR'PBfninates and another starts. 6 WD 99/ 27455

PCTNS98124063 Thathkeamprleiref f Locentionseaf benvyyprimsasivd deh curpadrt leef

rendering operation, an_address, cac 404_and, a_data cache 905 are added as
Chown | n FFEEFE. 528erEBRR0RRTo K MR Yo ORRT s LAF EBeF B PEASed S5 SEEP Y
data descrpjpter addrakbengnd WHd £eodt SetaDf panter pebatisen tinhgcisubpd x=07. )

25 fractions. Interpolation is required except when the
sampling location 1is exactly at an original sample point
{both fractional parts are =zero). Bilinear interpolation
involves fetching the four pixels surrounding the sampling
point. Note that movement in the Y direction involves the

30 “stride” constant (the distance between the rows in the
original sample array 701. The rendered output result is

computed by considering all four neighboring pixels and the



In the current enbodinent, the data cache 405 consists of two cache li(ﬁﬁi”ﬂﬂ?
(register sets) each holding two four (4) pixel nmenory words 17. The
contents ofwpisen@ssta cache registers represent an 8x2 pi xel RETASIRINEE0d.
The address 10 cache 404 has two cache |ines conprising upper and | ower
cache lines. Each cache line is conprised of two address ) registers. Each
address register en valid,_hol ds the address of .a word in source nory
1205 " Dat a YIRS U d2f (TG BUTRE 00 { BOLDEnF sl Fo680 e ife 2007
contents oforitginkl camimEspondi ng data cache 405 cache line. Although the
present invention is described in connection with four (4) pixel words per
menory word, thi%hd sDhbdt wrilti @bt i EAgef dhegpnesafiesi iveAPrbArasddredso
applies to W de n 0. . WO - WE e reciat t e
SR 11 ed i n PHE S0 5r B PR I BT by ch el D EELR. Sempy et I
addr esses Based andarsal i ncorfiory BBAmpdener aaddrigear | (DMherr sspripases thwese
with all valj j?sagse t.lyy: nesideny i h d :

determ nes%]dfl qﬁ&q{ﬁg atngé#{léelg%s"!”%llo&geégg %%‘%gﬁg QP ?gm%%e%?@c QD‘I:-\at]'%t(i)%etﬁé}cj

i nstructs trdegifsdtests dlita:402 to supply the required addresses to the source
menory subsystem 120a. At the sane tine, it encodes and outputs a data

descriptor 513 dontSa9iGfy ST LSS5 the data cache unit 405. The

data descri ptor spegi fies t t ﬁ%ﬂq is to update it's
registers from I%S'Fg%,&%%a E‘Ff%\/}‘lrtequ‘ﬁ ?ﬁ&?’dzﬁfq oW tloq?so'r m the required

i nterpphation ng gearhood LRCRIHIE S-Y eHIFR SLAHAIpbY b hglata. 7 WO
99/ 274S5 8 MAY ?~2 PCT/ US98/ 24063 I n the current enbodi nent, two nenory
vvo;ds are al ways f &ediedtfenever a cache line is re-filled, exploiting the
efficient burst ,node . N f The .dat a descriptor. 513 can
al so instruct tﬁle' ggtlg)%g% éo K tcf%llggég{{ @qﬁﬁelg eufﬁﬁlglrt giéac e Iwﬁjneerpf‘?%lrﬁ he

| oner cache |ine omource weidgassNotaagal s tehxateedwsad )addr ess cache 404 can

rel oad the upper fromthe | ower address cache |line or vice versa as the
addresses are procds8e®r Ofc®oiRd SddtCa TEAGFE -905 contains valid data, the

10 reqqu red four, pixels pplJ o_the |nt I it 403 ysing
i nformati on fror%nt hggaat %irﬁ%ggr iép’%(%?p%@,; %Aé}ge%vﬁqghaq{%épi ;%q{éjrwﬁldl atti%gr?%
fracti ons Pperaimetmrsl EQ«Q BoadedhienopePahi onidf ndvs siddresgrtacheo4@@dhs

detailed in Figure 5. The lower-left pixel address 516 is generated by 15
addi ng t he EFFPaé“519 to the corner pi xel (upper-left) address 515 using

adder 410. The sl $paf vhhiesa 0addeaesat dseRheSeftle rpJTRIMIGh adRSS .
containing the desired pixel. In the ;%resent exanple, there are four pixels

|
in each neAffyeRsr @087, dhG CRECE ¥ndt2dOsi LSSt thskdersddtes 20

Cprresmnd'ua@etrgoaatl@bhs cRfrnERMaLK raddr 893 2oyetrd BT AN Hlids of
pi xel position 515b and 516b within the nenory word. There are four working

addr ess refPsEerses1 P854 9Ed s6rgaRrzéd &S ER/GC IO 4dte I9HEL FHEN i r st

line 25 cormei ﬁ\%ﬁ\o&ggisﬁib% $t2h19 andadllbneTh®asesand qacha dd ne includes
regi sters 411c and 411d. In each line, one register (for exanple the |eft

regi st ers) 9628323488 215E€thOIFd4nLREPLIAILESS & aCHd PP Y/ wWor R7ehit ai ni ng

the Ieft piexabtiWishe repechedl pbeht(ker peXapldr dke I intad <RI 8feHory 30
411b and 411d hol ds the address of the next word. This neans that both the

left &wl rFGRE prkensyar@scerearabad edisemhs Tend SmRd Mor d9 956 rite P by
the left apdibyOBLf8re valid data is available. The interpolation

fractions 507 are held in a first, first-in, first-out
memory 90d (FIFO Q), permitting the DDA unit 401 and fetch
unit 402 to continue to operate during the memory read
30 latency period.
An interpolation unit 403 receives pixel data 509 from

a second FIFO memory unit, FIFO A 90a and interpolation

5



8 MAY ~ 002 5 10 15 20 25 30 WO 99/ 27A55 PCT/ US9812A063 address regi stfeMaY 2007
This is ill| usé; at%d by the exanples in Figure 6. The four mem)_@b | ocati ons
addr essed KdY 1A pi xel val ues shown. The p00 2x2 nei ghbothS §8PR24063 s
entirely within the cache. Wien the p07 nei ghborhood 604 is to be processed
both cache lines nust be updated. In the current enbodi nent, four new
rTEfTF(rjlyhvvor ﬂﬁa@t@oﬁet eged fiﬁfbrrt mH@a@esadod\bt grﬁélainmlﬁblé)ﬁi@ﬂ%rﬁﬂﬂhﬂ.ﬂ%n 607
cou ave been reused. This was not deened npecessar ue to the hig

SORANT SORATPERR SE Sb AR e ot ST (T3 1R Sior St B06EHEh 1 7 b
processed, mthgrlowBrdeaalg ldme Jwhdss lthe 60Sr@ndtd 1t h&0de st it ion

transferred to the upper cache line (words 00, 601 and 01 605%, and t he

| over regi REBPEY 48¥RSHSE 2 1d 1Z0P dbidatdt 1ot FHEC iPRIBAT Yt P bwer ET B9t Cwor d
address 516gc. Wenevae st igaahed idiisSssipsiat eds 4kyepi 16 egpnigdr 842 _
generates the right address or addresses. On the start of a warp operation,
all tour -9BPR¥AGOFefi §8€rs' contents are invalid until |oaded on the first
address step. 'T nor ddr es_b and 516 f the r-left 515 and
| ower -l eft 516 ?%3 S é%ég%con%%ﬁedr%%ggréﬁg f(% r%l\%()r kiu’r?érl’l(glg’ re sarrag'gei]tsetrers
411a-912d regisnesswhdlil vamudt usée ngedaygabrdat or siokk3ai 8t8hvedheon eswduisi of
t hese conparisons, plus, the .location of the pixel within the word

detor m ne EHBSSc: FORS IFERRIST (& ST ( he’ JaPdes tHRA A6 SECMERCTnt a
descr ipt or (@asodebed14 igenef@imandiniat avcache updatatdeagpilpicaridh7, N ch
enters FI FQ {%‘%gog gf Fi gure 3Agl al.ong with thg) pi xel _location hits 515b
and 516b a%® r4&écr i ProrrBIB2 L& ond WG H t heYi ntETHOF&Roh f FIRSCTRS
507. The epspelerméddedl smi NstiUtt Sdf ddiCr EDBBh ERg4FZ FiO Apdabe bt re )
addr ess cach(g w%r king registers 411a-411d usi ng data switch 418 and
sequencer 2R%®. 2 ﬁ@rs&ﬂfghcﬁ}m4f7’dal TRt RoPEIVEBCRE ARSLREE HOHR
nenory Vi aahdie getametdit 4025 Vidom fRémbr§i ghetwddB. Huns 8 MAKY?0Q7 MO
99177455 PCT/ US98/ 240G3 The_ data descriptor 517 i ncludes_ the si gn of the
vertieal DERCEYLRY gAPI9Fy, PEPEXs 5 OfTRAT YRR EF 1T ndBtPhE Ffafet PRIORF cH Ohe
fetch unitop Flghipgueal ABdtt be datia GAchadd lid esplivdat a fif ometike repper
and |l ower nmenory 5 rows. The y-sign 519 also instructs the source nenory '
control | er31('40936ﬁ* MIRBE B Bf SCE-ehEP nd C98tESt et BEPPIFYatd oh? OB/ 6331E72)
to prechangech henal tinade SRRHM, STAM aih ;[Nﬁéﬂékﬁlba&lﬁe@n ke BEeVbeus eldow
address rather than the next row address en asserted. This 10 strategy
reduces nehr $itEeEncYeRRENever F2TCAANY | PRE2TIRHSEe Tdcur 4Pt Phet e 88&R 919

al so peceiyesrar Chiop 11Pul Hegata t20opeertt Ba, DA dittidi AP lyh¥WeRe £ hichel S
asserted, the DDA unit has determ ned that at | east one source address is
invalid. 198%hi sbedder nolldta i fEMPRYd and PHELBGt a G TackRBFda ds

the signalmdmotepdphmepelat @ddds 23 Wi th oué pussppl dehaubly vabueeke the
result-C bus 17 for the corres]§$nd|_ ng pixel . e data cache 40S, Fig.

7, has foueT@atRF kPng Pegi stldt sE4985E9 180 enchoHEFBI HgED nBemeyy wipd t
Pairs of 20,1&9i st e%irf:“ﬁa/d%lc%b w'wlfé%fféﬁ,ﬁﬁs | gf5oandeki ght ex%@ﬁadthe )

conprise a data cac i ne hol ding ei pi xel s. The data switch an

sequedler FRTHHAteE wWbrkPagar byiffear 4 0815a- 415d based on the data
descriptor 513 fromthe output . qof FIF 0d. .\WWhen wor ki ng, regi ster update
is required, daf% i élr)t(?’?at tgﬁgﬁgf roo‘fﬁ%‘%ﬁgAggég?’sThepadﬁlﬁ S t CRI9APESESEN
al so nove akad a doeoleeduhfe tppernsangdhbevericathgulriene3B whenTwequigted. oFhe

data descrjptor, 513 i hat th f updat ds to th
sequence Gi°HHi B8 ed 2085 o* e Wit ce HAFARferfory SRbRYSPERF1268 .- 30

Pi xel out piie mBbti pifexeegdkbtesel erdGa 40l oguppilieks they Mvogkihe Kaqulesed

2x2 neighborhood for interpolatiqn using the correspondj FI FO Q. pi xel
sel ecgbfi et'r‘%Ist?hq’h@D%oF:llé§ﬁJ‘&r’Pdi“?&’g1 '%t'él??)o‘?‘ékf?’f)nl?r%g?gﬂgggo’?of PEMLPRESE FO

Q 10 from data buffer 102 under control of sequencer 421. 1In
this way, no parameter loading delay need be encountered

when one DDA run terminates and another starts.

6



WD 99/ 27455 8 NMAY 202 PCT/ US98/ 14063 are passed directly to the
intérpolation unit 903 which-forms four coefficients based on the 8 M7 T
" interpol ati omoberzmass ons; nultiplies each by the correspondi nge@insis2ygbue

to provide four products; suns the four products; and 5 nornalizes the
result, producing the rendered pixel value. Wen clip 520 fromthe DDA 401

is asserted, the_inter oI ation ){}{t out put's a defaul t val The r ender ed
pi xel output val G8s™& TP et YR It t&ﬁﬁ%{ﬁ 4t ng

destinati onthesrehaetrhexgcwgeemtlefmocﬁm@udréwrcal&dol@@4 Sarid & rcmdaer ed for
each nmenory word witten out, Accordl ngly, the resent invention provides a

novel data Fé§5ﬁpl48|5 Pae FBIEE ShFhBt ot 1B Bthadent e & ads FIFO

Modi fi cati ogsoandigsubatdd Utdns daa ae fr:0F i s e sddiptdh gihe Aaldngre
considered to be within the scope of the present invention which is not" to

be Iini t%ed Eké@p?aﬁiﬁ Bre Qlaiifd s H i Fraians ol aimed is: 11 8
— = CLAIMS até‘uéz‘?sa{m'e:%ogl datt%eprooa“tesswghéyﬁbgm Bnoce%s' ng

| ogi cal ly adj acent' &el& a Sanples, “sal r('fa conprisi A&

subsystem b6ér tgborciangreatl dreast (ediststr p$e|tal |eyclmfhdadanganpbe§oun h)e)

rendered; a d| it megéfrfer ent| aI a7nal YZgf ~(C%Q]@éntrsesggns Ve t o
par anet er sBtETf of gen@ra“ﬁ Hg” an i'nt er por ation corner "ad ress arg

pI urality ofegaisaesanmas:etsmrbe a’hﬁ) gedderiecl amig‘lmoraicsmgenmet adgresset
mtg olatlg t gtlogs tch unit, for recelvmgthe eeéated
|nt er pol-at i 6AEGr n4e ad@Fes démt’fafc gehBP &t i FYPR G buP Beéidaalgegs Shisid
data sanpl esatheba ifrrRiched HFacdim Sacide meddey {5 sohpystedl of ftust abliFess
ry, for hol di ng said | nterpgl ation fractions ?fg]d for Eermttl sal d
P gr fror yVa

DD and fet ERILAFEI o coMaHue2f8rE58r K RITUF Ty edd 1hg

periods; 20aadseeend rFlFQrdmedoLy, sb@fcho}nemagyplmela dat@eta ftérﬁttlaéidtﬁ§$
gener at or ; ddr%ss cache and a data_ca wherein said data cache

conpri ses a‘f’ofgasf‘ RYHE B‘éseE%Huﬁglléﬁ RECRE TiTor §POTHS atd ©
wher ei nSsai GoﬁﬂdBQSEd@a@hedﬁﬁgprt§@5eat405 cache line. Although the

present invention 1is described in connection with four (4)
pixel words per memory word, this is not a limitation of the
present invention as it also applies to wider or narrower
memory words as will be appreciated by those skilled in the

20 art.

Address cache 404 computes the four required addresses
based on the incoming DDA corner address. It then compares
these with all valid addresses currently resident in the
address cache 404 and determines if any new data needs to be

25 fetched from memory. It then instructs the fetch unit 402
to supply the required addresses to the source memory
subsystem 120a. At the same time, it encodes and ocutputs a
data descriptor 513 c¢ontaining instructions for the data
cache unit 405. The data descriptor specifies how the data

30 cache 405 is to update it’s registers from FIFO A 90a if
required, and how to form the required interpolation

neighborhood once it’s registers contain valid data.



2% least two cache lines each conprised of two address registers, eachg My 7902
address register for halding an address of a word in said nenp subsyst em
and an i nt¥PP823%Fon unit, for receiving pixel data from sai’&T é‘éc"%ﬂm | FO
menory and i nterpol ation fracti ons 30 fromsaid first FIFO nenory, for
conputing rendered result pixels, for assenbling said result pixels into

mermory words, anf £1& @utr@ehtti RENCTA 1 6heFRITOMYv MO E P Fodast inat | KT AREDrY
12 ~~~ ", .~ r~t~ MAY ?00? address supplied b sal d address gener at or

in a destife&Gherd nyhﬁw@abs?ys%?ﬁ%. diget His or £TEE 199, TREPdQLE 16k alpe er

as clai m@ﬂﬂcqle%ﬂtm iLJufrlértt hesdd taphBdhRgy of dakAMDEERAN,. T Onpeol dihg DDA
parameter sets in Earameter reqgi sters, said DDA paraneter sets fetched

from sai ddt?érﬁifrly:’ts%bs? BefPheRePer NSHIP Hatthdder FachapPS aml 1eea

second; adqiRss,, gg@%r aEQthef OX3 S4P R A9 £ B MO Y SHO st adaiesses {ocskid
menory subsystem for paranmeter sets to be retrieved fromsaid nenory

subsystemvegsa‘l'he Nata |aé§92rrﬂilf@rt ddrec| addmrss ncefbenf @4 foant heglogl the
i ncl udi ng, 3, &) %;%#'mti)o@éi_egddws&ég LFeg ey C\II i efs and

wher ei n sai par aneter regi sters are ere and conprise two
sets of regidtesrsss af¢rprocetsed. ' which suppl ies working values to sal d
DDA and a second set which is availaple to be |oaded fromsaid fo

FI FO 20 under Y& ol T Q’ber (f&as uTREE i i bt SO R 1S m‘f?a]tJe Yrfat eruh

| oading d%'e%%ux‘bd [ﬁ@ﬂgeb@si]alaSa&e Bipplaten r@éaﬁﬁbeﬁn&%r(ﬁo@arﬁ%ﬂ nglai m
1, wherein w dth of said flrst FIFOis increased to carr%la data

descri pt o0l o WPt K ERIMAlEOTHf TFAPeritR afPBA ASRITIGHCT 65 PcarbPR] 30

7. The datathesHdlaitaspsl Al 16 fh &l fdria 1sdvrff@ﬁ pmr@sgog an adder for
generating a lower-left pixel Z3 ~, n ~. ... .. ~r~ ~

8 MAY 2002 The operation of the address cache 404 1s detalled 1n-
Figure 5. The lower-left pixel address 516 1s generated by

15 adding the stride 514 to the corner pixel (upper-left)
address 515 using adder 410. The msb’s of these addresses
represent a memory address containing the desired pixel. 1In

the present example, there are four pixels in each memory

word 17, and there are 26 bits of pixel address

20 corresponding to 24 bits of memory address 515a and 5l6a and

2 bits of pixel position 515b and 516b within the memory

word.

There are four working address registers 411a-411d
organized as two address cache lines. The first line

25 comprises -registers 41la and 411b. The second cache line
includes registers 41lc and 411d. In each line, one
register (for example the left registers) 41la and 4llc
holds the address of the memory word containing the 1left
pixei, while one register (for example the right‘}egisters)

30 411b and 411d holds the address of the next word. This
means that both the left and right pixels are contained

within the two words pointed to by the left and right



address from an upper-left pixel address by adding a stride to said MAY 720
upper-1left pixel address. 8. The data resanpler as clained in clai mﬁ 200z

further 5 gaypgsAatNg four working address registers organi zg
address cache lines each having left and right registers for ﬁ?s&)ﬁ%“

addresses of nenory words, wherein in each line the left register holds t he
address of the nenory mnrd containing the left pixel, and the right

register heﬁdseﬁheﬁagkﬁkﬁm%s ofhtthe Wsexitl Wbttcated The ddtea ¢ezuppter ias
clained ingelai.m @ further conprising an increnmenter for generating correct
menory , ~ a resses, whenever a cache line is updated.-- , . 15 10. The data

resanpl er as cl @h@Edfbﬁrdﬂéxﬁbﬁyf urddeedi srpradeireg sald | @a3ld or@eCcoppaeat or
for conparin thesg[$mry addr esses of the u nd | ower -1 eft pixels

er-le
with the cBALBAREs TIOYLL fdd® woP ki Ag2adti ‘%rélﬁcé{ eP82 Jges e‘TFnérﬁ ¥a

resanplser @astghai @@ i faghal M Yher Utm@epooomylwmmmcdasa«; descri dt e
encoder and a data switch and sequences, sajid descriptor encoder for

gener at i ngPACHEPASEadRE PusPtE desRed gttt aRe PBR3FRE: r udt ngh @ af BT B8RA

switch 25 apdogeRHRRCeS dud YRAAlRehdS, addr@sSacachetwheki ng r@@issteé_s,eand
to request words to be fetched fromnmenory via said fetch unit. 12. The

data resamdPee &bad| Hmds i Al cPAPmand vlﬁ‘er ef %7 360947 d hgyea Q%her‘ééﬁﬁﬂl ses

four workifg;seqi=x eﬁéte@%n@@l dj e £ IBPORY WA, ¢ Bl Mg@gl §beAs, S&RrAMged
inleft and right pairs, each rv\Palr conprising a data cache |ine hol ding

twi celfhe RuRBEr tsmdyidihs. peMhfmothe wpld, naighbarhoad §$>t6 | Fs~wmRx be
~~atltJ~ process@d %hgﬁxoweg g%%heThgn@au@o&%gaﬁmﬂeﬁﬂﬁﬁ ﬁ?d 667?|a'm

12, further including a secon ta swtch and sequencer updat e$§
wor ki ng r egrst érf§nl§é§éde@ln thetbat HP§@§CIC|a|§th@r ]flrftﬁm SW@h@SOthOput6CUf safld

first F F%?”%o%)p' Xl g O, puh Spubt | ;I%Iggé exs 411c ndA4'tiE§h°aCLe°f r%?é@%' | ng

data for data processi ng system | ogi cal |y adj acen ata sa sai d
met hod 10 ﬁomrtbengnmnmglwenelas:,ﬁt dered sanpresst 61be - r effti@reaien a

Memory ssubsyshem; ganesat i igy, 4 o e%l%%”sfn&i)e]ﬁérgté?' 4@'2““9%@%% azéﬂzer

(DDA) paraneter' sets stored in A, par aneter set |, Isters
i nt er pol atIbﬁhboaﬁéreaédﬁéssdﬂ@ﬁsa%arrpl e to be rendered and a set of

interpolation fractions u5| ng a_digital differential |y

recei ving the gBRerdt®d SitRtér pof atd oW2EBr nde L ¥'s érr}ra ré@HGns‘f‘?/)ek’r%gsal d
received iné@ipokasi ordifdirss 20raddmness.idjenet ol | ngabedr souree agldresses
of sanpl es@é&abe f et ched fli]om sai d rrem) subs séiglgum n ddr ess. cache;

conpari ng SFHurs SRUr cé "FddTBELEY \ﬁ ad s T e t °fn F3%r
wor Ki nQ adgppess-1egtsttans Hfd sabWeadleess 5Q@Cftﬂ.xels are compared with

all four working address registers 41la-411d contents when
valid, using comparators 413a-413h. The results of these
comparisons, plus the location of the pixel within the word,
determine the actions required to update the address and
25 data caches. Data descriptor encoder 414 generates a data
cache update descriptor 517, which enters FIFO Q (904 of
Figure 3A) along with the pixel location bits 515b and 516b
as data descriptor 513, along with the interpolation
fraé%ions 507. The encoder 414 also insg}ucts the
30 incrementer 412 to update the address cache working
registers 41la-411d using data switch 418 and sequencer 419.
The sequencer 417 also requests words to be fetched from

memory via the fetch unit 402, via a fetch signal 518.

)



25 determning if any new address needs to be fetched from said nmenory § MAY 295
subsystem hi ng-any required address from said nenory stem

hol di ng sa&@ 9&?}3§pol ation fractions in a FIFO nenory to perP é%zdo%DA to
continue to operate during 30 nenory read | atency periods; holding pixel

data in a second FIFQ and receiving pixel data fromsaid second FI FO and
interpol ation fiact idss f I’Méﬁiﬁtcﬁfl’%lﬂ Fﬁuamddegrrpuhbngslén ¥yl the

Ix.~) C'. ~ ,~~ - Pé Y ?00?. rendered result

pi xel s, ad&diGaly SRAd r‘@sﬁf‘?nﬁ)l et g | rﬁldg rrerf?nry VoHES | SSitsFinesy §hed

words to gridfsti patiwnideMine addiesns shpp! 'hﬂq_lb)’r@@ju@@@r €884 Y& abigkal N a
destination rrem)ry subsystemvia a third FIFO and rel oading DDA 5

par amet er CHAhe elji-dter E2GPEER SR B DA Tendbei NdPESE| e2nd 5, 1qedn cBRBAF Y16.
The et hod Rfs resafpbi ng-daga asi 6l alyed iimd@idndo b uuther gepBrisi ng
pre~fetching bl ocks of parameters into a data buffer. 17. The nmethod o
resanpl i ngUEReldecl ail fBd il cl BIavra6 Purtdkr é@nﬁﬁiﬂgillrﬁl@ ddibl ePBGEPEri ng
said_par ALl L JRPT SUEEobDY 970Y10 SeLS ObJRMARIS, nlirshiEeghater
set of said two sets of registers of which supplles vvor k| ng ues to said
DDA, and #DRASUFERASYI stldreweate ofbawk chon s @W%u Inbe@wmbermadeddt%m
said fourth JIR0 upder GoRlrole.af 2o5e04BRCES @qeratsge%ltleg nat erp; s

par amet er Ing 20 delay. r,;,18. The net resanp in ata as

cl ai nEd i ﬁtmaduemyllrefcummrmemﬁpyu éﬁhgnpyowh@m@g’% obatcaa@a@hbllh@vupgatao

cache Iing hol g :%qrm i f_s | e
19. [cancei%e 20. ?h@ : V(\%o 5¥%2§F¥%?l r%c%altc%sgs cl%al r?ecsi1 clgiwnlq%% 14
further coRdri&iang ehneodDAg waridk om@puttlwﬂ@na dat a1 descarsqmmmd whilodh DDA
specifies t da s ¢ pdat e regi sters from sai d second
FI FO. 16 rbﬁW ESE ~é&§%?$ﬁa %ddd%f %Eégfml(?%g ata as 6 glrﬁesé in°
clai m 20, ifwatitier. conpri shag f@améu ngpct v@amarmrsy fetdsevhemedercha cashe
Ilne re-fill The net ha f 0 dt as_cl.ai aim
V\%er e &g chav’farcc?ises fr}‘lepts(% naaIC‘ILsgcol n?t‘ruc é g P témclé:c maf F%ﬁh t he
upper cachatpute faomi¢heuloweralbaeched i nbe result-C bus 17 for the

corresponding pixel.

The data cache 405, Fig. 7, has four (4) working
registers 415a-415d each holding a memory word. Pairs of
20 registers, 415a/415b and 415c/415d 1left and right, each
comprise a data cache line holding eight pixels. The data
switch and sequencer 416 updates working registers 415a-415d
based on the data descriptor 513 from the output of FIFO Q
904d. When working register update is required, data is )
25 taken from FIFO A 90a. The data switch 416 can also move
data between the upper and lower cache lines when required.
The data descriptor 513 insures that the sequence of updates
corresponds to the sequence of addresses issued to the
source data memory subsystem 120a. -
30 Pixel output multiplexer 417 selects the four pixels
forming the required 2x2 neighborhood for interpolation
using the corresponding FIFO Q pixel select fields. The

corresponding interpolation fractions 507 from the FIFO Q

10



10 23. The nethod of resanpling data as clained in claim2l, wherein 5@&@ 0
data descriptor also instructs said data ,; ;.~:~ cache to |load the | ¥202

" cache |ine Woowntsse upper cache line. 15 24. The met hod of resausbs/ngsxat a

as claimed in claim 14, wherein a |ower-left pixel address is generated by

'- adding the stride to the upper-left (corner) pixel address using an

adder. 20 25. The nethod of resanpling data as clainmed in claim214, further

conpri si ng BrYakPFERG t AT EBEL Ywor ki Ad*eaddrEsspolation eyndter 403 s ihich

address caghfgrld negsRach eeatiigiagekel t bandari ght adgress 1R PE = ion

hol di ng the address of the nenory word containing the left pixel .in the

left registferrIE ifF MBPHFHR B8 888Pedy dih& heChEREPRBAANEN Pife Ly ivgHiue

address redist rod@e Thauret MbRfctLsSanRidNg wat a @sa €l ghrthdds;cl gy 25,
further conprising generating correct nmenory addresses 30 whenever a cache
line i sSupderds ety Bhei ABaREnt #T0PYCinthe LhBt HRPR L@ BABELNY dar as

clai med inygleal M 26;pf urdher @Qgﬂri S cepRarifg t hg JTenpEyeaddhess ofe the

17 MY 1 Al H'"'~g~~. ~y \ar~ Y w . r 8 MAY 2~r upper-left and
| over - | ef t ipibesipp it hendbntaripaitef al [deffeurd twoV RIERG - addFBSs Hedgiestast s.
28. The rmtprl%lc’four 4N da aCkéd n?xqtbnac}n@}n%é/ %Z)’Idf lé%tdh%rutput

conpri sing generating a data cache ‘update descriptor and instructing a data
switch , aztt@ stheedsstingtupdat bushe addr €8s caoh@endr kemgodenést er £ oaryd

reguejvi% ng OIS g%eb%efn;%}ye%%ﬂ ORI Yeko P oy WA EedfToudt rs T
Accordingly, ‘the present invention provides a novel
‘ data resampler for processing logically adjacent data

samples.

Modifications and substitutions by one of ordinary
15 skill in the art are considered to be within the scope of
the present invention which is not to be limited except by

the claims which follow.

What is claimed is:

11



CACA LA A@Le. AA e. A9 AYF?. Ah. A& e. A Al,E. ASFr. A@ . ASS. A, . A% A, @WKkl 0 &5

: h|~xsn|d ZLﬂca]ca]ca]ca]ca]ca]caU]ca]ca]caU]ca]cRa]ca]ca]ca]ca]ca]ca]caaMquW

] ca] ca] ca] ca] cMa] ca] ca] ca] cMa] ca] ca] ca] cRa! 5vV@Ual ~ytoj e_Zid_ZU] ca] caU] ca] c

a]J ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] cha] cal] ca] ca] caU] ca] ca] ca] ca] ca]

ca]ca]ca]ca]ca]ca

| {)tuHwWet.V'["g"T"' zupkfa\Vq]ca]ca]ca]ca]ca]ca]ca]ca]ca]caU]ca]caU]ca]ca]ca

] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] cEE&dMEa] caUlcalr""n$o$ ' (($)%)))
*++. 0000011233Q4R4556~y} 0 ca cal.ca ca calcalca

a]ca]ca]ca]ca]cgﬁ] y 3ﬁ¥%¥lkf £F5Qf%l %fbgfcgﬁﬁg?cg?ﬁég%%%%q 7f%k$?%$

99, proce551ng logically adjacent data samples, said data
L; x<y<3>4>>>>>99999 ] X] ]] ca] cal] ca] cal] ca] ca] ca] ca] ca] ca] ca] ca]

ca]ca]ca]ca]c§]c Jfé%f%%?ca?# ] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca! o @AOIACCEEXF

A]FaFJ LFJ}FFHHH 111 JJJJ$J%k2h1herM‘M;'Wﬁ@hWidﬁa§€@}n&} catcatastcal £arse] c”

aljc allc

a] ca] ca] ca] caPiAred ] &ff datairnies &8 28 e§rd8teita] ca] ca] cal 000 PI PrTP
PLQQORRSSSSATr TUTTTTTUUWJ WviSHededlt]ilaQ] cal £} £&% cRboal)cal e

a] cal] ca] ca] ca]ca] ca ca]ca]ca cal calca] ca] ca]ca]ca] ca ca]ca]ca]ca]ca]ca'8V®VV

f Vi VNS XXX RYZ | PEYAMELETY [ \SetA 2\ \BAR, qI 9IS abinch] &} c AHARRY

ca] ca] ca] caj C@]o%@]:cahaaub@a] cedealdlca qa]raah% ]cafcaw@d ca} ]1@@] cepcale
ajcal'\?] a blg dedf 7f >f DI Ff f o kkkk~ytojpe’ [

a]calcalc %caf@gﬁ ]CQP a] %ﬁﬂéﬂf%h]%ﬁ?%ﬁ%gaTgaF%aféﬁ]c%%c Rﬁ?latlon

\ﬁﬁ]caU]ca]fabc&hombqa]ca]ca]calkkkklRIln$n8n6n9ananhnede4f7f>fDfFffgg<h
kk~ytoje [UU] c

a] ca] ca] >c/a] Jca] E:a]U]ca] ca] Gaffecdnyrdd) c fmreqeing e JeagEaksLal c ajc
aUc aUc a] Cah&é}:p@h‘a&]l@rﬁ]dbrﬁieﬁs add@ed S Y (Jend B HNPPROWY -source

0, 0 0, * 0,
s" 100008 () - SARTBRERE PF AR oYy ) B4 S TOAd Th) s MR ()
~ =l #1008 (pubEpetem;) - 100 100 10C 10908 () 9" 10%08 (O)-!p 109860708 () -
a first FIFO memory, for holding said
inte#poiation fractions and for permitting said DDA and
fetch unit to continue to operate during memory read latency

periods;
20 a second FIFO memory, for holding pixel data;
" a first address generator;
i;} an address cache and a data cache, wherein said
data cache comprises at least two cache lines each holding
) two memory words and wherein said address cache comprises at

25 least two cache lines each comprised of two address _
registers, each address register for holding an address of a
word in said memory subsystem; and

an interpolation unit, for receiving pixel data
from said second FIFO memory and interpolaftion fractions

30 from said first FIFO memory, for computing rendered result
pixels, for assembling said result pixels into memory words,
and for outputting said memory words to a destination memory

12
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-E ] - .
WU3~_=! 3%4.090JU& ()-!] @ 10908& ()-!e@ 1090JU& ()-!s(10%& ()-!s(109R&& (§-MAYIM;
% U U& ()-E }[<1= 10 U8s10% U& ()-!~,3%0% U U& ()- !,3%0%U& ()- 3+ 10%
U& ()- + 10% U& ()-! 3%40%JU& ()-5vdB= 10 U &109&' () -!

$10965& () -! $109%5& ()-! @109%65& () -Lnl0%& ()- 10 U 10 Uv*) w3B=
H{&10%5h5& () -! p&l0%& )-Lv&lO%@c&f&&-!é 10@NAMA&Tg?-!&109g5£5&f():!}&10®w
5v5&f()-@PRSzPQf£ess supplied by sa address generator i destination

105 9510968’ ( hethory0%BBsiEtEASVEEE (Khird0$1e¥a5ass () - ! &10%F& () - ! v&10%5
c5& () - STUa{ _v) a?=
105! 9GVA0%HHE () -! 9VA0% " & ()-! 9A0% " & ()-!#l 109 ()-'y' 109%& ()- 105

105) zHz X67= 2. The data resampler as claimed in claim 1 further
5 including:

- a data buffer, for holding DDA parameter sets in DDA
parameter registers, said DDA parameter sets fetched from
said memory subsystem whenever said data buffer is empty;
and

10 a second address generator, for supplying memory
Rar subsystem addresses to said memory subsystem for DDA
) et parameter” sets to be retrieved from said memory subsystem.

3. The data resampler as claimed in claim 1, further

15 including a fourth FIFO to extend the capacity of said data
buffer, and wherein said DDA parameter registers are double-
buffered and comprise two sets of registers, a first set of
which supplies working values to said DDA and a second set

of which is available to be loaded from said fourth FIFO

20 under control of a sequencer in order to eliminate parameter

loading delay.
4. [canceled]

25 5. The data resampler as claimed in claim 1, wherein
the width of said first FIFO is increased to carry a data
descriptor along with each set of interpolation fractions.

6. [canceled)

30
7. The data resampler as claimed in claim 1 further
comprising an adder for generating a lower-left pixel

13
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10! (5@ +10%{ & () -! x@ +10% () - @ +10% ()-!s@+10% ()-! @ +10% () - u@

+1090Q% () - HIKLMYt 3~ = 8 MAY 10M
101 (1 $10965& ()- G 10%6& () - g! \ #910965& () - - &1096& ()- 10 10

108s109%& ()-35xV5~ = 1 p(10%] & ()-! &WA0IB5& ()-! &IA0YR ()-!940%n m & () -

%04 {& ()-!: $10985& ()-. ! V' WA~ = 11"y&10%TBN6& ()- "y&10%& ()-
Il " y&109%/Y& ()~ ! 10%TBNB&! I" 100 +v+& ().- ) .
| ~( >1/00/<k5k5&"'§ X 3 gop. an. upper -l .E‘&(Rb&éfl&a@)ﬂﬁ%s&(bﬁ’o%q%}'&?-%%%Elde
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1111 @FR0vsegnpEra g Epuriworking address registers organlzed as two
address cache lines each having left and right registers for
holding addresses of memory words, wherein in each line the
left register holds +the address of the memory word

containing the left pixel, and the right register holds the
10 address of the next word.

9. The data resampler as claimed in claim 8 further
comprising an incrementer for generating correct memory
r addresses. whenever a cache line is updated. - -

15
10. The data resampler as claimed in claim 9 further
'comprising at least one comparator for comparing the memory.
addresses of the upper-left and lower-left pixels with the
contents of all four working address registers.
20
11. The data resampler as claimed in claim 10, further
Qi? comprising a data descriptor encoder and a data switch and
sequencer, said descriptor encoder for generating a data
) cache update descriptor and for instructing said data switch
25 and sequencer to update the address cache working registers
and to request words to be fetched from memory via said

fetch unit.

- 12. The data resampler as claimed in claim 1, wherein

30 said data cache comprises four working registers each

holding a memory word, said registers arranged in left and

right pairs, each pair comprising a data cache line holding
twice the number of pixels per memory word.

14

&r\;: ‘V
e g

ﬂﬂ'f' _‘, .



10 109 10%& ()-!n9 % 10%we& ()-f!i9 % 10% r& ()-f0123335WU3{\:

| XYQULOUKKE' () - (1" 100&' ()-]!1Z(10%BB&' ()-g! | Z(10%:#&' () - g! LK(10% () - ' dykfizay
09%&' () - g5557077772X9. : U
10&8° 109& () - ! Y+) 109KKE () - pY+) 109%& () - p! eY+) 109KKE& () - p! ("109%& ()-b!j Y0

K& () - (777777777nN Y+ 10%G& () -# 10%G& ()-F 10%G& ()- 10%G& ()-f3

109G& ()- Y(109G& ()- 10 10777@L; 2?2?2724/ 10GL" 9t 109G& ()-! Ym' 1096GG& ()-!13

m' 109%GG& () -f Y" 1096& () -g! 1096G& ()-2 109G& () - 2?27?97 @\@BgE/

10G } &9: *109%& () - 89: * 109" & () - MLl &9: * 100&' ()- L1096 & () - y) .

1056 & ). 206 ib éycmo% ) fabh "hefBnp1dr® hh-ETLIAGY &ib) " cYhin 12,

| 0&9: * 109%&' () futtBOr* 10w udingl lar&Secd0da38at ) switted: “raYes équencer &9 whiobs

=& ()-ml!}&9: *1QYR. () = Rl E\ E]l ENELER. ' .
1, g$)10tye&' }%) - f\lﬁ‘g{g%/i) Z”)B?‘?%l[&‘;?&f]oég%l:dg%sq ﬁ%%fc} &Py thgpdakp descriptor from
the output of said first FIFO and a pixel output

multiplexer. Lo

14. A method of resampling data for a data processiﬁg
system for 1logically adjacent data samples, said method
10 comprising:
I storing at least data samples to be rendered in a
) memory subsystem;
generating, in response to digital differential
analyzer (DDA) parameter sets stored in DDA, parameter set ;
15 registers, an interpolation corner address for a sample to
be rendered and a set of interpolation fractions wusing a
digital differential analyzer (DDA);
receiving the generated interpolation corner
address and responsive to said received interpolation corner
20 address, generating four source addresses of samples to be
fetched from said memory subsystem using an address cache;

Qﬁ? comparing said four source addresses with all
addresses resident in four working address registers of said

) address cache;
25 determining if any new address needs to be fetched

from said memory subsystem and fetching any required address
from said memory subsystem;
holding said interpolation fractions in a FIFO
memory to permit said DDA to continue to operate during
30 memory read latency periods;
holding bixel data in a second FIFO; and
receiving pixel data from said second FIFO and
interpolation fractions from said first FIFO and computing

15
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memory subsystem via a third FIFO, and reloading DDA
5 parameter set registers after each DDA rendering cycle.

15. [canceled]

16. The method of resampling data as claimed in claim
10 14, further comprising pre-fetching blocks of parameters
>, into a data buffer.

17. The method of resampling data as claimed in claim
16 further comprising double-buffering said parameter
15 registers into two sets of registers, a first register set
of said two sets of registers of which supplies working
values to said DDA, and a second register set .of which is
available "to be loaded from said fourth FIFO under control
of a sequencer in order to eliminate parameter loading

20 delay.

&y,

bt 18. The method of resampling data as claimed in claim
17 further comprising providing a data cache having two
) cache lines and holding two memory words in each of said

25 cache lines.
19. [canceled]

20. The method of resampling data as claimed in claim

30 14 further comprising encoding and outputting a data
descriptor, which specifies how the data cache is to update
it’s registers from said second FIFO.

16
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5 22. The method of resampling data as claimed in claim

21, wherein said data descriptor also instructs said data ---

cache to load the upper cache 1line from the lower cache

line.
10 23. The method of resampling data as claimed in claim
e 21, wherein said data descriptor also instructs said data
)“ﬂ cache to load the lower cache line from the upper cache
line.
15 24. The method of resampling data as claimed in claim

14, wherein a lower-left pixel address is generated by
adding the stride to the upper-left (corner) pixel address

using an adder.

20 25. The method of resampling data as claimed in claim

. 14, further comprising organizing the four working address
S registers as two address cache lines each containing left
and right address registers holding the address of the

) memory word containing the left pixel in the 1left register

25 and holding the address of the next word in the right

address register.

26. The method of resampling data as claimed in claim
25, further comprising generating correct memory addresses

30 whenever a cache line is updated using an incrementer.

27. The method of resampling data as claimed in claim
26, further comprising comparing the memory address of the
17
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