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(57) Abstract

A data resampler for a data processing system for logically adjacent data samples includes a memory subsystem (120a) for storing
samples to be rendered, a digital differential analyzer (401) for generating an interpolation comer address for a set of interpolation fractions.
The resampler also includes a fetch unit (402) which receives the interpolation comer address and generates four source addresses of
samples to be fetched from the memory subsystem (120a). The resampler also includes a first FIFO memory (90d) for holding the generated
interpolation fractions and a second FIFO memory (90a) for holding pixel data. The resampler further includes an interpolation unit (403),
pixels, assembles the result pixels into memory words, and outputs the words via a third FIFO memory

which computes rendered result
(90c).
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FIELD OF THE INVENTION

This invention relates to data processing systems and

more particularly, to a data resampler and data resampling
method for a data processing system for processing a stream
10 of data containing logically adjacent or related data samples

such as in a machine vision system.

BACKGROUND OF THE INVENTION

Machine wvision systems (or other systems processing 2-

15 dimensional data) often need to resample images to adjust
scale, rotation, or other distortions in the original data
prior to further processing. This operation is referred to
herein as warping. For each 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 uses 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 higher-order interpolation kernel techniques 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

1



30 efficient hardware. |[nplenentation iteratively . conputes .

1 72 rizontal and vertical difference equations which cause
t he smp?lﬁd fgoi nt to nove through the source inmge at PCT/ULD824083 s ve
sub-sanpl e points. In the current enbodi nent, t hese difference

equations conpute a linear path. This is 5 connDnIy known as a |inear DDA
(Digital Blofﬂl&roemajlaland veﬁrwic/az:erdlffééaém@alSe@uhéleioﬁecmmne&a&%h the

hi gher order a data structure caont Lping pre- conmput ed
sub- sanpl éampllﬁ’(ﬁ nt%mt‘?)t be “Pend&dV&d %%H ‘%P B@nef UEGHm thR9Bec @t ques

to be deselideedsive sub-sample points. In the current embodiment,
these difference equations compute a linear path. This is

5 commonly known as a linear DDA (Digital Differential.
Analyzer). Various other techniques such as higher order

DDAs or a data stfﬁctufé'éontaininé pre-~computed sub-sample

points to be rendered could also benefit from the techniques

to be described.

10 Complex warping (e.g. mappihg an annular ring to a
rectangular image) using linear DDA hardware typically
requires a large number of individual . linear segments to be
processed. Even a simple rotation requires a new DDA

“* operation to ‘be executed for each row of the output image.

15 The need for the DDA hardware to be reinitialized frequently

degrades the efficiency of operatibn.

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
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BRIEF DESCRIPTION OF THE FIGURES
10 Figures 1A and- 1B are schematic diagrams which

illustrate one example of a resampling process. of the
present invention; '
Figure 2 is a simplified block diagram of the warper
according to the present invention;
15 Figure 3A is a block diagram illustrating the addition
of a data buffer to hold DDA parameters;
Figure 3B illustrates the double-buffering DDA
parameter register circuit;
Figure 4 is a block diagram showing the addition of
20 address and data caches;
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.



new paraneters avail able to the DDA hardware. . The, current,

I nvention uses three nechanisns to address 30 the nenory thrashin

probl em WO®/237485 address and data caches are enpl &FEPFPER4062. usi ng
pi xel s which may al r eady have been fetched in a previous step. Second,
the invention 2 exploits

SDRAM S@g\%arﬁﬂéﬁiﬂ& pxial AN O G5k Ak SVBBints 1BUM L ONS shihplRROSI t e
i nt ernal banks and “pre-acfivating the next” bank address to anticipate
t he next Ro® dddrkesrendered. For each point in the resampling grid
702, a result is generated (rendered) and stored in the 2-
dimensional rendered output sample array 703. In the
5 current embodiment, for computational efficiency, the
resampling grid or array 702 consists of a series of
straight 1line segments. These segments can piecewise
approximate any type of warp distortion. Each rendering
sequence involves moving along one of these lines at equally
10 spaced, arbitrary sized steps. Thus, in the illustration,
moving along the six resampling grid steps from A to B
generates the seven rendered output values from A’ though
B’.
Fig. 1B details the process of rendering one of the
15 linear segments (e.g. A to B). The initial sampling point
704 (e.g. A) 1is represented as an initial whole pixel
address in the original sample array 701, and x and y sub-
pixel offsets from that address. For each DDA step 705, a
new sampling point is computed by adding the delta-x and
20 delta-y steps to the present x-y position with full subpixel
precision.

Each sampling location can be expressed as a pair of
mixed fractions for X and Y. The integer parts representing
pixel address and the fractional parts representing subpixel

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



required. Third, :the FIFO techni que described in co-pending 5 Patent

- Applicatio No. 08/953,772 is extended to m ti gat .t ress
to data ern}ggjssof the burst-node meiori es. et

BRI EF DESCRI PTI ON OF THE FI GURES 10 Fi gures 1A and 1B are
schematic diagranms which il lustrate one exanple of a resanpling
process of itrlverse qiesantei o¥esheosampling poifitgiron? éscla SFf nphef fetr
bl ock di agram of according to the present invention; 15

Figure 3A i s“z?ltﬂaoﬁks?ﬂ‘%g?im illustrating the addition of a data buffer
to hold DDA parajl ehpa unit 401fF' WS, 38,1 lqdirhiAles. b AU eabukes n

DDA paraneter register circul lgure 4 is a I agram
showi ng th@rabldat se% B ointaynpdssiond apafificidnts for each FsapleStios a

schemal ¢ PAIARKIWANT t heoPPELRABTle,  a0T11f1Ea BU0PEES Eagnﬁ zh8a1 WhE Of
t he present |nvent|on Figure Is a schematic diagr I'ch
i || ustratefoldmwing mameésrgf wbache aggerdmadsad igrp worklng parameter

registers 40la:
1. Source starting address.
2. Source starting X and Y fractions.

10 3. Delta-X and delta-Y (slope of the DDA to be

generated)

4. Clipping bounds (to supply default value when valid

source address range is exceeded).
5. Number of points to render.

15 In the simple exemplary implementation shown, these
parameters are loaded into DDA unit registers prior to each

operation.

The DDA unit 401 generates an interpolation corner

address 503. The fetch unit 402 uses the generated

20 interpolation corner address 503 to generate four source
addresses 505 of samples to be fetched from the source array
via memory subsystem 0 120a. The DDA unit 401 also
-generates a set of interpolation fractions 507 (x and y
fractions) for each point to be rendered. Because of memory

25 read latency (as described elsewhere herein), there is some
delay before 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



25 Figure 7 is a block diagramwhich illustrates the . - operation of
t he data -cache. ) DETAI LED DESCRI PTI ON OF THE_PREFERRED
EMBODI MENWO 99127455 Figure 1A is an overview of a resanpli RGTSRRE 30
according to the present invention. A 2-dinensional array of adj acent
i mge data sanples 701 is stored in menory. Typically these are taken
directly $:0841b8s090R SPUMCRIFO Q 90d. The interpolation unit thén

computes the rendered result pixels, assembles them into

memory words 17, and outputs the words to the destination
memory subsystem 1 120b via a third FIFO memory unit, FIFO C
5 90c. The destination address 511 is supplied by address

generator C 4lc.

After each DDA rendering cycle, working parameter
registers 40la must be reloaded. Host.intervention would
cause considerable overhead. Using the auto-sequencer

10 (described in co-pending U. §S. Patent Application No.
08/953,772 incorporated herein by reference) improves
performance, but still réquires flushing FIFO A 90a before
and after each run and fetching auto—sequencef instructions
and parameter séts from memory  between runs. By pre-

15 fetching large blocks of parameters into a data buffer 102
of Figure 3A, most of this overhead is avoided. In Figure
3A, DDA parameter sets are located in memory 0 120a along
with the source image, but in general, they may be located
in either memory. Fetching parameter sets into the data

20 buffer 102 is a separate operation, occurring whenever the
data buffer 102 1is empty. During this operation,
memory/parameter addresses 121 are supplied by address
generator B 41b. .In Figure 3A, a fourth FIFO memory unit
which is part of data buffer 102, is also used to extend the

25 capacity of the data buffer 102.

To further avoid overhead delays, parameter registers
are double-buffered as shown in Figure 3B. Two sets of
registers 420a-420b are used. During a warping operation,
one set of registers 420a/420b supplies the working values

30 to the DDA circuit while the other is available to be loaded
from data buffer 102 under control of sequencer 421. In
this way, no parameter loading delay need be encountered

when one DDA run terminates and another starts.

6



The- resanpling grid 702 represents points at which sanpl es are to be
render ed. w G point in the resanpling grid 702, ar 'i"/b§9 '/234063

- gener at ed (rengere and stored in the 2- di rensi onal rendere out put
sanple array 703. In the 5 current enbodinent, for conputationa
efficiency, t he resanpling grid or array 702 consists of a series of

straight |ine %egmekesmoreTledsd cisagnerses ot aemqiedemdweidth dppingi nat e
any type of r i I Qn. h ren ' equ e. ] avol novi ng
al ong one O¥M€h223d§%%é§ %@eéaﬁggﬁy %ﬁéﬁgéf %ﬁé%%réﬁ%i%ﬁ@e% %%e%s.

Thus, in theacheudObatirenadded rasvishgpwal drg Ripirs ¥ & eskEnol widtlyrofl BIBEPS

fromAto B generates .the seven rendered output values fro -~ 1hough
5 0P aITE REEE: O E S e ST dn it R heb b 2T Phdar
segnent $ (ewfilthAehehBset Bife inticrpallatamg ifrmpqmaions 507704 (e.g. A) is
represented as an initial whole pixel address in the original sanple

array 701, and xIandhe sewrrent grRefisenset $her siathatagher 99 cammizseh
DDA step 703¢ Rwo cadf¥ slq}rgég ngr&ggiﬂefss&egp%séhbxo@gﬁhag thide fdqu ar &
ent x-y ul | xe

and 20 delta-y steps to the pres position with subp
pixel memory words 17.  The contents of the data cache
registers represent an 8x2 pixel neighborhood. The address

10 cache 404 has two cache lines comprising upper and lower

cache lines. Each cache line is comprised of two address
registers. Each address register, when valid, holds the
address of a word in source memory 120a. Data from the two

words thus pointed to eventually become the contents of the
15 corresponding data cache 405 cache 1line. Although the

present invention is 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 outputs a
data descriptor 513 containing instructions for the data
cache unit 405. The data descriptor specifies how the data

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

neighborhood once it’s registers contain valid data.



preci si on. Each sanpling | ocation can be expressed. as a palr of
m xed fractions for X_and Y. The integer parts representin

address aW@9R¥SBr acti onal parts representing subpixel 25 gﬂ@é?%ﬂ@

Interpolation is required except when the sanpling location is
exactly at an original sanple point (both fractional parts are zero).

Bi i near interfpleld 0OBurrent NéRb¥asmeatshithid txﬁ'@u&%rw@td@ SreUlNQAE ng
t he sanpllng point. Note that ppvenent in th direction_ involves the

30 " st ii@behachiRhEREVET( Re ANNLNBeiRecie - T et oue*xbIALEARY the
origi nal &Rt ' BYré@l moddechSEBEL €8y O UPUSDRABLEERAR.  TRENMAHERMD by
considering all four_neighboring pixels and the
4 descriptor 513 can also instruct the data cache 405 to load
5 the upper cache line from the lower cache line or vice
versa. Note also that the address cache 404 can reload the
upper from the lower address cache line or vice versa as the

addresses are processed.

Once the data cache 405 contains wvalid data, the

10 required four pixels are supplied to the interpolation unit
403 using information from the data descriptor 513, along-
with the interpolation fractions 507 from FIFO Q 90d. |

The operation of the address cache 404 is detailed in

Figure 5. The lower-left pixel address 516'is generated by

15 adding the stride 514 to the corner pikel (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 Dbits of pixel address

20 corresponding to 24 bits of memory address 515a and 516a and
2 bits of pixel position 515b and 516b within the memory

word.

There are four working address registers 4l1lla-411d
organized as two address cache lines. The first 1line

25 comprises registers 4l1la and 411b. The second cache line
includes registers 4l1llc and 411d. "In each 1line, one
register (for example the left registers) 41lla and 41llc
holds the address of the memory word containing the left
pixel, while one register (for example the right registers)

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



I nverse di stance .of the sanpl.ing poi nt fromeach of the four ori gi nal

sanpl es. The DDA unit 401, Fig. 2, generates a corn e

angpa set o?m?%?lngﬁ%l ation coefficients for each sanple to s&y@gggnﬁ%
render ed. For exanple, a linear DDA requires the fol |l ow ng
paranmeters which are | oaded i nto worki ng paraneter regi sters 401la:

1. Source saddtesng addyiessers. This ix Sbluseratadt byy thandx¥mplact i Oms.
10 3. Delta é and delta-Y (slope of the DDA to be _
gener at ed) 4. dipping bounds (to supply default value when valid

source address range ESueXCREMSEY- locations addressed hold the pixel
values shown. The p00 2x2 neighborhood 602 lies entirely

5 within the cache. When the p07 neighborhood 604 is to be
processed both caché lines must be updated. In the current
embodiment, four new memory words are fetched in this case.
Note that words 01 605 and 11, 607 pould have been reused.
This was not deemed necessary due to the high SDRAM/SGRAM

10 burst bandwidth. When the pl3 neighborhood.606 is to be
processed, the lower cache line (words 10, 603 and 11, 607),

are transferred to the upper cache line (words 00, 601 and

01 605), and the lower registers 41lc and 411d are updated
from the incoming lower-left word address 516a. Whenever a

15 cache 1line is updated, the incrementer_ 412 generates the

right address or addresses.

On the start of a warp operation, all four working
registeré’ contents are invalid until loaded on the first
address step. The memory addresses 515a and 516a of the

20 upper-left 515 and lower-left 516 pixels are compared with
all four working address registers 41lla-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 (90d of
Figure 3A) along with the pixel location bits 515b and 516b
as data descriptor 513, along with the interpolation
fractions 507. The encoder 414 also instructs 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.

9



5. Nunmber of points to render. 15 In the sinple exenplary

i npl ement-ation shown, these parameters are | oaded into DDA unit
regi st erswordsr4sso each oper at i on. The DDA uRFT/USBB2496her at es
an interpolation corner address 503. The fetch unit 402 uses the

generated 20 interpolation corner address 503 to generate four source

addr esses 505 gl SaULES 4o B SEILNOH T TRIIRISHUIGR AIEGHY  of ViehgemOry

_subsystem_o 1 A uni t 1 al so enerates a set” of
i nt er pol atéwmidalactDDns ($OFigR) arkfty, Figf. ragtl onFhisordebermpBeAt ERe be

render ed. u I o S p@@g e S er
herein), cg 54 i% sorrlrggﬂn c?z E(E%gf o‘%ﬂla%ﬁquat a ééé\g\/%dl%iab;éléi@ &ta
i nt er pol actao:me w1lflr acEcemsreSOd’a'aat e fivoimd thea ypper , and sioyar fﬂl?f%(?rbut

reror SO0ELTO e PALILLH 913 000 Ut AR AT L e WidotS (0

cont i duylng he enory rea atency period
i nt er pol atdmwtrehlér 4034|0ec_em/estgue¢ dat a 09 ¢eopending US Patent

Application 08/953,772) to precharge the alternate
SDRAM/SGRAM alternate bank on the previous row address
rather than the next row address when asserted. This
10 strategy reduces memory latency whenever a cache line update -
occurs. The encoder 414 also receives a clip input signal
520 from the DDA unit 401. When this is assertéd, the DDA.
unit has determined that at least one source address is’
invalid. In this case, no data is fetched and the data
15 cache forwards the signal to the interpolate unit 403 which
outputs a default value to the 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 415¢c/415d4 left 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

-90d. 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 multlplexer 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



a second FILFO menory unit, FIFO A 90a and interpolation

5 fractions 507 fromFIFO Q 90d. The interpolation unit then
comput es t N¥OREMEPed resul't pi xel s, assenbles theminto ﬁﬁyﬂﬁyaﬂﬁﬁds
17, and outputs the words to the destination menory subsystem 1 120b

via a third FIFO menory unit, FIFO C 5 90c. The destination address 511 is
suppl i ed byuraddpassed dgeaetayort@ 4Mte interpolatAfdrer w@dah WOA r@Rdeni ng

cycl e, i n ar net er i,sters 401a nust be rel oaded. Host
|ntervent|§ our coeffl ients based on the interpolation
fractlons; multiplies each by the corresponding pixel value
to provide four products; sums the four products; and
5 normalizes the result, producing the rendered pixel value.
When «clip 520 from the DDA 401 is asserted, the
interpolation unit outputs a default value. The rendered
pixel output values are packed into a memory word and output
to the destination bus. In the current embodiment, four

10 pixels are rendered for each memory word written out.
Accordingly, the present invention provides a novel
data resampler for processing logically adjacent data

samples.

Modifications and substitutions by one of ordinafy
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



cause considerable overhead. Using the auto-sequencer 10 (described
in co-pending U S. Patent Application No. 08/ 953, 772 .
i ncor por atwel99/2masi n by reference) i nproves per f or RGIAES8B4A63st i | |
requires flushing FIFO A 90a before and after each run and fetching

aut o- sequencer instructions and paranmeter sets from nmenory between
runs. By pre- 15 fetching large blgggﬁ of paraneters into a data buffer
102 of Figure 3A, nost of this o i s avoi ded. In Figure

3A, DDA parane%g{ SRt SqaLg |9@$%§£h%€yﬁ§gp[%.odﬁgga pkBBEssingW Ehstba

source i mge, I n general, ocat ed in eithér nenory.
Fet chi ng pacaeseséngsetlodinad vhe akiacemt bdptar $EIRlesa sepkdt edata

operation,_occurri er the data buffer 102 is enpty. , ,
During t pEp Sﬁercggpﬁgqﬁg' menory/ par anet er addresses 121 are supplied by

addr ess gener at gr nBrbHy. subBybiten, e £34, saokangt AtFLE@sNERDIAL rsti {
which is part of data buffer 102, is also us%Q'tﬁ.extend the 25 capacity
of thé daPiupaifisy edrdata samplesTsor ber KERAEYELE over head del ays,

paraneter registers [ ubl - £S Shawk,Ady Fi gppa)3B.  £oTWo

sets of regi st ef's 4333553& aC?JéP%gsée .LEPT)JH ng \g&warpi ng 0 'ératior_l,

one set ofeneghstieys 420a/ 420ierpedpitiien t heowpeki nRddreRs or said
plurality of data samples to be rendered, and for also

generating a set of interpolation fractions;

10 a fetch unit, for receiving the generated
interpolation corner address and for generating four source
addresses of data samples to be fetched from said memory
subsystem; |

a fiist FIFO memory, for holding said

15 interpolation fractions and for permitting said DDA and
fetch unit to continue to operate during memory read latency'
periods;

a second FIFO memory, for holding'pixel data;
an address generator; and

20 an interpolation unit, for receiving pixel data
from said second FIFO and interpolation fractions from said
first FIFO, for computing rendered fesult pixels, for
assembling said result pixels into memory words, and for
outputting said memory words to a destination memory address

25 supplied by said address generator in a destination memory

subsystem via a third FIFO.

2. The data resampler as claimed in claim 1 further
including:
12
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30. to the DDA circuit while. the other is avail able to be | oaded from

data buffer_102 control of sequencer 421. I n t hi spay

par amet er I%@H”ﬁ& gelay need be encountered when one E[Mﬁﬁun !zrn1nates
and anot her starts. 6

To make nore efficient use of menory bandw dth during t he rendering

operation, an adds edataa®hef #4034 afwk ahdatidng DDPagherA0Star e seddedirasDBAown

in Figure 4. The width o .Q 90d_| 0 eg ta

descri pt or P3FENQtSTy rggﬁgﬁrgacﬁa&a %?raﬁ?glra%olsaet%n ?glé%gons 7§a98
memory subsystem whenever said data buffer is empty; and

a second address generator, for supplying

5 memory/parameter addresses to memory said memory subsystem.

3. The data resampler as claimed in claim 2, further
including a fourth FIFO to extend the capacity of said data
buffer, and wherein said DDA parameter registers are double-
buffefed and comprise two sets of registers, a first set of

10 which supplies working values to said DDA and a second set
of which is available to be loaded from said fourth FIFO
under control of a sequencer in.order to eliminate parameter

loading delay.

4. The data resampler as claimed in claim 2 further

15 including an address cache and a data cache.

5. The data resampler as claimed in claim 4, wherein
the width of said first FIFO is increased to carry a data

descriptor along with each set of interpolation fractions.

6. The data resampler as claimed in claim 4, wherein

20 said data cache comprises at least two cache lines each
holding two memory words and wherein said address cache
comprises at least two cache lines each comprised of two
address registers, each address register of which, when

valid, holds an address of a word in said source memory.

25 7. The data resampler as claimed in claim 6 further
comprising an adder for generating a lower-left pixel
13 I o
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Ip the current embodi ment, the data cache 405 consists of . two cache

lines (register sets) each "hol di ng two four (4) pi xel menory words 17.
The cont eY@9%¥5% he data cache regi sters represent HACTHSIBAH063

nei ghbor hood. The address 10 cache 404 has two cache |ines conprising
upper and | ower cache lines. Each cache line is conprised of two

address 5qqf&8L SESbR: anE%&d-qrﬁcs?ﬁ%ft§&dr?¥@eﬁ%}\/@d‘d§ng hol s joe

address of a word i n source nenor rom wor ds t hus
poi nt ed t%Pe%@h@u%PP?rbbééﬁeP%ﬁélc@ﬁ@éﬁ#% of the 15 corresponding data

cache 405 cache line. Al t hough the present invention is
described in connection with four (4) pi xel words per nennry wor d,

this is not a gimtfhioRaeh tsampl ¥ €88NL10ANERT iG] AP i}g %( tes to
W der or narrower menory mords as wll be appreC|ate% y those skilled

in the 200<amrlsmg four mrkletrg cadisedns reghkess thrgdnlzedeasi risdo
addr egses ddre Se4cRO %Eﬁebn‘ég%nﬁa ﬁgc%%r %ﬁdrﬁé%th ;Jégf&eé}dscof@ A2l €s

these wit va I d addresses current resi dent ress cache
404 and dmbdmmesdﬂteanysmﬁ dememeotrrdo herein einhedchr domneentthy. |t

then instidieds &aslg«ateeh YUla*0%ne LOSURB! Y dfe LAY RAIYITESSES 1O
contalnlng the left pixel, and the right register holds the

address of the next word.

10 S. The data resampler as claimed in claim 8 further
comprising an . incrementer for .generating correct memory

addresses whenever a cache line is updated.

10. The data resampler as claimed in claim 9 further
comprising at least one comparator for comparing the memory
15 addresses of the upper-left and lower-left pixels with the

contents of all four working address registers.
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subsystem 120a. At the sanme tinme, it encodes and outputs a dat a

descriptor 513 contalnlng I nstructions for the data-: cach

The data de¥€PPB{45P specifies how the data 30 cache 405 is ﬁﬁﬂﬁgﬁﬁéggut s
registers fromFIFO A 90a if reqU|red and how to formthe required

I nt er pol ation neighborhood once it's registers contain valid data.

! 11, & L WS gqaoyé n@ﬂélmé&olﬁee%xmwods Al6 13 pay's
f et ched whenever “a cac Ine 1s r epr0|t|ng

comprising a data descriptor encoder and data switch and
sequencer, said descriptor encoder for generating a data
cache update descriptor and for instructing said data switch
5 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 6, wherein

said data cache comprises four working registers each
10 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.

13. The data resampler as claimed in claim 12,

further including a second data switch and sequencer, which

15 updates working registers based on the data descriptor from
the output of said first FIFO and a pixel output

multiplexer.
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efficient burst node capability of SDRAM SGRAM The data , ,descrjptor
513 can also instruct the data cache 405 to load 5 the upper cache |ine

fromthe W8¥2H¥8&he |ine or vice versa. Note al so t hARCT/US98RAMWB eSS
cache 404 can reload the upper fromthe | ower address cache line or
vice versa as the addresses are processed. Once the data

cache 405 contajns yalid, data,. the 10 . required four pixels are supplied to
t he interpOIatf%n u%ipegh°%4@§lﬁﬁﬁﬁfﬁ%ﬁQﬁrﬁﬁ?%nE?Foﬁlt HRECRITI Dt or
513, al ongystemw fdir t Heogindaelrippl aldjerzehtactaeas 5amplesm FSEQHQ fdehod

The operation of . the address cache 404 is detailed in Figure 5. The

| ower - I ef EOPP%ePQ8tir ess 516 is generated by 15 adding the stride 514

tothe corner  pixelor{HgPekmbell)to peaflhasFed P 3! Almager 410, The

nmsb' s of these addresses present a nenory address containing the
desired piwesystem; the present exanple, there are four pixels in each
menory word 17, an there are 26, bjts of pixel address 20

d, .
correspondi ng to 249BPEEAbINGe T P ARFRIL2EHSY SREINSTeLAFELSS T91ids of
pi xel posdmpPle SEob LANdr&dddradt Bhl tahesdEMBEY interPWdN@tion fractions

using a digital differential analyzer (DDA);

receiving the generated interpolation corner
10 address and generating four source addresses of samples to

be fetched from said memory subsystem;

holding said interpolation fractions in a FIFO
memory to permit said DDA and fetch unit to continue to

operate during memory read latency periods; -
15 holding pixel data in a second FIFO; and

receiving pixel data from said second FIFO and

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

20 memory address supplied by an address generator in a

destination membry subsystem via a third FIFO.

15. The method of resampling data as claimed in claim
14 further comprising reloading parameter registers after

each DDA rendering cycle.

25 16. The method of resampling data as claimed in claim
15, further comprising pre-fetching blocks of parameters

into a data buffer.

16
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There are, four . working. address registers 4lla-411d organi zed as

two addre %?&gﬁﬁi Slines. The first line 25 conprlseic&ﬁg%ggﬁgid

411a and 4 econd cache |ine i ncludes registers
411d. In each Iline, one register (for exanple the left registers)
411a and 41ic hol ds the address of the nmenory word containing the |left

pi xel , while ong;regrssemnethed @@%&ﬁﬁflz%gaataeglsst@fﬂmé@ iA11h sapd
411d holds t he address of the next word nmeans that both the

left and right fptdiey ar ecmprtaingd douldetbwriferingo wdids perFeEetes by
the left and,ii@bts into two sets of registers, a first register set

of said two sets of registers of which supplies working
5 wvalues 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

delay.

18. The method of resampling data as claimed in claim
10 17 further comprising providing a data cache having two
cache lines and holding two memory words in each of said

cache lines.

19. The method of resampling data as claimed in claim

18 further comprising computing four required addresses

15 based on an incoming DDA corner address using an address
cache, comparing said required addresses with all wvalid
addresses resident in four working address registers of said
address cache, determining if any new data needs to be
fetched from memory and instructing said fetch unit to

20 supply the - required addresses to the source memory

subsystem.

20. The method of resampling data as claimed in claim
19 further comprising encoding and outputting a data
descriptor, which specifies how the data cache is to update

25 1it’s registers from said second FIFO.

21. The method of resampling data as claimed in claim
20, further comprising fetching two memory words whenever a
cache line is re-filled.

17
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agdress registers. This is illustrated by the exanples in . . Figure 6.

The four nory | ocati.ons addressed hol d the pi xel val ues shown. The
p00 2x2 n@f‘b??@éfﬁood 602 lies entirely 5 within the cachBCTUi2406He po7
nei ghbor hood 604 is to be processed both cache lines nust be updated.
In the current enbodi nent, four new nenory words are fetched in this
case. Note that words 01 605 and 11, 607 coul d have been reused.

This was not deemed necessary due to the high SDRAM SGRAM 10 bur st
bandmﬁdth V\B&n tWbepﬂ$thQﬂmiwheadmﬁbﬁngsdababés clyimedkstedclalhm | oner

cache I| qﬂg 1 d h per
cache I|ne (vvore$ %8 gg% and d degg%ggfr the Pg\%\g%ergeg%ag[%rgag 1c and
411d ar ecaptiat edo Loafd ohhehelppmnpaghbovﬂexné effromor thaddraxss 5¢6ahe
Whenever ;a_15 cache line is updated, the increnenter 412 generates the

right ad&%8§§ or addresses. On the start of a warp operation, al
four working registers' contents are invalid until |oaded on the first
5 23. The method of resampling data as claimed in claim-

21, wherein said data descriptor also instructs said data
cache to load the lower cache line from the upper cache

line.

24. The method of resampling data as claimed in claim
10 19, wherein a lower-left pixel address is generated by
adding the stride to the upper-left (corner) pixel address

using an adder.

25. The method of resampling data as claimed in claim

19, further comprising organizing the four working address

15 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 left register

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

address register.

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

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

18
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address step. The npenory, addresses 515a and 516a of the 20 upper-left 515
and | ower-left 516 pixel.s are conpared with all four workj addr.ess
regi sters AVR2PRIHE contents when valid, using conparat o#‘g P46,
The results of these conparisons, plus the location of the pixel within
t he word, determ ne the actions required to update the address and 25
dat a cachesyppd¥t Pefles@nddt DowencDEet Slikeganewaths thelatantentache @adate
descriptor 517, which enters FIFO g 90d of Figure 3A) along with the
pi xel | ocatf UM bYPEkEAgH2aAHe8E65S915 8 %dat a descri ptor 513, along with
the interpolation fractions 507. The encoder 414 also instructs
the 30 increnenter 412 to update the address cache worKki ng registers
411a-411d using zigt a BHet akthbd BH sesRPTEfig4dta as Tdea BReenteic14lih
al so requests words to be fetched from menory via.the fetch unit 402,
via a fetch&i gngFIB_hLS?: comprising generating  a datag cache update

5 descriptor and instructing a data switch and sequencer to
update the address cache working registers and requesting

words to be fetched from memory.
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The data descriptor 517 includes the sign of the vertical DDA .
(y-sign) 519, Fig. 5. 'This determnes the order in which the
fetch unit WPBY2HME§uest and the data cache will receive ®ETABP63 he
upper and |lower nenory 5 rows. The y-sign 519 also instructs the
sour ce [menory controller (40 in Figﬂge 5 .of co-pending US Patent
Application’ 08/853,372) to pr echar ge t he alternate SDRAM SGRAM
al ternat e bank cﬁahe @ evi ous row address rather than the next row
address when agsler%eﬁ. This 10 strategy reduces nenory | atency
whenever a cach Igne updat e occurs. The encoder 414 al so receives a
clip input sign ® 520 fromthe DDA unit 401. Wen this is asserted,

t he DDA unitfhas determ ned that at |east one source address is
invalid. In thi§ case, no data is fetched and the data 15 . cache forwards
the signal to theN\ynterpolatg unit 403 which outputs a default value to
the resuld- mi_ v iprethe & .correspondi ng pixel.

D"
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. The data cache 405, Fig. 7,
each hoIdiQ? a nenpry word.

Pairs of 20 registers, 415a/4
A2/ ri ght, each conprise a data cache}’??fluesgﬁg?og? ng

415c/ 415d-

has four (4) working regi sters 415a-415d

ei ght 4 S. The dat a switch an @equencer 416 updat es wor ki ng
regi stefs 415a-415d based on the d

FI FO Q 90d.
taken from FlI FO
t he upper and |l o

addr esses i ssue
Pi xel out put

descriptor 513 fromthe output of
g register update is requjpred data is 25

~updat es correspond
source data nenory subs
sel ects the four pi xelg
r interpolation usi #g

The correspondi ng ilA
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are passed directly to the interpolation unit 403 which gJorms  four
coefficients based on the interpolation fractions; nultiplies each
by the coW@38Y¥48 ng pi xel val ue to provide four produdGI/USI8R4068 he
four prioducts; and 5 normalizes the result, producing the rendered pixel
val ue. Wien clip 520 from the A 401 is . t he

I nterpalation unit Qutputs a default value. The r pi xel out put
val ues are packed iﬁto a nmenory word and out put i nation bus.
In the current enbqgi ment, four 10 pixels are re ch nenory

word witten out. X Accordingly, the presen ig/gnion provi des a
novel data resdkpl er for processing | ogi cal |y Qdj acem dat
sanpl es. A N A 10
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substitutions by one of ordinary 15 skill in the

and,
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plurality of data sanples to be rendered, . adigita
differential analyzer (DDA), responsive to DDA paraneter sets, for

gener at i nQV@P27M8%r pol ati on corner address for said pl RCAVYI§24063 dat a
sanplegs to be 10 rendered, and for also generating a set of interpolation
fract%ons; a fetch unitggor receiving the generated

i nterpol ati on corner address and for generating four source addr esses
of data sanples to be fetched fromsaid nmenory 15 subsystem

a first FIFO nenory, for hol di ng sai d i nterpol ation
fractions and for permtting said DDA and fetch unit to continue to
operate during nenory read | atency periods; 20 a second FIFO
menory, for holding pixel data,; a first address generator;

an address cache and a data cache, wherein said data cache conprises at
| east two cache |ines each hol ding two menory words and wherein said
address cache conprises at 25 |east two cache |ines each conprised of two
addr ess regi sters, each address register for holding an address of a
word in said nenory subsystem and
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an.interpolation.unit, for r.eceiving pixel data fromsaid second FI FO
menory and Jnt ation fractions 30 fromsaid first FIFOrpé]q?(rJ :
conmput i ng r‘g&fg{z@%&resul t pi xel s, for assenbling said resu %P’)%Ie‘ﬁé

into wor ds, and for outputtié}% said nmenory words to a
destinati on nenory 12
address supplied by said address generator in a destination menory
subsystemvia a third FI FQ
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2. The dat.a resanpler as clainmed in claim1 further 5 including:

a dat a buf f wi0,9928455hol di ng DDA par ansMENDERICLAIMS DDA par eI/ U$98/24063
regi sters, said DDA paraneter’ sets fetched from sai d menory subsystem
whenever said data buf f elrecéiveddiithe tmmmb‘?‘rl!iea&@ 19 May 1990 (19088 addr ess
generator, for supplsgipeyclaimg by i amended; opjg 4ot d d3capesliedsi § enory
subsystem f or DDA par anet er TeRAiingclpimsn ? Pa&F¥ r om sai d menory
subsyst em 1. A dika dpbgampiawp EbraSaC|@aﬂEd pro6éssing, dystdRr
15 includin fourth FIFOio0 f tend .t.he ¢ pac salg dat a buffer,
and wherein gﬁ?ﬂeﬁﬁﬁnﬁanﬁﬂﬂ¥ﬁa %ﬁlsﬁgﬂg C& %e samplgsy or @pighg data’
conpri se twsampieef comprdisdmg: a first set of whi ch supplies working
val ues to said DDA and a second set of which is available to be | oaded

fromsai @ fourth FI FO 20y sahfvshenys fPscairnied a2k beast aofirst
elimnate papagehdity ofl ddia'G4§186 to be rendered;

a digital differential analyzer (DDA), responsive -
to DDA parameter sets, for generating an interpolation
corner address for said plurality of data samples to be

10 rendered, and for also generating a set of interpolation
fractions;

a fetch unit, for receiving the generated
interpolation corner address and for generating four source
addresses of data samples to be fetched from said memory

15 subsystem;

a first FIFO memory, for holding said
interpolation 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;

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 interpolation 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

20 - -
R, O
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4. [cancel ed] 25 5. The data resanpler as cl-ained:in clai-m1l,

wherein wolbbgrasd dth of said first FIFOis increased to cacyusssdaisa
descriptor along with each set of interpolation fractions. 6.

[cancel ed] 30 7. The data resanpler as clainmed in claim1 further

co

13”DFISIngéﬂhégggﬁséﬁglgggeg Eggda4é§¥% éeaéné¥g§%r in a destination
memory subsystem via a third FIFO.

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
subsystem addresses to said memory subsystem for DDA
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 Jlower-left pixel
- : 21
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address from an upper-left pixel address by adding a stride to said
upper - | ef t WO08R27438dr ess. 8. The data resanpl er RECTUSPALAE3 | n
claiml1 further 5 conprising four working address registers organi zed as
t wo address cache lines each having left and right registers for

hol di ng addr gggessal FFRIPan '\a@pPer-18eLeipixdl afdrdsdepiNadding eettstrlde
regi ster holds the address _of_.t J&gﬁpﬁgy wor d containing the ft

pi xel , and the BRF UWPPGrsEeEstha dmPSSdr ess of the next mord

9. The data resanpler as claimed in claim8 further conprising an

I ncrementer for generating correct nenory addr esses whenever a cache
line is updated. 85 The datid. résampdexr rasachbémeds inl achadmi 11 cfarvhér

further 5  GOERELRLAY HodfARbrRigC UMM ELL" oY SUMA bPYah iEel® Y Yiwo
‘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 woxrd
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
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
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 tpe 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.

2
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addresses of the upper-left and |ower-left pixels with the .- contients of

all four wppkepaspddress registers. 20 11. The datmcrrosssapiesr as
claimed in claim210, further conprising a data descriptor encoder and a
data switch and sequencer, said descriptor encoder for generating a

dat a cache update descriptor and for instructing said data switch 25
and sequencer to update the address cache working registers and to

rlgqu_?_ﬁt \C/i\o{ds toltgelfetq#}@l fdaﬁadn&@yampll.e’r saled cla:frﬁgphllmldfclc?lm 12,
e datg resanpl er clainmed in erein sai ata C
conpri ses %@“dﬂr’é%. 8t §F§°“§a§‘?ma s% g RERBPPCREr d W hS‘é’i%d
registers ardlﬁim Iﬂ?oi'leixpg apdgistersgbased ron ﬂm:hdp’aar desm:rﬁ.ptong fromat a
cache | pe N9l Ngurput ! Wct® '0E18UMRIEsR" A0S BRR A ¥i¥BI Y output

multiplexer.

14. A method of resampling data for a data processing
system for logically adjacent data samples, said method
10 comprising: | |
storing at least data samples to be rendered in a
memory Ssubsystem; '

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 using 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;

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 subsysteﬁ 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 pixel data in a second FIFO; and
receiving pixel data from said second FIFO and
interpolation fractions from said first FIFO and computing

This Sheet Has Been -
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13. The .data -resanpler as clained in claim 12, further

i ncl udi ng aWsRPREIESdat a switch and sequencer, which updat BETAIBISKMOET
regi sters based on the data descriptor from5 the -output of said first
FIFO and a pixel output mul tipl exer. 14. A nethod of

resanpl i ng datehdéded .@Iaéawr 8ESIY assefbifg fHid ogbsahly é‘.’Ese”E.nto

dat a sanpl es,

said neth 10 co I,Si n storing at, |east data
sanpl es to b@ﬁqﬁﬁXHQRFE ’ °utPnE§ %ﬁﬁﬁ%y@?Eﬂ? to a destinagiomR BEMREY
in response tgidites abuppliederdy abn address generator in a destination

10

15

20

25

30

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

15. [canceled]

16. The method of resampling data as claimed in claim
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
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
delay.

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

~

19. [canceled]

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

24
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anal yzer (DDA) paraneter sets stored in DDA paraneter set 15 tsegisters, an
i nt er pol atygesfsser address for a sanple to be render epcrushsR4os3t Of
interpolation fractions using a digital differential analyzer (DDA);
receiving the generated interpolation corner address and responsive

to said received interpol ation corner 20 address, Frgeneratln_g f our soirce
addresses of sangles Ehepmethod Qf eesarpRking ¢ eh® uStA4®an

address cachg, further compI¥ IR | FELERiNG T ewd SRicasy &i&h‘dﬁsﬁﬁeﬁ\eﬁérahl

addresses resident .in four address registers of said addr ess
cache; 25 cache lingeig, m%ﬁgiﬁﬁ *any new address needs to be fetched
fromsaid nmenory subsystem and fetching any required address fromsaid.
menory subsystem hol ding said interpolation fractions in a

FIFO s rrermry 20.pefhiet medihbdDE t vesampling tdetep@asatclatimedgigociksimry
read |atency,perpiiiein said data BRLE-BReBLX Gl SnsRrActeCUUid Bokaand

recei vi ng p fom sai d secon i Nt er pol at i ractions
fromsaid fcasheFI'F@ doadcohbet iupper cache line from the lower caghe.

line.

10 23. The method of resampling data as claimed in claim
21, wherein said data descriptor also instructs said data
cache to load the lower cache 1line from the wupper cache
line.

15 24. The method of resampling data as claimed in claim
14, wherein a lower-left pixel address is génerated 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
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 left register

25 and holdiﬁg the address_ of the next word in the right
address register. i '

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

_—
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rendered result pixels, assenbling said result pixels into menory

wor ds, out pwiotdonzesssai d words to a destinati on nenory addr%@“@&'ﬁmﬁi’ed
by an address generator in a destination menory subsystemvia a third
FI FO, and rel oading DDA 5 paraneter set registers after each DDA rendering

cycle. er-lzt? £4 CQ%ga%Euer—lef’%e Plxe].l@ #i€n ”@H@dcéﬁtéﬁﬁémﬂﬁ ng1l

data as cl al

alm furt conprising pre-fetching blocks
par anet erfpur working address registers.

28. The method of resampling data as claimed in claim

5 27, further comprising generating a data cache update

descriptor and instructing a data switch and sequencer to

update the address cache working registers and requesting
words to be fetched from memory.

10
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into a data buffer. 17. The nethod of resanpli BI aakcnﬁ

in claim. 16 further conprising double-buffering sai Sar almet er
registers into two sets of registers, a first register se }54“%"!4999
sets of registers of which supplies working val ues to''s , a

second register set of which is avail able to be | oaded fromsaid fourth

FI FO under control of a sequencer in order to elimnate paraneter

| oadi ng 20 del ay. 18. The net [CLBIMS resanpl ing data as cl ai ned

cache |imnes and hol dng fwcBRERorSeSBIBLSF n E5kEn r Gl B3 OQSARARY | fysten
19. [cancel ed] processing logically adjacent data samples, said data
sampler comprising:
5 a memory subsystem, for storing at least a first
plurality of data samples to be rendered;

a digital differential analyzer (DDA), responsive
to DDA parameter sets, for generating an interpolation
corner address for said plurality of data samples to be

10 rendered, and for also generating a set of interpolation
fractions;

a fetch unit, for receiving the generated
interpolation corner address and for generating four source
addresses of data samples to be fetched from said memory

15 subsystem;

a first FIFO  memory, for holdlng said
lnterpolatlon fractlons and for pefmlttlng 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;

Sowef 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 interpolation 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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20. The ‘net hod of resanpling data as clained in claim30
conprising encoding and outputting a data descrlmrmt?ﬁlzl}ﬁ6

specifies how the data cache is to update |t s regi s
second FI FO mni TZ@!NTIQSQ

nmet hod of resanpling data as clained in claim 20, further conpri sing
fetch{ng two ”ESBLZsEDEQEpTQeBe% $hid a&ggggslgggekito% 'Algddestination
memory subsystem via a third FIFO.

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
-, subsystem addresses to said memory subsystem for DDA
e 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 whereln said DDA parameter registers are double-

buffered and comprlse two sets of reglsters, 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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5 22. The method of resanpling data as clained in 2

wherein said data descriptor also instructs said data hﬁe 6
upper cache line fromthe | ower cache l i ne. 10 -

of resanpling data as clainmed in claim 21, wherein saigf &g lgf \63999
al so instructs said data cache to | oad the | ower cache |ine fron1the

upper cache 4 ggpq! n S

claimed in cl ala%hkags fﬁa)nearnei?ﬁ%efo f’an?‘?ggH %&Jr% res% Qggﬂu %atsecF]bde
addi ng the strtdesaddt hppeppéefitepixedoaddressi.xel address using an

adder . 20 25. The nmethod of resanpling data as clainmed in claim

14, further conprising organizing the four working address regi sters as

two address cache |gnes epeh qatid ar8safiphelt as cPHfmédIhh AMHBRS1 further
regi sters Qpld 8 t he,address of the

prising four working address registers organized 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
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
Lﬁ 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
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N . . . : . A
menory word containing the left pixel in the left regi stemnﬁiqhgléiagnb .
‘the address -of the next word in the, right addr ess ot A A 1t 20}
26. The nethod of resanpling data as clainmed in claim Mh’e4 UUN 1999
conprising generating correct nmenory addresses 30 whenever a cache line is

updat ed using an increnenter. 27. The nethod of resanpling data
as clainmed in claim 26, further conprising conparing the nenory address
of the 17

13. The data resampler as claimed in claim 12,

further including a second data switch and sequencer, which
updates working registers based on the data descriptor from

5 the output of said first FIFO and a pixel output
multiplexer.

14. A method of resampling data for a data processihg
system for logically adjacent data samples, said method
10 comprising:
storing at least data samples to be rendered in a

.o

&.:
oo
g

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 using a
digital differential analyzer (DDA); T T e
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;

. 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 pixel 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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ubper-left and lower-left pixels with the contents of al

984/ 2406

addr ess regi st-ers. 28. The nethod of resanplin ch ai .
in claim5 27, further conprising generating, a data cac 14 jﬁﬂngg

descriptor and instructing a data switch and sequencer to update the

address cache working registers and requesting

menory.

O

e‘.’“’?’i

10 rendered result pixels, assembling said result pixels into

10

15

20

25

30

memory words, outputting said words to a destination memory
address supplied by an address generator in a destination
memory subsystem via a third FIFO, and reloading DDA
parameter set registers after each DDA rendering cycle.

15. [canceled]

16. The method of resampling data as claimed in claim
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
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 whic¢h is™—

available to be loaded from said fourth FIFO under control
of a sequencer in order to eliminate parameter loading
delay. '

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
cache lines.

19. [canceled]

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

* c L M S *
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21. The method of resampling data as claimed in claim
20, further comprising fetching two memory words whenever a

cache line is re-filled.

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 line from the lower cache

line.

23. The method of resampling data as claimed in claim
21, wherein said data descriptor also instructs said data
cache to load the lower cache line from the upper cache

line.

24. The method of resampling data as claimed in claim
14, wherein a lower-left pixel address is generated by

adding the strlde to the upper-left (corner) plxel address

using an adder.

25. The method of resampling data as claimed in claim
14, further comprising organizing the four working address
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 left register
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
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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upper-left and lower-left pixels with the contents of all
four working address registers.

28. The method of resampling data as claimed in claim

5 27, further comprising generating a data cache update

descriptor and instructing a data switch and sequencer to

update the address cache working registers and requesting
words to be fetched from memory.

10
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