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BACKGROUND OF THE | NVENTI ON METHOD AND APPARATUS FOR SCALI NG | MAGES (1)
Field of the Invention The invention relates to graphical resizing of
i mges. More specifically, the invention 5 relates to a nethod and system
for backward mappi ng graphi cal data several bytes at a tine. (2) Rel at ed
Art Resizing graphical data is generally well-known in the art. Two
commonl y used approaches are formard mappi ng and backward mapping. In a
forward map, the al gorithg,asks : . » where does it |and
in the destination inage? Cofivel RWaT C map, the question
I's for each destination | In the source inmage?

A forward map requires ing in the sanme

desti nati(on, \mﬂugg@_(mmmmap reqU| res a certain anount of work for
each pixel to determ ne which source inage pixel or pixels it cane from

and then it is never necessary to revisit that pixel again. In a backward
mappi ng schemdhe Fentiqn relgies igraphice reaBINE SR wepees rMamspecdacelly 1he inyentionxel |

5 relates to a method and system for backward mapping graphical data several bytes at a time.

(2)  Related Art

Resizing graphical daia is generally well-known in the art. Two commonly used
approaches are forward mapping and backward mapping. In a forward map, the algorithm asks:
for each source pixel, where does it land in the destination image? Conversely, for a backward

10  map, the question is for each destination pixel, where does it come from in the source image? A
forward map requires arbitration between pixels landing in the same destination, while a backward
map requires a certain amount of work for each pixel to determine which source image pixel or

pixels it came from, and then it is never necessary to revisit that pixel again.

In a backward mapping scheme, once it has been established for each destination pixel,

15  where it comes from in the source or sources, it is necessary to determine for each source pixel
contributing to the destination pixel, a co-efficient of contribution of that source pixel. Typically,
for cases where there is more than one source pixel contributing, either two or four pixels are
deemed to provide the contribution. This correspoﬁds to bi-linear, and bi-cubic filtering,
respectively. The calculation of these coefficients is generally well-known in the art and while

20  computationally intensive, it need be done only once for each row and once for each column. The
calculated coefficients are then stored in an array to be accessed during subsequent processing.
The above-described scheme will allow one to do either pure horizontal or pure vertical resizing.
However, in the event that it were desirable to do both vertical and horizontal resizing at the same
time, it would, of course, be necessary to choose some square of source pixels and weight them all

25  with appropriate coefficients. This would require a pixel-by-pixel coefficient calculation and



15 where it cones fromin the source or sources, it is necessary to
determ ne for each source pixel contributing to the destination pixel, a
co-efficient of contribution of that source pixel. Typically, for cases
where there is nore than one source pixel contributing, either two or four
pi xel s are deened to provide the contribution. This corresponds to
bi-linear, and bi-cubic filtering, Fe%ﬁéctively. The cal cul ation of these
coefficients is generally well-known in the art and while 20
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possible to do stretching in a
generating a scaled translation where the destination is a linear function in x and y. The inverse of
the function yields the point in the source from which the data comes. If the selected point is not
the center of the source pixel, it is necessary to interpolate the source data to determine the relative
distances between various source pixel centers and weight them accordingly. Thus, the filter

10 coefficients are a function of subpixel position of a backward mapped destination point.

In "Resampling Algorithms for Image Resizing and Rotation" Proc. SPIE Digital Image
Processing Applications, vol. 1075, pp- 260 - 269, 1989, Joseph Ward and David R. Lok provide
an algorithm for quantizing the subpixel positions down to e.g. 1/32nd or 1/256th of a pixel and
provides ready-made tables of filters which apply for a pixel in that area. Each area is known as a

15 bin. Thus, for each bin, a different filter coefficient is established.

It is relatively straight forward to write a program in C or a C variant to read individual
source pixels from a source image and resize them individually. However, there is no
straightforward way to operate on multiple adjacent pixels of source data. Operating on multiple
pixels of adjacent source data is further complicated by the fact that the data may well be stored in

20  unknown formats. For example, graphical data is commonly stored in band interleaved format
where, for example, three successive bytes in memory represent red, green, and blue components
of a single pixel. This complicates the issue where it is desired to multiply the adjacent pixel in
memory by a filter, since for an arbitrary section of image data, it is not clear whether four bytes
represent four pixels or 1-1/3 pixels. By operating on multiple bytes simultaneously, the speed

25  over standard resizing algorithms can be vastly increased. Therefore, it is desirable to develop a



separable way, ie. first horizontal stretching and then vertical, or vice
versa. Such techniques are well-known in the art. Coefficients are sel ected
by choosing a geonetrical point that is the center of the destination 5

pi xel and establishing the function that maps points in the source to the
desti nation, thereby generating a scaled translation where the destination
is alinear function in x and y. The.inverse of the function yields the
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source pixels froma source inmage and resize themindividually. However,
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is filled with data from a plurality of rows from the source image. Such filling c;«m be berfonnegi
several bytes at a time. )

The horizontal sampling buffer is typically eight bytes wide and as long as the width of a
source image row. Basically, a first source image row is placed in the horizontal sampling buffer
eight bytes in row 0, then skip seven rows and put the next eight byles in the buffer row 8, etc.
until the entire source row is in the horizontal sampling buffer. The process is repeated for each
successive source image row with an offset of one from its predecessor row until eight source
rows are in the horizontal sampling buffer, e.g. the second source row is placed in buffer rows 1,
9, 17, eic. Thus, the vertical neighbors in the source image are vchical neighbors in the horizontal
sampling buffer. The horizontal sampling buffers are composed of sub-buffers, each source ‘
constituting eight bytes of eight adjacent source image rows. Each sub-buffer is bytewise
transposed to provide easy access to different channels of the image data. The transposition
exposes the bands of a band interleaved format for easy processing.

Once the data is transposed, a filter is then applied to the transposed data with the result
being stored in another buffer, either an intermediate buffer or vertical sampling buffer. However,
if the data is placed directly into the vertical sampling buffer, then transposition in place will be
required. Thus, transposition is simplified by employing an intermediate buffer. The filtered data
is then retransposed to assume its original configuration. The retransposed data is stored in a
vertical sampling buffer previously created. The foregoing steps are repeated to fill a second
vertical sampling buffer. Subsequently, throughout the processing of the source image, two
vertical sampling buffers remain continuously filled to allow vertical filtering at high speed. By

ping-ponging between the buffers, valid data for the vertical filtering is assured. When data is no

A pent heceped hul&ss on



-4- BRI EF SUMVARY OF TIHE | NVENTI ON A net hod and system for resizing inmges
In a conputer systemis disclosed. A plurality of buffers is dynamcally
created in the nmenory of the conmputer system Anong the created buffers 5
are a horizontal sanpling buffer and two vertical sanpling buffers. The
hori.zont.al sanpling buffer is filled with data froma plurality of rows
fromthe source inmage. Such filling cangbe performed several bytes at a
time. The horizontal sanpling buffer is typically eight bytes wi de and as
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until the entire source rowis in the ntal “sanpling buffer
process i sercopenté froincixteadh valieste eighvkit exuas clampadigiahe ouveines. Omoe taf f set  of
one fromits predecessor row until eight source
conversion is complete, the resized image can be output to the screen or stored in memory for latter
5  processing.

The ULTRASPARC of Sun Microsystems visual instruction set supports several
instructions which facilitate processing using the method described. Using the visual instruction
set (VIS), eight bytes are read or written simultaneously. Similarly, VIS allows operations with
four byte operands. Certain instructions such as the fpmerge instruction allow simplified

10  transposition over prior methods. By aligning the data in buffers, alignment edge condition issues
can be addressed early in the resizing scheme to allow more efficient use of processing resources
by eliminating checks and branches in inner loops. Similarly, while the system must know the
format of the source and destination data, all format specific issues can be handled in an external

loop. Since horizontal and vertical processing can be done separately, multi-threading in a multi-

15  processor environment is easily accomplished.



rows are in the horizontal sanpling buffer, e.g. the second source rowis
pl aced in buffer rows 1, 9, 17, etc. Thus, the vertical neighbors in the
source imge are vertical neighbors in the horizontal 15 sanpl i ng buffer
The horizontal sanpling buffers are conposed of "sub-buffers, each source
constituting eight bytes of eight adjacent source inmage rows. Each
sub-buffer is bytew se transposed to-pgovi de easy access to different
channel s of the imge data. The transposltlon exposes the bands of a band
interleaved format for eps¥ePTPEEET VIR ansposed, a
filter is then applied t0 P ) ne result 20 bei ng
stored in another buffer, either an internediate buffer or vertical
sanpling buffer. Fbmever, if the data is placed directly into the vertica
sanpl i ng buf f eFigurkdns & bk giagiat afra domppleasystom ¢mhploging dgunveadon. Thus,
transposition is sinplified by enpl oying an internedi ate buffer. The
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valid data for the vertical filtering is assured. Wen data is no

Figure 3a is a sample sub-buffer of the invention and its transpose in accordance with the

invention.

Figure 3b is a diagram of sub-buffer transposition in parts in accordance with one

10  embodiment of the invention.

Figure 3c is a transposition tree for half a sub-buffer in one embodiment of the invention.



-5- longer needed in one of the vertical sanpling buffers for the ongoing
filtering, it can be refilled with new data corresponding to the next group
of vertical neighbors. The filtered data may need to be converted from
sixteen bit values to eight bit values clanped at the extrenes. Once the
conversion is conplete, the resized imge can be output to the screen or
stored in nenory for latter 5 procesgsi ng. The ULTRASPARC of Sun

M crosystens visual instruction set supports several instructions which
facilitate processing | e L~desé A | vi sual

I nstruction set (MYS) ‘5%1‘5‘%{‘&%%’?? 2 lr]g,ztfi %ﬁ@w&%ﬂn@t aneously.
Simlarly, VIS allows operations with four byte operands. Certain

i nstructions such as the fpnerge instruction allow sinplified 10
transposi ti on dhuemepiod and appataoddor Bsiziag ggphiog) imbges ded @mpnic afefdiscsed. In the
al i gnment edge condition issues can be addressed early in the resizing
schene t o fellawing deseaption fos puippses & exmlansten spesififppplicatigns Bymbers, materials, and

5 configurations are set forth in order to provide full understanding of the present invention.

However, it would be apparent to one skilled in the art that the present invention may be practiced
without the specific details. In other instances, well known systems are shown in diagrammatical
or block diagram form in order not to obscure the present invention unnecessarily.

Figure 1 shows a block diagram of a computer system for use in connection with the

10  invention. CPU 10 is coupled by bus 12 to main memory 11 and cache memory 13. Main
memory 11 is composed of cacheable memory 15 and uncacheable memory 14. Sampling buffers
16 ot: the instant invention reside in cacheable memory 15. Filter co-efficient arrays 17 also reside
in cacheable memory 15. It is desirable that sampling buffers 16 be dynamically allocatable to
increase flexibility of the system. -

15 Figure 2a shows the buffering scheme of the exemplary embodiment of the invention. A
horizontal sampling buffer 20, 8 bytes wide and N rows long, is used to accept eight rows of
image data from the source image. Thus, N is equal to the byte length of a source image row,
which may be greater than or equal to the pixel length of the source image row. Alignment issues
and edge conditions are dealt with as the data is moved from memory into the horizontal sampling

20 buffer. Accommodation of edge conditions and alignment issues is explained more fully below.
The data in the horizontal sampling buffer is transposed and placed to expose bands for
processing. The transposition will also be explained more fully below. A horizontal filter 25 is
applied to the transposed data in the horizontal sampling buffer with the result of the filtering being
placed in an intermediate buffer 23, 8 bytes wide and M rows long. M is equal to the length of a

25 rowin the destination image. The data in the intermediate buffer is retransposed into either a first

" vertical sampling buffer 21 or a second vertical sampling buffer 22. Controller 24 dictates which

buffer receives the current data from intermediate buffer 23. A vertical filter 26 is applied to the



by elimnating checks and branches in inner loops. Simlarly, while the
system nust know the format of the source and destination data, all formt
specific issues can be handled in an external |oop. Since horizontal and
vertical processing can be done separately, mnmulti-threading in a nulti- 15
processor environnment is easily acconplished. -6- BRI EF DESCRI PTI ON OF
THE DRAWNGS Figure 1 is a bl ock dia§ram of a conputer system enpl oying the
invention. Figure 2a is a block diagramof the buffering schene in one
embodi medgté the yerticHsamplingpulisrs 21,22, In ogs eygmplairpbodimentagplhigatismeling t he
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i nvent i ORejevant rows are dictated by the filter width, e.g. a filter width of four results in four relevant
rows. Parallel multiplications and additions are performed on this data to yield vertically sampled
5 data, which may need to be converted as explained below. V1S provides fmul8x16 and fpadd16,
which are ideal for use in the parallel multiplication and addition of this vertical filtering scheme.
The backwards mapping scheme is such that as processing proceeds downward in the
source image, it also proceeds strictly downward in the source image. Therefore, once the vertical
filter 26 needs data beyond the second vertical sampling buffer 22, the data in the first sampling
10 buffer 21 will never be revisited. Therefore, the first sampling buffer can be immediately refilled
with new data. This assumes that the filter width is less than or equal to the number of destination
tows in the buffer, in this example, eight. As the vertical filter 26 transitions through the second
vertical sampling buffer 22, it re-enters the first vertical sampling buffer to process the new data.
Once the vertical filter 26 has made the transition from the second sampling buffer back to the first
15  vertical sampling buffer 21, the second vertical sampling buffer 22 can be refilled. Thus, ‘
controller 24 toggles the data directed {from first to second sampling buffer 22 responsive to the
transition of the vertical filter 26 from one buffer to the next. The controller 24 then ping-pongs
between the vertical sampling buffers as needed data is no longer available. It will be understood
by one of ordinary skill in the art that additional buffers could be used without departing from the
20  scope or contemplation of the invention.
Since an application of the filter may not yield an eight bit value, converter 27 converts
sixteen bit outputs of the vertical filter 26 to an eight bit entry for the M byte output row 28.
Moreover, converter 27 clamps the extremes at 0 and 255. When the invention is used with the
ULTRASPARC® visual instruction set (VIS), the fpack instruction fulfills this converting
25 function.
Significantly, because the horizontal sampling and vertical sampling are independent of

each other, additional horizontal sampling can be performed simultaneously with the vertical



Figure 3b is a diagram of sub-buffer transposition in parts in accordance
with one 10 enbodi nent of the invention. Figure 3c is a transposition

tree for

hal f a sub-buffer in one enbodi nent of the invention. -7-
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be distributed amoggst multiple processors. Thus, as soon as the horizontal sampling buffer has
been wholly sampled into the intermediate buffer, it can be refilled, and processing can begin
again. -

Figure 2b shows an example source image 30 having eight rows, each of twenty-four
bytes. Horizontal sampling buffer 20 is filled with, for example, the first eight bytes of row 31
going into row O of the horizontal sampling buffer 20, bytes 9 - 16 of row 31 going to row 8 of the
horizontal sampling buffer 20, and bytes 17 - 24 going to row 16 of the horizontal sampling buffer
20. Similarly, row 32, bytes 1 - 8 going to row 1 of the horizontal sampling buffer 20, bytes 9 -
16 going to row 9, and bytes 17 - 24 going to row 17. The remaining rows follow the same
pattern. If the source image 30 were composed of additional rows, they would be processed on a
subsequent {illing of the horizontal sampling buffer 20. If the sample image 30 had rows of .
greater length, the length of the horizontal sampling buffer would be increased proportionally.
Significandy, the length of the horizontal sampling buffer is equal to the next multiple of 8 greater
than or equal to the length of a source image line. For example, a source image having lines
between 25 and 32 bytes would each result in a horizontal sampling buffer of 32 line length. Each
iteration of processing of the horizontal sampling buffer processes 8 complete lines of the source
image.

Edge conditions are a well known concemn in sizing algorithms. Basically stated, the
problem is if you need a pixel to the left of the left most pixel, what do you do? By padding of the
horizontal sampling buffers, edge conditions can be easily satisfied. For example, if we need two
edge pixels, begin by placing the data at the third position of each row in the horizontal sampling
buffer. Then entries in the first and second byte can be synthesized either with copies of the first
data entered in the third byte or, for example, zero. Alignment is another issue that can be

addressed early in the buffering scheme. Basically, there is no guarantee a source image row will
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instruction on r and s will yield eight bytes of valid data. Thus, where t contains the next valid

10 group of eight bytes of image data, faligndata (r, s) and faligndata (s, t) will yield rs.7 so4 and s5.7
t1-4, respectively. An analogous issue exists in writing the results of a vertical pass into a possibly
unaligned destination. The faligndata instruction can be used to resolve destination alignment
issues as with the source data.

Transposition is performed within the horizontal sampling buffer 20 in eight row blocks,

15 e.g.rows 0 - 7 are transposed, rows 8 - 15 are transposed, rows 16 - 23 are transposed in the '
example of Figure 2b. Figure 3a shows such a transposition. Such bytewise transposition
exposes data band by band every time. For example, if in Figure 3a, RGB band interleaved format
were present, 0, 3, and 6 would correspond to the red band 1, 4, and 7 to the green band, and 2
and 5 would correspond to the blue band. Generally, transposition is inefficient because every

20 row of the output depends on every row of the input. Serendipitously, VIS includes a
functionality where two 4-byte words can be merged to form a group of 8 (double word) bytes.
The fpmerge instruction applied 10 ag a3 a2 a3 and eg €] €2 €3 yields ag ep aj e1 a2 e3 a3 e3. Figure
3c shows a transposition tree using the merge functionality to effect the transposition. As shown
in Figure 3c, within an 8 x 8 segment, each word is merged with a word four rows distant. This is

25  the effect of transposing an 8 x 8 block as two 4 x 8 blocks as shown in Figure 3b. The horizontal
sampling buffer can be transposed in place using this method or the data can be initially placed in a

pre-buffer and transposed into the horizontal sampling buffer 20. Itis anticipated that future



25 rowin the destination imge. The data in the internmediate buffer is
retransposed into either a first vertical sanpling buffer 21 or a second
vertical sanpling buffer 22. Controller 24 dictates which buffer receives
the current data frominternedi ate buffer 23. A vertical filter 26 is
applied to the data in the vertical sanpling buffers 21,22. In one
exenpl ary enbodi nent, application of thelwertical filter involves taking
ei ght bytes fromeach relevant rowin the vertical sanpling buffer
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e
sanpl i N  must be taken to avoid overwriting the source image data, and (2) because in memory, there is no
assurance of proper alignment, e.g. the first word of a source row may begin at an arbitrary point
in a memory word and there is no assurance that successive source rows will be aligned the same
relative to a memory word. The above-described buffering scheme appropriately aligns the data so
10 that each 8 x 8 block is aligned for transposition.

Once the data has been transposed and horizontally sampled into the intermediate buffer 23,
it is then retransposed using the same transposition scheme into one of the vertical sampling
buffers 21,22. It will be recognized by one of ordinary skill in the art that it is possible to
transpose the data in place within the intermediate buffer 23. Accordingly, it would be possible 10

15  eliminate the intermediate buffer 23 entirely and transpose the data in place in one of the vcrticai
sampling buffers 21,22,

If it is the desire to expand fewer than all the bands in the source image, it is possible to do
so by stepping through the transposed data appropriately. For example, if the data is in red, green,
blue format, and one only wishes to expand the blue band, the filtering would begin with row 2

20 and step by 3 to fill the intermediate buffer. Tiﬁs results in an intermediate buffer having valid blue
data and junk in the red and green data locations. A bit mask may be maintained for channel
selection to prevent the junk from being written to the vertical samﬁlin g buffer. The mask should
be at least eight bits long and an even multiple of the number of output channels. After each
application, the mask is rotated by eight and applied to the next eight rows in the intermediate

25  buffer.

Sometimes it is desirable to put the output into a different format than the source format.

For example, the frame buffer employed to output the image to the monitor may be of the format



10 buffer 21 will never be revisited. Therefore, the first sanpling
buffer can be immedi ately refilled with new data. This assunes that the
filter wwdth is less than or equal to the nunber of destination rows in the
buffer, in this exanple, eight. As the vertical filter 26 transitions

t hrough the second vertical sanpling buffer 22, it re-enters the first
vertical sanpling buffer to process the new data. Once the vertical filter
26 has nade the transition fromthe second sanpling buffer back to the
first 15 vertical sanpling buffer 2112t-he second vertical sanpling buffer
22 can be refilled. Thus, controller 24 toggles the data directed from
first to second sanpling buffer 22 responsive to the transition of the

vertical Xbgntvdilele soumeipiganisgh fosmat dn speb Gagsps thyhands 3 precased honizemally,

i ng- bet the .vertical | | ff ded data i

P onaer ndBer snPESKY i U i Ermiadi nrd Rl Rish A e ranSro B RES VR s iBne ar
o Mody . . L

that a 'wepaku 1if §lifie &gﬂécfjorﬁﬁuﬁ?%gﬁ%%k &%!&%J@gpﬁmﬁ ﬁgt entSOPE

or contenplation o the 1 nvention. n application o e er Yy

not yi el dn @it Hrigbital3hhpNiad Bifffer GARY &R the inteARBARIES Buffel WhRBWild bé inQhé bk Of
the vertical filter 26 to an eight bit entry for the M byte output row 28.
Mor eovier ,sl@ohterneagicalséampliagpsffdrh é rexskriensed tatmack anc. L2 e X Wvesrofitheeverticagnt | on
is used with the ULTRASPARC err] visual instruction set (VIS), the fpack

i nst r uct is8wprhng byffarcwhiph do E@Wh‘g’md data from the source image. The VIS supports

partial stores and edge instruction which are used in an exemplary embodiment to effect desired
output formatting.
In the foregoing specification, the invention has been described with reference to specific

10 embodiments thereof. It will however be evident that various modifications and changes can be

made thereto without departing from the broader spirit and scope of the invention as set forth in the

appended claims. The specification and drawings are, accordingly, to be regarded in an illustrative

rather than a restrictive sense. Therefore, the scope of the invention should be limited only by the

appended claims.



25 function. Significantly, because the horizontal sanpling and vertical
sanpling are independent of each other, additional horizontal sanpling can
be perforned sinmultaneously with the vertical revi ously
hori zontally sanpled data. It is also within the sc mm ﬂl,ﬂ i on of
this invention to provide additional internediate bu t to
create a bottleneck at the internedi ateibuffer 23. This arrangenent is
ideal for multi-threading as the workload can readily be distributed
anongst nultiple processors. Thus, as gg?gﬁ%§ the horizontal sanpling
buffer has 5 been wholly sanpled into e I'ntermedi ate buffer, it can be
refilled, and processing can begin again. Figure 2b shows an exanpl e source

i mge 30 havi ngwangbtlatmedss: each of twenty-four bytes. Horizontal sanpling
buffer 20 is filled with, for exanple, the first eight bytes of row 31

1 1. A method of image processing comprising:
2 a) creating a horizontal sampling buffer and a first and a second vertical
3  sampling buffer;
4 b) filling the horizontal sampling buffer with data from a plurality of rows of a
5  source image;
6 c) transposing the data;
7 d) applying a filter 1o the transposed data, resulting in a transposed horizontally
8 filtered data;
9 e) retransposing the transposed horizontally filtered data to yield horizontally
10 filtered data;
11 f) storing the horizontally filtered data in the first vertical sampling buffer; -
12 g) repeating steps b) - €) with regard to a next plurality of rows of a source
13 image t0 yield a next horizontally filtered data;

14 h) storing the next horizontally filtered data in the second vertical sampling
15  buffer; and
16 1) vertically filtering the horizontally filtered data and the next horizontally
17  filtered data.

1 2. A method of image processing in a system having a first buffer comprising:

2 filling the first buffer with data;

3 transposing the data; and

4 filtering the transposed data,

1 3. The method of claim 2 further comprising the steps of:

This Sheet Has Been Replaced
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going into row O of the horizontal sanpling buffer 20, bytes 9 - 16 of row
31 going to row 8 of the 10 hori zontal sanpling buffer 20, and bytes 17 -

24 going to row 16 of the horizontal sanpling bu ’ larly, row 32,
bytes 1 - 8 going to row | of the horizontal ml"mmmf ﬂﬁm ytes 9 -
16 going to row 9, and bytes 17 - 24 going to row*17¢ ng r ows
follow the sane pattern. If the sour_cgq i_mage 30 were conposed of additional
rows, they would be processed on a subsequent filling of the horizontal
sanpling buffer 20. If the sanple imge 30 had rows of 15 greater |ength,
the Il engt h of the hoewaspisalg tsafildredgarispdstddataoul d be i ncreased

proportionally. Significantly, the length of the horizontal sanpling buffer
is equal to the next mJItipIe of 8 greater than or equal to the length of a

32" byt b woul d Bach TIGREoN o SRR O U CARBIG At BUPPRR BRPUE e

| ength. Each iteration of processing of the horizontal sanpling buffer

processes 8 conplete lines of the source 20 inmge. Edge conditions are a
wel | knpwn concgr n i Theshethddof@la@d Wivitersin thBesp 6ffilling Sdnapridek thé epspfobl em i s
I f you need a pixel to the left of the left nost pixel, what do you do? By
paddi ng2 of the hori zmddiag thedwpiantad samyiling bulferdelgesommodite edgesonditionse easi | y

satisfied. For exanple, if we nee
3 rT-pahgning any unaln1g %dam from main memory.

1 6. The method of claim 4 wherein the horizontal sampling buffer is eight bytes wide.
1 7. The method of claim 6 wherein the horizontal sampling buffer is filled eight bytes
2  atatime, and each successive eight bytes of a source image row are offset by eight rows in the

3  horizontal sampling buffer.

1 8. The method of claim 7 wherein each eight rows is a sub-buffer, and the number of

2 sub-buffers is equal to the number of bytes in a source image row divided by eight.

1 9. The method of claim 8 wherein each sub-buffer is transposed independently of each
2 other sub-buffer.

1 10.  The method of claim 3 wherein the step of retransposing the data comprises the
2  steps of:

3 creating an intermediate buffer;

4 storing the transposed horizontally filtered data in the intermediate buffer; and
5 _transposing the intermediate buffer into a vertical sampling buffer.

1 11.  The method of claim 2 wherein the step of filling is performed eight bytes at a time.

s Sheet Has Been Replaced
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edge pixels, begin by placing the data at the third position of each row in
the horizontal sanpling 25 buffer. Then entries in the first and second
byte can be synthesized either with copies of the flrst data entered in th

third byte or, for exanple, zero. Alignnent is a ﬂ“‘ﬂ ﬁ “!mﬂu can "be
addr essed early in the buffering schenme. Basicall uar antee a
source 'image row w || - 10 - begin aligned with a rrem)ry word. Thus,
where the systemretrieves nmultiple bytgs,. e.g. 8, sinultaneously, there is
no assurance that the source row will begin at an even nultiple of eight

Thus, the first retrieval may include data not within the source inmge
whi ch the user does not want to buffer. VIS provides the instructions

faligngata and1al i gTREIEHBE bCAAiSERhérBinGADiet Widih 6fled!th@wr Bqual id gl alded 0 be
taken fromnmenory and easily aligned in the horizontal sanpling buffer

t hrougR uder afiffilgring.nt ernal regi ster, the graphics status register (gsr").
For exanple, if a group of eight bytes r has five bytes of junk followed by
three bytes of valid i mage data and anot her group s contains

1 13. A computer system comprising:
a processor
a main memory

a bus coupling the processor to the main memory

2
3
4
S a dynamically sized horizontal sampling buffer residing in the memory for buffering
6  image data during horizontal processing

7 a pair of dynamically sized vertical sampling buffers residing in the memory for

8

buffering horizontally processed data during vertical processing.

1 14.  The computer system of claim 13 further comprising a cache memory coupled to the
2  processor and the memory by the bus wherein the horizontal sampling buffer and the vertical

3  sampling buffers resides in a cacheable portion of the main memory.

1 15.  The computer system of claim 14 wherein the horizontal sampling buffer is eight
2 bytes wide and its length is equal to the length of a source image row, and the vertical sampling

3 buffers are each eight bytes wide and equal in length to a destination image row.

1 16.  The computer system of claim 15 further comprising an intermediate buffer residing

2  in memory having a dimension equal to that of a vertical sampling buffer.

1 17.  The computer system of claim 13 wherein the processor supports a merge and a

2 pack function.
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eight valid bytes, alignaddr (0,5) sets the gsr align bits to five.
Subsequent use of the faligndata instruction onr and s will yield eight
bytes of valid data. Thus, where t contains the lﬂim lmroup of
ei ght bytes of inmge data, faligndata (r, s) andmn“'m utﬂﬁl" ) will
yield r[err][err] so[errr] and S[err]-[err] [err] *[efr]% respecfively. An
anal ogous issue exists in witing the.results of a vertical pass into a
possi bly unal i gned destination. The faligndata instruction can be used to
resol ve destination alignnent issues as with the source data. Transposition
i s perfornmed M.t hiTheldampler éys@nt @clzﬁxarmlwhe&ubmé g:%(:esg&' ;Jeﬂoﬁhg:'a&dsraawvmt&c ks,
15 e.g. rows 0 - 7 are transposed, rows are transposed, rows 16 -
23 are teigidpwsedh iime.t he exanpl e of Figure 2b. Figure 3a shows such a
transposition. Such bytew se transposition exposes data band by band every
time. For exarrple if in Fi gure 3a, RGB band interleaved format were
present, o,the ed band 1, 4, and 7 to, the
green band glnd 2 a \/\%ﬁfya o?ﬁ-pg‘érﬂehdvhﬁ?"} & PP ROTRE IS QIRERLGNS Yyith
tran@osgou%bﬁe,hmffl cient because every 20 row of the output depends
on every row of the input. Serendipitously, VIS includes a functionality
where two 4-byte words can be nerged to forma group of 8 (double word)
bytes. The fpmerge instruction applied to a[err] a[err] a[err] a[err] and
e[err] e[err] e[err] e[err] yields a[err] e[err] a[err] e[err] aferr]
e[err] a[err] e[err]. Figure
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3c shows a transposition tree using the nmerge functionality to effect the
transposition. As shown in Figure 3c, within an 8 x 8 segnent, each word is
nmerged with a word four rows distant. This is 25 the effect of
transposing an 8 x 8 block as two 4 x 8 bl ocks as shown in Figure 3b. The
hori zontal sanpling buffer can be tran ?osed in place using this nethod or
the data can be initially placed in a 3 e-buffer and transposed into the

hori zontal sanpling buffer 20. It ism{iﬂed that future conput er
systens will support the functionali fpmerge instruction of the

VIS. Accordingly, this methad.of A HalsR0s QR ang e slzing i's not
Intended to be 1imted to trandy MR ALHARRIUS P SCALING ks icantly, it is
essential that A hemd@hid 8teAIBF RBEIn1RAgss Bl d NRRheREYsBIm.t & phRd#y 6f Bul@rdHE S
transposition. Thus, transposing the data in nmenory incurs a performance
penal ty belysamsieallylgreatakie thersémdig of thk eompwersysierd. dvenglictdrengedtbofiesaerace

i mge data, and (2) because in nenory, there is no_assurance of_ proper

al i gnmént hogzonual saapling byffepanddwe fremical samplingrhypierpay e beisoni sampling bpiferdy y
poi nt

filled with data from a plurality of rows of the source image. The horizontal sampling buffer is
composed of sub-buffers, each constituting a subset of the horizontal sampling buffer. Each sub-
buffer is bytewise transposed to provide easy access to different channels of the image data. A
filter is then applied to the transposed data with a result being stored in another buffer. The filtered

10  data is then retransposed to assume its original configuration. The retransposed data is stored in a
vertical sampling buffer previously created. The foregoing steps are repeated to fill a second
vertical sampling buffer. Thereafter throughout the processing, two vertical sampling buffers
remain continuously filled to allow vertical filtering without concern for invalid data. When data is
no longer needed in one of the vertical sampling buffers for the ongoing filtering, it can be refilled

15  with new data comresponding to the next group of vertical neighbors. By buffering the data,
various symmetries can be exploited and known problems such as edge conditions and alignment
issues can be handled early in the resizing scheme providing for more efficient processor

operation.

(Figure 1)



in a nenory word and there is no assurance that successive source rows wll
be aligned the sane relative to a nenory word. The above-descri bed
buffering schene appropriately aligns the data so 10 that each 8 x 8 bl ock
is aligned for transposition. Once the data has been transposed and

hori zontally sanpled into the internediate buffer 23, it is then
retransposed using the sane transposition schene into one of the vertical
sanpling buffers 21,22. It will be recognized by one of ordinary skill in
the art that it is possible to transpgﬁg the data in place within the
internedi ate buffer 23. Accordingly, it would be possible to 15 el imnate
the internediate buffer 23 entirely and transpose the data in place in one
of the vertical sanpling buffers 21,22. If it is the desire to expand fevdr

t han al I the source inmnge, it is possible
t hr ough transpesed data approgCd&ilBEy. 18pbr exanpl
red, grdgen, blue forfmt, and one dnly w shes|to expand the bl ue band, the
filterirdg would begim with row 2 20 and stgp by 3 to fill the
intermedi ate buffer. |This results|in an intefnedi ate buffer having valid
bl ue datja and junk if the red and {green data|l ocations|UNGAC L¥ay be
mai ntai fed for channgl selection tlo prevent fhe junk fyMBMEORY witten ib|
the verti ing buffer. The mask uld CACHEABLE MEMORY
SAMPLING
BUS 12 BUFFERS
16
IFILTER CO-
EFFICIENT
ARRAYS
17
Figure 1
15




be at least eight bits long and an even nultiple of the nunber of output
channels. After each application, the nask is rotated by eight and applied
to the next eight rows in the internediate 25 buffer. Sonmetines it is
desirable to put the output into a different format than the source fornat
For exanple, the frane buffer enployed to output the inmage to the nonitor
may be of the format - 12 - xbgr, ¥MPle the source is in an rgb format.
In such case, as the pan@ are processed horizontally, they are placed in
the internediate bilffes &ich that the retransposition into the vertical
sanpling buffer will\Jeggdt in the desired ordering. For exanple, red data
wll be noved fromthg f%}st entry in the horizontal sanpling buffer to the
entry of the interned buffer which will be in the fourth 5 sl ot of
the vertical sanpl gnug er. Amask is used to mask out, e.g. the X rows
of the vertical sanp]ing buffer, which do not represent valid data fromthe

source image. The Vi ports
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partial stores and edge instruction which are used in an exenplary

enbodi nent to effect desired output formatting. In the foregoing
specification, the invention has been described with reference to specific
10 enbodi nents thereof. It will however be evident that various

nodi fications and changes can be made thereto wi thout departing fromthe
broader spirit and scope of the i nvent¥’8n as set forth in the appended

clainms. The specification and drawy ordingly, to be regarded in
an illustrative rather than a rpqwlﬁ?m& Therefore, the scope o

the inventiprn shoul-d he Limted onl yby-the appended-clains. — CLAIMG [
A net hod of [+rRge—processtrg—Ccorpttsthrg—ea) et+-eattag—ea—hoertzoental
sanpl i ng flet -and—a -fi rst —and- a—second vertt cal sampl rhg—buffer; (24
== = = = === == == = = = 24 \
|- == = = = = = = = = = = = = 24
Il === = = = = = = = = = == = = 24
1l - = = = = = = = — == = = = 24
| === = = = = = = = = = = = = - 24
== = = = = = = = = = = = = 24
1-8
- > °< 18 B
L 9-16 - 8 o1
- A
\_ 17-24 > 16 170
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b) filling the horizontal sanpling buffer with data froma plurality of:

rows of a source inage; C) transposi ng the data to expose the data band
by band; d) applying a filter to the transposed data, resulting in a
transposed horizontally filtered data; e) retransposing the transposed

hori zontally filtered data to yield horizontally filtered data; f)

storing the horizontally filtered data in the first vertical sanpling
buffer; g) repeati ng steps b)-e) vw4/3 regard to a next plurality of rows
of a source image to yield a next horizontally filtered data; h) storing
the next horizontally filtered data in the second vertical sanpling buffer;
and i) vertically filtering the horizontally filtered data and the next
horizontally filtered d&& D2 T '2A Mt hod of image processing in a system
having a first buffer conprising:

Figure 3a
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filling the first buffer with data; transposing the data; and filtering the

transposed data. 3. The nmethod of claim2 further conprising the steps
of : retransposing the filtered transposed data. 4. The nethod of claim3
wherein the first buffer is a horizontal sanpling buffer. 5. The net hod
of claim4 wherein the step of filling conprises the steps of: padding the
hori zontal sanpling buffer to accombdate edge conditions; aligning any
unal i gned data from main nenory. - 34 - 6. The met hod of claim4
wherein the horizontal sanpling buffer is eight bytes w de. 7. The

met hod of claim6 wherein the horizontal sanpling buffer is filled eight
byt es

PO 00
L U L —1
P1 01
[ | B N | 1
. P2 L : 02 |
1 P3 ) [_____________1—>| 03 1
. P4 P L._________Oi_______l
1 P5 b e — L._.____._Og_______l
L P6 S T l_.___.____Og.._____l
L P7 S N l______07_._____!
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at a time, and each successive eight bytes of a source inage row are offset
by eight rows in the horizontal sanpling buffer. 8. The nmet hod of claim
7 wherein each eight rows is a sub-buffer, and the nunber of sub-buffers is
equal to the nunmber of bytes in a source inmage row divided by eight. 9.

The met hod of claim8 mherein each sub-buffer is transposed independently
of each other sub-buffer. The ngthod of claim3 wherein the step of
retransposi ng the data conprlses t he ps of: creating an internedi ate
buffer; storing the transposed horizontally filtered data in the
internediate buffer; and transposing the internedi ate buffer into a
vertical sanpling buffer. 11. The nmethod of claim2 wherein the step of
filling is perforned eight bytes at a tinme. 12. The nethod of claim 2
wherein a filt®0 width of | es®4 han or equal to eiRfht is used forPall

filteringag a1 a2 a3, ,e0 el e2 e3, L0 cl 2 c3 g0 gl g2 g3
[ 1 L |
Y
F 1 I Y 1
laO el al el a2 e2 a3 e3l ,c0 g0 c1 gl c2 g2 c3 g3
1 l ] l
I 1 F i 1
aO c0 0 gO al cl el gl a2 c2 e2 g2 a3 c3 e3 g3

L

I

bO d0 0 hO bl dl f1 hl b2 d2 2 h2 b3 d3 f3 h3
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13.

1'*7‘”‘: T QLITET . Lioaa- 1965
A conput &-&Mbﬂﬁt i’él Nng: a processor; a nmaln nenory; a bus

coupling the processor to theimdin nenory; a dynamically sized horizontal

sanpling buffer ire2iddd@h 28 t He jmenory for buffering inage data during

hori zont al

processi ng i ncludirg|transposing the i mage data to expose the’

data band by nd; and a pair off dynam-¢akly sized vertical sanpling

buffers residi

jor buffering retransposed horlzoﬁtally

processed data during vertical processing. -15- 14. The conputer -
system of cg¢gamsl3 further conprising a cache nenory coupled to the

processor and the nmenory by the bus wherein the horizontal
and

A R | AMENDED _SHEET _

Hirrut
1. A method of image processing comprising:

a) creating a horizontal sampling buffer and a first and a second vertical
sampling buffer;

b) filling the harizontal sampling buffer with data from a plurality of rows of
a source image;

c) transposing the data to expose the data band by band;

d) applying a filter to the transposed data, resulting in a transposed
horizontally filtered data,

e) retransposing the transposed horizontally filtered data to yield
horizontally filtered data;

f) storing the horizontally filtered data in the first vertical sampling buffer;

g) repeating steps b)-e) with regard to a next plurality of rows of a source
image to yield a next horizontally filtered data;

h) storing the next horizontally filtered data in the second vertical sampling
buffer; and

i) vertically filtering the horizontally filtered data and the next horizontally
filtered data.

2. A method of image processing in a system having a first buffer comprising:
filling the first buffer with data;
transposing the data; and

filtering the transposed data.

3. The method of claim 2 further comprising the steps of:

retransposing the filtered transposed data.
4. The method of claim 3 wherein the first buffer is a horizontal sampling buffer.
5. The method of claim 4 wherein the step of filling comprises the steps of:

padding the horizontal sampling buffer to accommodate edge conditions;

aligning any unaligned data from main memory.

=nd
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the vertical sanpling buffers resides in a ca:mﬂf pror‘tlun f1 the main
menory. 15. The conputer systemof claim 14 ly MENE ha Hont al
sanmpling buffer iis eight bytes wide and its | enfjth 1's equal tjo jthe I ength
of a source image row, and the vertical sanpl|ng lpuf berszosoe leach ei ght
bytes w de and equal in length to a dest4nati pn}i nage row. 16 The
conput er systemof claim 15 further conprising ar—interredi-ate ouffer
residing in nmenory having a dinension equal t¢ that of a verticlal sanpling
buffer. 17.6. ThmheGREMAD 6 cisind Wiareih ted RorFbAdl Sty Buffdi®s BHIRBFESWide.
supports a nmerge and a pack function. 18. The conputer systemof claim13
wherein the processor perfornms reads and wites eight bytes at a tine. 19.

The conput e SySfhée ho&bﬁéléﬁn@wﬁ&%fn%@ hbfontdi S5 RSIHGbURE i RlidiPeigheyfis! ONS

with four byte operan
at a time, and each successive eight bytes of a source image row are offset by eight

rows in the horizontal sampling buffer.

8. The method of claim 7 wherein each eight rows is a sub-buffer, and the number

of sub-buffers is equal to the number of bytes in a source image row divided by eight.

Q. The method of claim 8 wherein each sub-buffer is transposed independently of

each other sub-buffer.

10. The method of claim 3 wherein the step of retransposing the data comprises the
steps of:

creating an intermediate buffer;

storing the transposed horizontally filtered data in the intermediate buffer; and

transposing the intermediate buffer into a vertical sampling buffer.

11.  The method of claim 2 wherein the step of filling is performed eight bytes at a

time.

12.  The method of claim 2 wherein a filter width of less than or equal to eight is used

for all filtering.

13. A computer system comprising:

a processor;

a main memory;

a bus coupling the processor to the main memory;

a dynamically sized horizontal sampling buffer residing in the memory for
buffering image data during horizontal processing including transposing the image
data to expose the data band by band; and

a pair of dynamically sized vertical sampling buffers residing in the memory for

buffering retransposed horizontally processed data during vertical processing.
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14.  The computer system of claim 13 further comprising a cache memory coupled to
the processor and the memory by the bus wherein the horizontal sampling buffer and
the vertical sampling buffers resides in a cacheable portion of the main memory.

15. The computer system of claim 14 wherein the horizontal sampling buffer is eight
bytes wide and its length is equal to the length of a source image row, and the vertical
sampling buffers are each eight bytes wide and equal in length to a destination image

row.

16. The computer system of claim 15 further comprising an intermediate buffer

residing in memory having a dimension equal to that of a vertical sampling buffer.

17. The computer system of claim 13 wherein the processor supports a merge and a

pack function.

18. The computer system of claim 13 wherein the processor performs reads and
writes eight bytes at a time.

19. The computer system of claim 18 wherein the processor performs operations
with four byte operands.
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