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| NTERLEAVED- TO- PLANAR DATA CONVERSI ON

BACKGROUND OF THE | NVENTION 5 TECHNI CAL
FI ELD WO B0 | nvention relates to the conversion of RETAUSBMSBne
format to anot her format. More particularly, the invention relates
to the conversion [ W=F=\Y for
exanpl e the conve'r'gtrgiﬂ&fEA\PEH f@n?%%%ﬁf@&ﬁiﬁgsg@anar

I mage dat a. DESCRI PTI ON OF THE PRI OR ART

Col or separation is used, for exanple, in color printing where each of
three colors (i.e. cyan, magenta, yellow) and black are printed
from separate print e s data froma
separate portion of the pri RO = four copies of an
i mge aregretained in nenory. That is, a separate copy of the inmage
to be printed is retained in nenor for each 20 col or, where each copy
contains only the information nece g@ﬁﬂ}m%lprﬁﬁ'-a particul ar |ayer

of the imge. This technique is referred to as CWK or pl anar
printing because each color |ayer conprises a separate plane of the
resul tant i magdhe ingntion refates to shep aonnearsioncafrdata Stor eonef fosmattb apother

data wor d cont Tt (8D, UG, e ipverbitetfis] RF SR ESvBRR" oo

‘pi xel . T™os tecmenleax@cﬂ gatzetear ptankp data iftdnedt| dov estample the doniveisidy of
because each | aye jnterleaved, W th each, other col or | ayer
to produce a 9‘% %MW%?@F"PHMW% qagg each pixel. 30
Ei t her of the above approaches pr oduces data that correspond to a col or

| mage and that can be stored in
DESCRIPTION OF THE PRIOR ART

15 Color separation is used, for example, in color printing where each of three
colors {i.e. cyan, magenta, yellow} and black are printed from separate print
heads. Each print head receives data from a separate portion of the printer
memory, such that four copies of an image are retained in memory. That is,
a separate copy of the image to be printed is retained in memory for each

20 color, where each copy contains only the information necessary to print a
particular layer of the image. This technique is referred to as CMYK or
planar printing because each color layer comprises a separate plane of the
resultant image.

25 Color separation can also be effected by generating a word of data for each
pixel in the image, where such data word contains all four iayers of color
information for that pixel. This technique is referred to as interleaved
printing because each color layer is interleaved with each other color layer
to produce a word of composite color information for each pixel. |

30
Either of the above approaches produces data that correspond to a color
imaée and that can be stored in a memory.
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PCT/ US97/ 24152 Oten color inages are input pixel by pixel, i.e.
i nterl eaved. That is, when an imge is scanned, all the information
for each piweps/i3289scanned si mul t aneousl y because t hecses9R%1s2
physically sees one pixel first and 5 t hen the next pixel in sequential
order. Thus, there is a physical notivation for using the

i nterl eaved format. On the other hand, an obvious way of storing

an inmage for ehi cdl’é\'sﬁna%es are mpm pixenBy fﬁ(ebyléiﬁﬁt@ﬂéévm tThat &, Wiesrent
colors over four different color lg anes, cyan, rragenta el | ow,
1

g.
and bl ack. Fo@nejmage ds scaiesk ahdbe Biermation for eaChplpP’iﬂ sisi gcarned pl e
passes, where n r o} Thus,
the printer Wﬁa‘?\epﬁs@ lE’éé{JsbagigDE‘?‘é%ﬁéa?n ﬁ;%‘?él ] hrl)r? én%ss gmnee;))(lxel ﬁl’s%%d
i n magenga, ambrtfhemexn pyxd! Itmsequentﬁl orderTﬁthms, theremaumysmahmohuancm
scanner often_produces e i n; tion in an I nterl eaved fornmat,
while a four- PSS Aved '¥Meter s such i nformation in a
pl anar format. Accor di ngl y, in such devices as color copiers,
whi ch conprise both a col or scanner for capturi!%qgg a,col or image and

a color print&n fg Qﬂ&fohaﬂ%gaﬂh‘ébv'ous way p ingr, afaimage {9lcPuit-pass need
for efficient l(E)YI nﬂgy I%éb%rﬁ @#or el@@eﬁtr&ﬁrs over fou@&ﬁéﬂ&h?ﬁbl%?\ﬁ%e%or mat

to a planar f esira
techniql@ to ;ﬁg)ctam agenia yaliow, asidoblagk: Fof GX?@IP&B &\AGDIQE lagert Pm}et he

out put_dovi ce8r LSRR AHSREE) ofeLP thefsCle BCrndifgBeS 167 Sl b 10

of perforning pmeh Tiosehe printer sndyoprimtc Ticke padslirt tyaral itgirintsagaext pass

space, i.e. nQre nenory, \\/}\lgere an adequate buffer is available for each
pl ane. Thus, thE39eNt 3PGEEN PuYVelloW-e readily sorted in sequential order,
for 30 exarrpl e in an interleaved CWK col or system to four separate

buffers, where there is one buffer for each color plane. Wile this
approachBi s  Thus, it caniie seencthay 31seaNAGK PN Rragiuces imagae Indanatics ingen

capacity in Wyehe g format, while a four-pass faser printer prefers such information
in a planar format,

Accordingly, in such devices as color copiers, which comprise both a color
20 scanner for capturing a color image and a color printer for recording the

image on paper, there is a need for efficiently and quickly converting from

an interleaved format to a planar format. it is therefore desirable to provide

a technique to process the two four-color data formats, while meeting the

format needs of various input and output devices, where such input and
25 output devices use some combination of these two formats

One way of performing such conversion is to provide additional storage
space, i.e. more memory, where an adequate buffer is available for each
plane. Thus, the interleaved data are readily sorted in sequential order, for
30 example in an interleaved CMYK color system, to four separate buffers,
where there is one buffer for each color plane. While this approach is
simple, a system having 128 MB total RAM storage capacity in which an
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| mage require 7 MB of such storage, does not provide sufficient
capacity Wofsaaosﬂlo performthe foregoi ng cal cul ati on. The ¥J4¥¢S93R#153pace
required to add additional nenory for such calculation, e.g. an
addi ti onal e W | é%’% npl e
schemne prohi b.’ngefqu@?Me’r?é? Mg ofsgﬂﬁié?oﬁ-abg ?égjh B@%a gﬁ mse uc‘w
provide a scheanpetfomn the Iforegoingr caletlatidror e cost and spma/eeqwmd tocadd

bet terl. d data.,f da

w thout o1 gni PBBRGE, METEIE 27 N HSHBRAT S8 B SisiiRnal 437 MBCRAN

RAM nenory remweﬁffﬁéﬁr%pléfmédlﬂldrﬁbmicﬁjﬂmwscﬁarﬁe p?oﬁ'biti@é jePisivel. col or
10 | aser printer. SUMVARY THE | NVENTI ON

The invehtion provides a technique for converting interleaved data to a 15

pl anar f or mat 4 dadMes ailarthged RSRApIcRAIE A kRh ek HRoWS o B IRRRRST N0

power and only a snmall "anoun Bt onal menory e i nvention
conprises an a:bgmrsbhmeg.abefwﬂelnoae intexrjeaved| data tanmatigncua alahaardatbuffer.

adar esses 1o amEtaihes iRkt hiRlsi B TohRTabish; piBBBSset KR, o

pl anar byte i rRAMenérhamehufréméntstdsfethe target device, 6(g.)a enlondcmet)brw val ue

t hat beﬁ ngs | ?I a.nar byte i 4i, for 0<=i < N,
4(i - f or 1agerprigtesy = 4(i-2N)+2, for 2N <= | <3N
=4(i - 3N) +3 for 3N c= i <4N, where N = the nunber of pixels in

the frame buffer (4N = nunber of bytes).
SUMMARY E_INVENTION

The invention provides a technique for converting interleaved data to a
15 planar format. The herein disclosed technique requires minimal processing
power and only a small amount of additional memory. The invention
comprises an algorithm that follows “map cycles” throughout a frame buffer.
Such map cycles result from iterating a function that maps planar
addresses to CMYK addresses as follows:
20
Let i = index of a planar byte in the frame buffer, then:

C()) =index of CMYK vaiue that belongs in planar byte i
=4i,forO<=i<N,
25 =4({-N)+1, for N<=i< 2N,
= 4{i-2N)+2, for 2N <= i <3N,
= 4(i-3N)+3, for 3N <= i < 4N,

where N = the number of pixels in the frame buffer (4N = number of bytes).
30
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PCT/ US97/ 24152 The preferred nmethod of planarizing the frame
buffer i s:wo 9832090 1. Start at an index n that hasp@fiyselifeen
converted. Set another I ndex i equal to the iIndex n.

2. Save the value at i. 3. Copy the value of C(i) to i.

10 4. Thetpréefeeredndethod df(planmlaneﬁrame(buﬁemlse cycle, which is C(i).
5. If the newindex i is not the sane as the index n (from1l.), then go
to3. 15 6. Copy the saved value (from2.) to the nost recent i

(fromb5) that 1, Start at an index ethat Bas e@tget beern converted. Set anotheﬂ The
cycle starting at n.is now planarized. 20 8. Goto 1., unless the

whol e file is finisHadex 'A@%ljﬁht%thesmﬂ%."shed when 4N
copi es Bave been nade.

2. Save the value ati.
3. Copy the value of C(i) to i.
10 4. Set the index i to the next index in the cycle, which is C(i).

5.  If the new index i is not the same as the index n (from 1.}, then go
to 3.

15 6. Copy the saved value (from 2.) to the most recent i (from 5} that
was not equal to n.

7. The cycle starting at n is now planarized.

20 8. Goto 1., unless the whole file is finished. A cycle is finished when
4N copies have been made.

A key aspect of the invention involves finding the next i in step 1. Thus, C(i)

is written as:
25
C(i) = (4i) mod Q, where Q = 4N-1 (and its inverse is C-¥(i) = (Ni} mod Q)
Using this form, it can be proven that:
30 . All cycle lengths divide the 1-Cycle's length evenly (and therefore

no cycle is longer than the 1-Cycle};
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A key aspect of the invention involves finding the next i in step 1. Thus,

c(i) . Is witten as: 25 C(i) = (4i) nmod Q where Q =
AN-1 (and its inverse is Cerr](i) = (N) nmod Q Using this
form it cHOBWbyven that: 30 Al cycl e PERYSHL482yi de
the 1-Cycle's length evenly (and therefore no cycle is
| onger than the 1 - E)inia i , . : ; ;

4 e 1Ol a%dyole is ey hapdhg JEycle. ey Ayglpwest indexcis a,
98/ 32090 multiple of a factor of Q; and

PCT/ US97/ 24152 If a cycle is shorter than the 1-Cycle,
then its lowest index is a multiple of a factor of Q@ and
If the 1 -Cycle inclyfgfe {iiRle incldde8nndsy i, thenry j-ale drfudesdideki(lj 5
nod Q; where, an’i-Cycle is the cycle which contains index i,
and a cyBle's | engt h med Q); equal to the nunber of distinct indices in
the cycle. 10 O her factors taken into account i ncl ude:

Indices 0 and 4N-1 are stationary (C(i) =1i);
where, an i-Cycle is the cycle which contains index i, and a cycle's length is

equal to the number of distinct indices in the cycle.

10 Other factors taken into account include:
. Indices 0 and 4N-1 are stationary (C(i) = i);
. indices Q/3 and 2Q/3 are stationary if 3 divides Q;
15
. If {Q/(4") <= i <= Qf((4")-1)}, then C(j) <=, and i is not the lowest

index in its cycle.

Because there are no quick ways to determine whether a new index i is part

20 of a cycle that has already been converted, the formula above with regard
to Cn{i} must be evaluated for every n, such that it is no different than
iterating C(i) directly. Also, the structure of these cycles varies chaotically
with N. A letter page sized buffer has only six cycles, each of length 10
million. If N is a pure power of four, it has the shortest possible cycles, and

25 the greatest number of cycles. Values of N just one away from a power of
four tend to have only a few cycles. Fortunately, typical page sizes tend to
have few cycles.

There are three phases to the preferred algorithm according {o the
30 invention. The first two phases are order N, but the third phase takes an
unpredictable amount of time. For a large value N, the third phase usually
can be skipped or does not take long because the pathological N values
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[err] Indices Q3 and 2Q' 3 are stationary if 3 divides Q 15

If {Q (4[err]) <=1 <= Q((4[err])-1)}, then Jerr](i) <=1i, and i is not

t he | owest index in its cycle. Because there
are no qui cWwowsgz9t o det erm ne whether a new index i is pargcpisernesef a
cycle that has already been converted, the fornula above with regard

to (Jerr](i) st be.,evalugted for ever su that it is no different

t han {{H%tr IR9uie Slgnylicant ampeunts fsghaﬁ%gnsvmﬁcpﬁ?‘gn%fm?'f?@§5'9&/cl es
varies chaoti éal out as N intYebbBedl. A letter page sized buffer has only six
cycles, each of length 10 mllion. If Nis a pure power of four, it
has the shortest possible cycles, and 25 the greatest nunber of cycles.
Val ues of N j jf f oo f ; nly a
Fow cycl cs. FAPPIASEdy IR R0, SE8Eeset and pl of i sRHOLF el B 8r
cycles. 5 <= MAXh&HE aee savdd inch@haagp firstditfl he preferred al gorithm
according to the 30 i nvention. The first tw phases are order N, but the
third phase takes an unpredi ctabl e anmount of time. For a | arge

value N, the t|RighasBhRSAl Weiics! Netween 1 anB8aANAREHFK iap® &ikitel, RiPRINGOaNny ake
| ong because the pathol ogical N val ues |

5 indices that have akgaslyrbeemcinsaeeycle (as eeopgged by the arraypp
98/ 32090 firstHit ? As each cycle is f:o%\f]erted, gy hits_to indices betweeh YS1d 24152
that require signiticant anpunts o ase’ | t1 me becone I ncreasingly

spread 30t as MAXnbieasedirectly recorded imtheharay bit[): 8e that iagicee that haveessed
and all of it nber, indi th 5 . <= T saved in the
array firstHit ﬁrg% Used are qu%ﬁy ﬁkiﬁh%@@fﬁpp,segrthqq]{ﬂ%l’%gﬁg%n 1 and MAXH T

are visited, skipping any i ndi ces that have already been in a cycle
(as recorded

the arrag firstHt . As each cle is converted,
any hits to iﬁ%{f?q,s@g"ﬁ%\.sﬂégﬁd yniesy theye are s&i&é’ﬂ?@&?@%ﬁ‘%@@"?sﬁecorded in

the array hit[err], so that indices that have
15 In phase lll, there is no more space for recording every hit individually, so
the rules noted above are invoked. When looking for new cycles, only
indices that are not multiples of anything in the 1-Cycle are considered.
Also, once the remaining number of uncycled bytes drops below the 1-
Cycle's length, all remaining cycles are known to belong to factors of Q, and
20 the search is narrowed to those values only. When an index i is found that
cannot be rejected for one of these reasons, the algorithm begins
processing the cycle, but if-the algorithm ever ends up at an index less than

i, then this i-cycle has already been processed. In that case, the i-cycle is
restored to its previous state by copying in the reverse direction, and the

25 algorithm skips to the next candidate for i.
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been used are quickly skipped when searching for future cycles.

Phase ||| is skipped unless there are still some copies |left to process.
15 -~ In phase 111, there is no nore space for recording every hit

i ndi vi dual |V09§@2090 the rul es noted above are invoked. Pararsst4iki ng
for new cycles, only I ndi ces that are not nultlples of anything in
the 1-Cycle are conside nunber of
uncycl ed bytes drops befFew=the y . renmai ni ng
cyci es are known to belong to factors of Q and 20 the search is

narrowed to thgse values only. When an |nd§ }‘s found t hat . cannot
be rejected fdrdoheSoR flove giagraris shewingna thres PPase, dalyfagnat conversion

processi ng the{eéﬂrﬁ%@e agg&,di,{g-{or‘@,eqh@{ﬂornhm ever ends up at an index |ess
t han i, then this 1-cycle has al ready been processed. In that case,
the i-cydle is restored to its previous state by copying in the
reverse directigny 8yl ibiPafigram st 'PHEBeSK dt b udt FoRRat cSAMILIHAL € or

SUBSTI TUTE SHEEdhriquie! eecarding to the invention 98/ 32090
PCT/ US97/ 24152 BRI EF DESCRI PTI ON OF THE DRAW NGS

Fig. 1 is a flow diagramshowi ng a three phase data format conversion
techni que accoggi §9s aoplbBe sthetRatd Bfagram of a system for effecting a data format

10 conversion according to the invention;

Fig. 4 provides an example that illustrates the conversion of interleaved
data to a planar format according to the invention; and

15 Figs. 5a-5i provide an example that further illustrates the conversion of
interleaved data to a planar format, as shown on Fig. 4.

DETAIL D RIPTI F_THE INVENTION

20 The invention provides a technique for converting interleaved data to a
planar format, as disclosed below. The herein disclosed technique
requires minimal processing power and only a small amount of additional
memory.

25 Fig. 1 is a flow diagram showing a three phase data format conversion
technique according to the invention. The invention comprises an algorithm
that follows a first map cycle throughout a frame buffer during a first phase
(100), finds additional map cycles and maps through the frame buffer
during a second phase (110), and then maps all remaining cycles during a

30 third phase (120).
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5 Fig. 2 is a flow diagram showi ng Phase 1 of the data format

conver si on techni que according to the invention; Fig. 3
is a block schematic diagramof a systemfor effecting a data format 10
conver si on woogssbdg to the invention; Fig. 4 pr %’1‘?@837Bflsfxa”pl e
that illustrates the conversion of interleaved data to a planar
format according to the invention; and 15 Figs. 5a-5i provide an
exanpl e that fSuchhenap | cycles aesslt t fiemc dievatingi én function that maprplenaed dat a

to a planar f | . . DETAI LED
DESCRI PTI ON O(—H%SF%%W% é%ﬂjégés%s ad&lfﬁgc‘?’sn‘vent I on provides a techni que
for converting interleaved data to a pl anar format, as discl osed
bel ow. The herejin. djsclosed technigye requires mninmal processing
power and onlj' S qx%frﬁ)B‘ﬁf’ab'P\r’}Sdl'aHﬁf&?\‘QPbUﬁer'?hqen'rrermry. 25 Fig. |
is a flow diagram showi ng a three phase data format conversion
techni que according to the invention. The invention conprises an algorithm
that follows £@)i rénderapf CHYKevalue Hinjielangs in planar BwWefier during a first
phase - (1=08‘) forfoigéi&ﬂpditional map cycles and maps through the frame
u

buf f er ring a second phase (110), and then maps all renaining
cycl es duri ng =a4@d)+1, fohNr<k ph@ble (120).
! = 4(-2N)+2, for N2 2 g0 E SHEET ( rule 26)

10 = 4(i-3N)+3, for 3N <= i< 4N,

where N = thé number of pixels in the frame buffer (4N = # bytes).

Fig. 2 is a flow diagram showing Phase 1 of the data format conversion
15 technique according to the invention. Fig. 2 shows the eight different steps

that are performed to convert one cycle of data from an interleaved format to

a planar format. By following these eight steps, the algorithm passes

through the entire cycle of data, and then returns back to the first pixel in the

frame buffer with which the cycle started. The preferred technique for
20 planarizing the frame buffer during any given i-Cycle is as follows:

1.  Start at an index n that has not yet been converted (200). Set
another index i equal to the index n.

25 2.  Save the value ati (210).

3.  Copy the value of C(i) to i {220).

4.  Setthe index i to the next index in the cycle, which is C(i) (230).
30

5.  If the new index i is not the same as the index n (from 1.), then go
to 3 {240).
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PCT/ USQ7/ 24152 . Such map cycles result fromiterating a function

t hat rraps pl anar addresses to CMyK addresses as foll ows:

Let i = i ndWR9882080 p|l anar byte in the frame buffer, then: BerrosemaiseC(i) =
i ndex of CWYK val ue that belongs in planar byte i = 4i, for 0 <=1 <
N, :4(i-N)+1, for N<=1i < 2N, = 4(i-2N)+2, for 2N <= i <

3N, 10 4(i-3N)+3, for 3N <= i< 4N, where N = the nunber of

pixels in the fragpme t@dﬁyethe(éﬁ\l'ea valley (fesh. 2.) to the most Feg@nt 2 (fromas)f thatv

di agram showi ng Phase 1 of the data format conversion 15 t echni que

according to the i nve¥as ot equalto D (Pws the eight different steps
that are perforned to convert one cycle of data froman interl eaved fornat

to a planar format. By follow ng these eight steps, the algorithm
passes 5 t Ar oudiet yelepstarting atyt isenaw plamagized(@B)hen returns back to
the first pixel in the frame buffer with which the cycle started.
The preferred technique for 20 pl anari zing the frame buffer during any
given i- lecl e isgas G tazmzsszm) unless the whold file iSffiaishedt. ﬁﬁﬂyﬂi@tﬁﬁﬁmﬁémat Ihas
not yet been converte anot her index i equa

to the index n. c"e(“ 2'9‘ @p‘e% bern nadgd280)-i (210). 3.
Copy the val ue of C(l) to i (220). 4. Set theindexi to the
next index in the cycle, which is C(i) (230). 30 . I f the new

i ndex i 19s noth kaveasneek obthe: inventiandnvelves finding the nsn@nn@&ﬁw Thus C)
to 3 (240).
SUBSTI TUTE SHEEYeN 5% 26)

C(i) = (4i) mod Q, where Q = 4N-1 {and its inverse is C-1(i) = (Ni) mod Q)
15 Using this form, it can be proven that:

. All cycle lengths divide the 1-Cycle's length evenly (and therefore
no cycle is longer than the 1-Cycle);

20 . if a cycle is shorter than the 1-Cycle, then its lowest index is a
multiple of a factor of Q; and

. If the 1-Cycle includes index i, then any j-cycle includes index (ij

mod Q);
25

where, an i-Cycle is the cycle which contains index i, and a cycle's length is
equal to the number of distinct indices in the cycle.

Other factors taken into account include:

30
. - Indices 0 and 4N-1 are stationary (C(i) = i);
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PCT/ US97/ 24152 6. Copy the saved value (from2.) to the
nost recent i (from5) that was not equal to n (250).

5 7.wokBmampcl e starting at n is now planarized (26

8. G tol. (270), unless the whole file is finished . A ?S/céﬁ[%sgﬁisu |zn|shed
when 4N copi es have been made (280). - 10 A key aspect of the invention
i nvol ves finding the indicesiQ/Bransk2@/3are stationary(if 3 divides Q; s wri itten as:
C(i) = (4i) md Q where Q= 4N-1 (and its inverse is C[err](l) = (N) nod
Q 15 Using this form it can be proven that: All

cycle lengths divide fhe/(4r)Qeci €= Q/t@my}hmmm <=ananthes abothe fowest

no cycle is longer than the 1-Cycle If a cycle is
shorter than the 1 - GRde¥in itHeylles s Iovvest index is a

mul tiplegof a factor of Q and If the 1-Cycle includes
I ndex i, then any j-cycle includes index (ij nod Q; 25

where, an i-CyBégause théve argaicequitk ways tmdeterreinerwhither, a aew indey tiseyast | engt h
IO't5 her factor su&aﬁgﬁc'é Rﬁ%ﬂf*ﬁ%gtﬁ%&y ﬁ%‘?ﬁ ﬁgﬁ‘;eé{?'ad h?ee?orh\rﬂzlé QB&QI%{% regard

to Cn(i) must be evaluated for every n, such that it is no different than
iterating C(i) directly. Also, the structure of these cycles varies chaotically

10 with N. A letter page sized buffer has only six cycles, each of length 10
million. If N is a pure power of four, it has the shortest possible cycles, and
the greatest number of cycles. Values of N just one away from a power of
four tend to have only a few cycles. Fortunately, typical page sizes tend to
have few cycles.

15
Fig. 3 is a block schematic diagram of a system for effecting a data format
conversion according to the invention. System processing is effected by a
CPU 10. The CPU has access to the frame buffer, i.e. image memory 12.
The system includes a 1-Cycle table 14, a phase 2 table 16, and a Q

20 factorization table 18, which are used to implement the algorithm herein
described {as discussed in greater detail below). The CPU employs a
current address register 32 when mapping a cycle through the frame buffer,
as well as an {(X4modQ) function 34 to determine the contents of a next
address register 38, and an (X4'modQ) function 36 to determine the

25 contents of a previous address register 40.

Registers are also provided to store a value Q=(Image Size)-1 (register 20),
the image size 22, the number of stationary bytes 24, a byte counter 26, the
1-Cycle length 28, and a cycle seed 30. The values in various registers are
30 used by the system to test for various conditions during execution of the
algorithm. Thus, the contents of the number of stationary bytes register 24
are subtracted from the contents of the image size register 22 at a

10
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Indices 0 and 4N-1 are stationary (C(i) =1i);
9 . SUBSTI TUTE SHEET ( rul e 26) WO

98/:32090 ' PCT/ US97/ 24152
I ndi ces Q 3WHEPRYP3 are stationary if 3 divides Q PCT/USITR4152 | f
{Q (4[err]) <=1 <= Q((4[err])-1)}, then CJerr](i) <=1i, and i is not the

| t ' i noits.

ngwgal ck ways ?‘{Pt{?&{%ﬁﬁ ﬁba%ﬁélsh@?ﬁta\?%‘g#ﬁ&%( §?ntpgtsp%{rtp§%§/?é1§8uﬁt§? §§ 2;3 e

gat ]h?s) alr e?sl%)btmeeul fro?vi;rﬁt@dsubﬂ'attdmm dﬁwfﬂ‘? ifizelo by@a(rjatefleft w? tth 0
err | nus € eval uat e or ever Suc a IS no eren an

ter it ny O 1) OWPHGHE i Whibh cBse iREOGASSIiG OF &1 Bhaghis-ormplelkel The b

chaotical |y 100f the ‘éfbbi?a&ior 'M fibs %ep&ﬁﬁeﬁbzﬁdtﬁwﬁf-wm@%nglﬁ' Peghetéy Qﬁd €s,
each of |ength | 1 on. Is a pure power of four, it has the

short est Hossi wtérac;ad from utuaua subtractor Hﬁéogieémee ifrtheeimbsr OéwessleftVal ues
of N just one 0 Yih

cycles. Fort unig\tl‘ggy,qui cafég%%g&lqm at Wh'dch pé'n{ Wafgﬁnﬁﬂﬂ%n?ég\% c?/c(lf]

Fig. 3 is.a bl factor&aﬂmeettage o(disgussecbﬁn agrem egetéibrbetdviccds irdicatddt waf or mat
conver si on accordlgggrto the invention. System processing is effected by a
CPU 10. The ccess to the franme buffer, ie. inmage nenory 12.

The systemincludes a 1-Cycle table 14, a phase 2 table 16, and a Q 20
factorization table 18, which are used to i nFlI enment the al gorithm| here| n

descri bewdgas A5 Jiseussgd; abeyes dhere @e dhreey 6593 toritke eéfﬁﬂf @gorith y
oo vl as an GSeRdhay6 ihe mvEnish NN, EHERES call B4 Bmblied b qﬁﬁ%@’;’t o

addr ess regi st time3Byt thedhiud phagg takesrardQrpredictabie an®éint of theecFai adargbe 25
contents of a previQus. addr reql r 40. are al so
provided to stg?igea[qvg?%gﬁéﬁ'ﬁﬁgg‘%@?%)caf P?esdﬁ'%qe& 05(?1‘;3%3 Pake RE i mage
size 22, the npetsseothes tpthalogical by tvatueddthat ieduirec signifieant2@mdumgs of

15 Phase lll time become increasingly spread out as N increases.

In phase |, the 1-Cycle is processed and all of its member indices that are
<= MAX_HIT are saved in the array firstHit{).

20 In phase Il, all indices between 1 and MAX_HIT are visited, skipping any
indices that have already been in a cycle. As each cycle is converted, any
hits to indices between 1 and MAX_HIT are directly recorded in the array
hit{], so that indices that have been used are quickly skipped.

25 Phase Il is skipped uniess there are still some copies left to process.

in phase lll, there is no more space for recording every hit individually, so
the rules noted above are invoked. When looking for new cycles, only
indices that are not multiples of anything in the 1-Cycle are considered.

30 Also, once the remaining number of uncycled bytes drops below the 1-
Cycle's length, all remaining cycles are known to belong to factors of Q, and
the search is narrowed to those values only.

11
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1-Cycle length 28, and a cycle seed 30. The values in various registers are
30 used by the systemto test for various conditions during execution
of the al gorithm Thus, the contents of the nunber of stationary
byt es regi sway9sB4090 are subtracted fromthe contents pér,hgy,,zid%ge
Ssize register 22 at a 0 .
SUBSTI TUTE SHEET ( rul e 26) . WD 98/ 32090

PCT/ US97/ 24152 subtractor 42 and a resultant val ue has the
contents of th t / i act or
44 to determ ng\llf%ﬁ §%?’gd%ﬁé fglg}detq RF ?nnét.ut% Fé?gétgg f&r% of t%eq'ég%g ‘ch
case processi nmet)étgaﬂtrﬂnmbegmssarmingtthd .cydleg botiif the algonthm evef ehd=up

bt t 44 h { t t t | t
SUbt r act ed 1 ol £ Miexciegs e fhon 6 iy echas AR hoaTroRkaRRSEE mhaty s
left 5 | gase e t;l&elet lg%ém%d:ioelté %Félinfhs thefvﬁy%ppmgnh thé?e@ér@@r i thm

enters the Q faCctorization sta I scussed” in gréater detail

bel ow), as i nddFegtion, and the 3‘90"”%5’619%?03’@ next pandidateor §j scussed above,
there are three phases to the preferred algorithm according to the
I nvention. The first two phases can be conputed in order N tinme,
but the third @meetheadight s!epmabo\emiontféigl @ aredolowed te complgteona ¢mq;e
value N, the t ird uaII be or_does, not tak

because. t he. pa e b FEret SR RRE heling et P 2,80R 9% 15
Phase I14gti rreHm@F, thesy 6ight stepy demiot detedminetheNotatiohanes frame buffer I'n

phase 1, the 1-Cycle is processed and all of its nenber indices that are

<= MAX_HI T ar easm"a tpfinditke startno pointioriirext cyclewhen a previgygsacle, e |
i ndi ces bet weeg, dé VRIS, HisT c%pmétba' t‘Fﬁb lﬁ{férﬁwn”%éilém emplo oys ¥ \»am@uges

t hat have al ready been in a cyc each IS converte
hits to indi cebepdstigseauch ammem}lom Kﬁyefaqﬁsr &ﬂe@rmwaé@patnntm@@hr ay

hit[err], sot ?te&l‘ 25
Phase 111l is s |pf)%9uﬁ?3'§y‘?h %@Y’gﬁégﬁgg tﬁ gﬁféﬁ%\gﬁ# Cf% e%? FP’(E)ss(ri)sreg(:t(e)ss.
15 illustrate the presently preferred embodiment of the mventzon but are not
intended to limit the use of other facts in different embodiments of the

invention).

The primary application of the invention is to convert interleaved data to
20 planar data, i.e. where datainthe formof 123 4, 123 4,123 4, .. is
convertedto11111,22222, ...

A cycle may be thought of as a path through the data. For example, if there
are N pixels in an image, then for a four-color separation there are 4N

25 bytes. For purposes of the discussion herein, "address 0," is the first byte in
an image data file and "address 4N -1" is the last byte in the image data file.
Thus, four is a key number in this embodiment of the invention because
CMYK color has four different planes.

30 A cycle is the path that is traversed through the data when the aigorithm

starts at any given address. Processing starts at that first address in the
frame buffer and then the address is multiplied by four to find a new

12
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n phase II1, there is no nore space for recording every hit individually,

50 , the rules noted above are invoked. Wen | ooking for new cycles,
bnl y ‘indices that are not nultiples of anything in the 1-Cycle are
tonsi dered. %8520\ 55 once the remai ni ng nunber of uncycl|REIBY784158r ops
pel ow t he 1- Cycle's length, all remaining cycles are known to

gﬁ: 3”9 to fact ofgrdds. Evéially, the proddds &ftdufters & ﬁ\ﬁﬁ@?"ﬁﬁt 50 bbPORE th&! ues
SUBSTI TUTE SHEEange ofithe 98fem, i.e. the 0 to 410-d8amgeoBortunately, there is no limit

PCT/ US97/ 24152 . When an.index i.is found .t nnot bhe rejected
for one of thed® h%’a@&ﬂg ,tlmes an a@d[%g %ng%é f‘{%‘ﬁfﬁﬁgg‘w@hbf’%ﬁ%@%ﬁ W#(!Je
cycle, but if tWapshasird e feane befigsfrom the end of thé bafier odbs Hegfmingan i,
then this i-cycle has already been processed. In that 5 case, the

i-cycle i8 restis bufferowhen the 4lN-b bousdaryds passashy Thdf isntherfystesy is set for

di rection, and ri ' ' :H i
Once the eight r@@é@*@ﬁbvﬁ@hﬁﬁ @fst%rﬁﬁd@%rﬁ@?*g&é%ﬁgigggé%m%ﬁ rgneéqu(:a;/(t: e,
t he al gorithm N ur, mhere Q isatheihighest adgresadhategyists Adhauginthe frame buffet e. 10

buter o P HER o B BLC AR FodraGear R p P Bl B e,

lor evi ous cycl e fragnedbuffer, and thehsyclel theh wiapk earolird tooognitiziuedat thbddg i on
' such as the follow ng key tacts,

herei n eppl oys ri ous heuri sti cs,
’to deterane tﬁ’iﬁl%f@%mpm- such starting point (it will be
appreciated that the following facts are provided to 15 illustrate the

presently preferred enbodi nent of the invention, but are not ]
i ntended to |ir cyeleds gompigtedwhan thectextiaddmsstfewadds thehaddnesatat wiiich he

I nvention). ri Y, | | f | | '
convert interl é’z} é%fc'ga%%ﬁ?g' Zgﬁg ca?'rgﬁgéntg?éﬂdeg[l 28 al.tﬂé‘féséwﬁégg\s rggp g& ?aﬁag'ﬁ% form
sjof 1 2 3 4, 1 ZeVery tifned. 3Althe addresses that were oisited twitllectraverding the@ 2i2a . . .

{
! 15 to return to this starting point are considered part of the cycle.

- If ali of the data are not addressed during a cycle, then it is necessary to
; perform a second phase to traverse every address of the data so that all of

the data are converted from an interleaved format to a planar format.

The invention provides a technique that allows the algorithm to foliow
various heuristics to find a next cycle. To this end, the invention provides at
least a partial list of the addresses that were visited during previous cycles.

25 At the start of a first cycle, it is necessary to provide an initial opening in the
frame buffer, preferably at the first address in the cycle, that allows the
algorithm to move the contents of each address visited to a previous
address. In this sense, the invention operates in a manner similar to that of
a puzzle in which puzzie pieces must be moved about in a matrix having a

| 30 single open spot.
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A cycle may be thought of as a path through the data. For exanple, if there
are N pixels in an image, then for a four-color separation there are 4N 25

bytes. For purposes of the discussion herein, "address 0," is the first
byte in WO 98/320901 nage data file and "address 4N-1 " is tWerbe®iaxyte in
the image data file. Thus, four is a key nunber in this enbodi nent
of the invention because CWK col or has four different planes. 30

A cycle is thelnepaiatiomta cycle starts alofiddress dghThe alapsitmipeks @h@ea‘f%@ﬁ i thm
tart t tay t th
PLario Ay YR ARG AL IR urholdEina v lidage " {1e
12/ 22090 1. Although it has noByHeien deteBhifed vs(herej tree @tents of Add/rebs; 17/\}024152

98
address. Event T4F 90 'Hl%kﬁ?‘%e@@t Wcﬁ%@ﬁssma/\mfﬁﬁ%r“ Pﬁlg{'g'%t g@Sﬁ% t he

range of g he syRd eshtehtsCof Atﬂtﬁ'egs t Garé Yembved N frakleOdn Ubéﬁlﬂb}intotdiiﬁibﬁ thé no

limt to howmar&y i mes an address can be multipl our
because the cyedrents of Addregssharepiacat; NAW theres afie &t Aﬂpfﬁﬁst‘%e end of the
buffer to the beginning of 5 the buffer when the 4N-1 boundary is
passed. That is, the systemis set for nodul o four. Thus, the

syst em cont errpﬂae aqlue of Asidresy wis saved m@wherg eise. |f thencontepts: @b Q i s

Fimi Ce si s, cANERRGt BYe EoRRc IAAGREL: den 1R, AIE bR camiss ot dhd °t e

frame bufgf er, purdbémihat waseatt Address apsanomfrtdetro:scstmtatnwdre*ss dhwhéegit Nni ng
10 of the fra IS cogBI et ed when .t he next

addr ess found ?@“g&@r‘gdgﬁgge%ls W@‘Ff3551 Wh'ch feite: Trﬁcgfﬂ’%ﬂ‘td@ét' ans can

occur after thacastdingRs. ohaScaw ﬁBWQﬂmfkréFJRddress 4 as aﬁﬁgéﬁhgtaé&ase Rhé the
addresses that were visited etraversw;g dat a to return to

this starting peonher %i\aéi&:m%ﬁ?dfeﬂ@dom%ftn&@ﬂ heFrep‘cﬂbs point on, a cyclg s al | of
the data are na@p@ﬂ Fhéchapital YoeRdion Y Wrich YiGe .st?:@gegeéaaavesfsot at

performa secon ase to traverse every address o ta so that all of
the datdfare cwntemsa:hdmbentaat ismaelongerveeedast. mat to a pl anar format.

The starting point, i.e. Address 1, is put into a table that can comprise a
small piece of hardware, e.g. a small section of RAM. If one imagines the
opening moving around in the frame buffer, then the cycle continues

20 uninterrupted untii the opening ends up at the location at which the cycle
started. If the cycle covers the entire image file, then the conversion is
complete.

A second part of the inventive algorithm addresses the problem of finding

25 the start of the next cycle. It is necessary to scan through the frame buffer
and find the first address that has not been changed during the previous
cycle, e.g. a byte in the image that has not been moved yet.

" To solve this problem, the invention allocates a small portion of memory
30  (e.g. the 1-Cycle table 14 of Fig. 3) in which a fiag is created for every byte

near the beginning of the image. The invention sets the flag every time an
address in the memory is visited during a cycle. By constructing an array of

14
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20 The invention provides a technique that allows the algorithmto

foll ow various heuristics to find a next cycle. To this end, the
i nventi on provides at | east a partial list of the addresses that
were visiteWOAHRMY previ ous cycl es. 25 At the start ®CTASPY24162
cycle, it is necessary to provide an initial opening in the frane

buffer, preferab at the first, address the ¢ at aIIo
Al 'gor 1§ hm to navell fads komemiang o et Adsaifle Bast Brbuan HE oy &Y
address. |n thigcagethectirst f@}tﬁm%ha@‘eteeenet £ firgt address tiattias thcﬂrbéeh t hat

of a puzzle in wh uzzl e pieces nust be noved about in a matrix
havi ng a 30 wsgeq@eéorgmgﬁn@pmn of the previous cycle. Thus, the first location that

13

55/ 32090 does not have a flag setExhb [6&Htion'dFitle bediHhiig28y the next FYES? By

I n operatbon, a cycle starts at Address 1. The al gorithm | ooks at the val ue

1A though © ¢ S SRy (et Ee Spb/RictR, tkmof o B8t st miffesifef hlFec e
nust go, it isgqans ftrétaese b&e@ntmegﬁewrreed&hawmnb@fmnmnﬁdﬁr% 1. 5

The contents of ‘Address are renove make an ?F%etg into which the

contents of Adfifgshagep éh?) PYRle wseRdye afay asiamap dierges daayihave
The val ue of A%%ﬁsgr hald %géeénsm%eaﬁm $8- cycieth%ugoasqnasa@smnm

Address 4 are coplied into then there’are two copies o0
nunber thAt wapresesdddihessghia Cyle,cthet aray ipsodides |a aubsmcnfem gyclgdhat | t

Goati nat i on, | " GofeiSEs e Tt A Badrlsed N ik frime S’ \ifibn t8iturte s,
oEeni ng btecgzseotﬁmeted the arrajaniowide&atsubsprcmme e)f ithe rimnhe)rtngﬁer tieetdiecan Fr om
this poin

| [ h
there is al my§°§%ag@d¢e;§%asem%ﬂ°n1§ Whgp%%eﬂﬂr%% 3ni§ﬁ% EBS&I%”SH'I’%”% ql gnger

needed. cycle.

15
The invention may thus be thought of as proceeding in phases where:

. Phase 1 performs a first cycle and sets a flag for each address that
belongs to the cycle, within the first 256 addresses.
20
. Phase 2 constructs the array of the first 256 addresses, continues
to look for the cycles that were not visited during Phase 1. It

planarizes all such cycles which start at indices between 1 and
MAX_HIT, and it records all indices between 1 and MAX_HIT in

25 the array hit [}, for reference during Phase 3.
. Phase 3 proceeds when the array used in Phase 2 is depleted,
such that the array can no longer be used to identify the starting

address of a next cycle. Thus, Phase 3 provides alternative
30 methods for finding the starting address of a next cycle.

16
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The starting point, i.e. Address 1, is put into a table that can conprise a
smal | piece of hardware, e.g. a small section of RAM |f one imagines the
openi ng noving around in the frane buffer, then the cycle continues 20

uni nterruptwd semtaeb the opening ends up at the |ocation at yRjeShicycle
started. If the cycle covers the entire inmage file, then the conversion is
conpl ete. A second part of the inventive al gorithm addresses the
probl em of finding 2% is imporéargt tar notef thadteinnalktphapebeit ist ai mathereaticaly t o

scan through the fra f . a i of d has
not been changed dur Eﬁgg#‘h'e%tet\pﬁotﬁ en chiosggy%iggr}tgb{ %gnﬁﬁbé&g&?rhgﬁw

i mage that has not begplat®@¥aivesin the frame bufferlbias Bhy @lrbhdy beewbésiated he

i nvention allocates @ small, portion of nenory 30 e.q. the 1 -_C%/cl e
table 14 of Fig. 3) i"'havm%'ﬁuﬁch’?'& GegUge £&C cFVP@r‘séé?V‘%Bﬁéé’y 1?erat| 9 near
the begigning of theah”ﬁ%nibTé‘ergéfg\\éﬁiﬁtibﬁﬁférﬁ%@nF hgsédaweem Yuhdtlidn &)

address in the menory is visite uring a c constructing an array

l e. By
of invertible, it is not possible for ¥wo diffegent cycles to contain any
SUBSTI TUTE SHEET (

r , , \ . .
PCT/ US97/ 24152 %cgt'gg%c'ﬂ O rggn.i nlf rrerlﬁ%%‘gglq?%eg }"E'é!% piggg?smgetq% pass
t hrough the array of cltrentscysle belongs td tleatset oha previous byalet thein suchhot yet
set, i.e. the first g%dr,es has not i ted before

t hat . . Vi
conpl etion of the pr a&ﬂgi’é’jg?i@!“oﬂﬁ?é‘f‘q aé%igw@?dlqﬁﬁ'\é:%ﬁ Presant cycle.

does nogghave a flagThes, éacH &ddrbss belongs @ ohbandagilybheeyéler the next
cycle. 5 Such array requires only enough nenory to store a snall

nunber of pixels, e.g. the first 256 pixels in the preferred

enbodi nent of i \mﬁ%iiﬁgh, bl s C Hupes the
array as a rrap-mc;éfef?’ﬁe a resssg@ﬁi ﬁg?c%rg\s/eﬁwb %erﬂﬁ@tzgoénlflv%@ﬁﬁéb%bgcgtﬁ ﬁsEeen,

vi si ted duri ngwitheegayd tePhasei8; as the al gorithm 10 proceeds through a
cycle, the array provides a subset of the cycle that conprises the
first 256 addresses in the frane buffer. Wen the cycle is

conpl et 48, t hePrasesy starswithcthedirstiduidpess thatisdieybhe tiie it obtHef &tay. Itie i s an

accept abl e 1 epCS ARl fim HEl pdIRPRRASA bt TN addrBFi RN st P e
a muitiple of any address that had been a member of the 1-Cycle, where

the 1-Cycle is the cycle that starts at Address 1.

20 For example, imagine that the 1-Cycle contains the number 2. Thus, there
js an Address 1 and there is an Address 2 next to Address 1. In this
example, when performing Cycle 1, the mapping through the frame buffer
wrapped all the way around and hit Address 2. The mapping then wraps
around again (and again, as appropriate), and eventually returns to

25 Address 1. Accordingly, Address 2 is a member of the 1-Cycle. In this
example, once Phase 3 begins, the algorithm ignores all even addresses
because the number 2 (i.e. Address 2) is a member of the 1-Cycle. As a
result, the 1-Cycle automatically indicates that every even address will
already have been part of a cycle by the time it is reached as a candidate

30 for the beginning of a new cycle.

16
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15 The invention may thus be thought of as proceeding in phases

wher e: [err] Phase 1 perfornms a first cycle and sets a flag
for each address that bel ongs to the cycle, within the

first 256 aW@983208 20 [err] Phase 2 constr uBCEUShm24asY ay of
the first 256 addresses, continues to I ook for the cycles

Such oyol es wilibh & Hi6 -Gy inaLces Biphbanen aawd cvole inciude8 1SGEX iy 1
and it recor dshigldxafmpé, Qﬁ‘& isapbweesycle, aRen WeT cydle Ben must include Index he

array hit [err for reference during Phase Phase 3
proceeds when T0aéezstaripg Aty ifithe pegress s W'ﬂfé‘ﬁﬂé})’e@u’ enough times, the “5” sych

that the arra%ggémlmﬁ{wgﬁ[uﬂgﬁ{bsed to identify the starting
ha

address of a n se 3 provides alternative 30
met hods sor finding the starting address of a next cycle.

ég /32090 In Phase 3 the 1-Cyc§e I%Sble IHT Etm 1 I)sg ﬁlfl“’lgel%Qhat b d reggt):; 24152

I't is inportanfurihg theteCybR! ARy AumbRPa3eR wede his d@mﬁ@tthéf‘l‘ﬁlt"ls le, and
certainty that the herein disclosed al gorithm cannot aCCI

repl ace a val (@i multiples: gTpase pumbers. #e igaared) Ry, B%‘iﬁ\ a‘hﬂblﬁd'f a
in a previous e‘?lg"?rﬁ?éiﬁ%@ fanMt ﬁ¥§|b‘é§h5hltdefnepﬁé§§ﬂ QM? .a?jcﬁfrﬁlihr}ﬂes %
mat I I'S

an i nvertibl e mathe function ecause t t .
i nverti hDe, i tfindsa numtmélsatbs gelatively pims, flfeeraermmbqrcmatsla mtcmmmﬁupie oy
| ocations in co

o ent oyl o AW Gine nugbero i hale SlBat Bedfl ite Sl Rk %s shfected as

| ocation by def starttngmomﬁhat)begiﬂs hrm'xtacymel d)umnggsubhe:ydee&srp:tosem that 10
Thus, each ad% gorithr?x nrﬂay }u? a%na%d?gss % Kas iowér value than the address at
which the ‘cycle started. For example, if the cycle starts at 175 and, by
15 multiplying by four, eventually wraps around the frame buffer to end up at
100, then the cycle is a cycle that has already been performed because the
cycle starts from a position that was in a previous cycle. That is, the
algorithm has hit a position that has already been visited while processing
a previous cycle (that is, starting at the first available starting location 175
20 lead to position 100 that was already visited and therefore, by definition,

location 175 is part of the cycle that includes 100).

The algorithm then stops because the cycle containing location 175 has
been performed. Whatever moving of data that occurred during this cycle is

25 then undone, and the algorithm then goes forward and looks again for a
starting point for a next cycle.

The next stage of Phase lil provides an optimization at a point where the
number of locations that have not yet been visited is smaller than the size of
30 the 1-Cycle. This is determined by looking at the 1-Cycle length register 28
(Fig. 3). The algorithm looks at the register, subtracts the value therein from
the value contained in the byte counter 28, and determines that the number

17
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The follow ng discussion, concerns the operation of invention, especially
wth regard to Phase 3: 15 Phase 3 starts with the first address that

is. beyond the limt of the array. The al gorithm scans fromthat
poi nt forwewd 9832690 an address is found that is not p@rlﬁyﬂﬁzkﬁze of
any address that had been a nenber of the 1 Q/cl e wher e

1-Cycle is the cycle that starts at Address For exanpl e

i magi ne that taiéyleslefds @swmram%i@ar@ledamar The dﬂ@fghnﬂﬁéf‘@mefs the Qi s an
Address 1 and ¢ Agkeadah %IQ é‘m@rﬁ&kt%ﬁ %&nﬁa@e’ﬁ%@?@c’t Inat! Ro #5%]? is the

exanpl e, when pertrormn mapping through the frafe uf?
wrapped al |t lGyclehenlangest ayclehbut thidianyscyzle Shasteraihanribet hEiycler mpst

around agai n (and ai_n ually returns to 25
Address 1 Aol ROR s £ 8868 bR L CBR IR P TR (hi s
exanpl e,gonce Phase 3 beg| ns, the algorithmignores all even addresses
because the n nber 2 Ad [ ess, rrenber the 1-Cycle

result, the 1- ’dﬁﬁ\e %YPV '?ﬁ%‘@gﬂgs &@W’%@@FP éd’r‘fé%’?r‘w |

al ready have é%.‘%tw@fm th§¥§lc|’é ’Eﬁéﬁ E\%ry'diﬁer' dycleSmUBRERRSH 515 ofuehgfifli dat e
30 for the beginning

16 15, or somethmg thag@gq!esrUﬁ; ssHthet ther ol gpdipns are § and 3w

98/ 32090

PCT/ US97/ 2415 F°0cordingly, all, cydles, in this example are either length 15, length 5 or 0 5
cycle im0l udedengthex 1-J. In this exanple, if J is the "5" cycle,
then the five cycle then nust include |ndex 10, ie. starting at 5,
if the address is multiplied by four enough tines, the "5" cycle

ultimately inctiglagotithm diso exploits the fR&aﬁﬁt 3if at bﬁ:lé-a@Sﬂbﬂett tHirethedent i fi es

t hose nunbers that were not hit g he Cycl e. Any nunbers
that were hit Ql!i-‘r'@ribeﬂﬂfém\!es*@@@bls %mgzltlple of fa%tﬁyom!% PTREr OF WheE e

nunbers, are i@RofRdAU hixabBhawscH, lih thd BRhmbfe héreirfhaving seven pixels, is
15 27. So Q is one less than the total number of bytes, as contained in the Q=
(Image Size)-1 register 20. Thus, if the algorithm ever determines that there
is less than the 1-Cycle remaining and Q is a value, e.g. 27 in this example,
then the only remaining cycles that are possible are those that are factors of
27, ie. 3 and 9. At this point the algorithm stops because, not only is it
20 possible to exclude all multiples of locations that are in the 1-Cycle, but it is
now known that the only locations that are left to be visited are multiples of
those that divide into Q. This narrows the search even more.

Thus, the preferred embodiment of the invention includes a Q factorization

25 table 18 (see Fig. 3) that contains a list of all the factors of Q. Each time the
algorithm looks at a new address during Phase lll, there is a determination
if the value stored at the address is a muitiple of one of the factors of Q.
Instead of rejecting the multiples of these values, the algorithm only accepts
the multiples of these vaiues. Thus, Phase |l both eliminates focations and

30 multiples thereof already visited, and is restricted to locations found in the Q
factorization table.

18
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nunber is indexed, then it has been hit. In Phase Ill, the algorithmtries
to 10 find a nunber that is relatively prime, i e. a nunber that is not
a multiple of any of the nunbers that have already been hit. Such
nunber is sWOARB320as a starting point that begi ns RCEASH7/ZAISE €.
During such cycle it is possible that the algorithmmay hit an
address that has a | ower val ue than the.address, at X Lch the cycle
started. For eE!Qmﬁ provides g w@estﬁ'lgﬁ@xsg@?eﬁg\eaﬁapquloi\&—)w] ‘"%e'ﬁ?ﬁ%%dm yi ng
by four, eventgatalty a\planar RrPEndcddrgingtothe Miehtbnt m tedextimple there are 100,
then the cycle is a cycle that has al ready been perforned because_t he

cycle starts fNsfhrixeldandatablesize @ Jiverbviep(san besmegorn: mamae). i Eig. dhe
VT ha . g 24 3 .

o Sevi ous. oy Py Araakddlh bhE class dnfielates Bach cib 15 Gnbil i oS! no
| ocati on 5175 2phases bt ahe thergins desaibetio comvexsionasigatithendy Tis; i thed figuirg

therefore, by | Nt . i 75 i r C hat

i ncl udes 100). gﬁé\b@&ﬂe Wbyﬁ?ed‘éﬁ“b%w?%ﬁ’ttﬁg r‘l21 33‘0@‘1@0&3&&% (M@gc%%s% ﬁ

fﬁnt aining | gcﬁfei &mﬂd?ﬁ-_ Gyites during ph:::i&el5 n, E?daftlﬁé M-gandmai eymtshaw igm @{ hdat a
at occurre uring.this cycle is en ne n e algorijithm

t hen goes for V\é"@fﬁ%ﬂo'ﬂ @6@&3[ Eg%ﬁ‘ﬁs?ér‘n greater dem%gl?é??’}-ng" g’@ﬁ figure, CYglenext

cycl e. : ; \ oy ' at a

o nt wher e ¢ nG2deS A UIBHAS Rciaf adBobidn PR aind e dts el ! cd

is smal 1€} than the size of 30 the 1-Cycle. This is determ ned by

| ooki t th - . t ' . : i.d. ith
oKL " A el B SATIVGL G e, Bl ) coih g, Lo
contai ned i n tintereaved datenteea plhar forthateshewmi inddg.tdat t he nunber

17 SUBSTI TUTE SHEET ( rul e 26) WO
98/ 32090

PCT/ US97/ 24152Fig. 5a providés baii dteriehied Sstheidg toefiguritton] - Wiefee N=nGind. The
algorithmthen _enters actorization stage which takes

the Q . . f ! ,
advant ag® of t RE3pacthe axews inthe figyre shqw,the byte copies reguired terianasizgest
cycle, but tha | RAehhisY; I IJy at a
mul tiple of a %haegfgyagf? me 1r§q€/2{€|t§8§9fzfg@?lﬁd% £ 18,%, 11!‘—'gpde?<'anp ég, i f
the 1-Cycle isupemgirdss, hdzibnglbréeb4meddb=S: PIx4+11Gmedds=11, and
addr esses Wthil'i‘xﬁﬂtﬁn&dﬁ% then every other cycle nmust either be of
| engt h "

20 After planarizing the 1-Cycle, where the length of the 1-Cycle is L=6, the
frame buffer resembles the configuration shown in Fig. 5b. The algorithm
makes the 1-Cycle table and starts the Phase [l table, where the table size

is 5. The 1-Cycle table indicates that addresses 1 and 4 have been
planarized. The Phase Il table is initialized so that it is identical with the 1-
25 Cycle table.

Phase Il begins. The first unplanarized entry in the 1-Cycle table is Address
2, so the algorithm planarizes the 2-Cycle (see Fig. 5c). The 2-Cycle
consists of 2, 8, 32, 23, 22, and 18, and also has a length L=6. After

30 planarizing the 2-Cycle, the Phase il table indicates that addresses 1, 2,
and 4 have been planarized.

19
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15, or sonething that divides 15, so that the only options are 5 and 3.
Accordingly, all cycles in this exanple are either length 15, length 5, or

10 | ength 3. The algorithmal so exploits the fact that, if a
cycle i s shgpigfagepan the 1- Cycle, then its | owes}i g% a
multiple of a factor of this nunber Q where Qis %ﬁié/ﬁn _4f15§
nunber, which, in the exanple herein .having seven pixels, is 15 27. So

8 i's ong I e;sslrﬁmneithmma:%amz?ﬂ \@aidegssds tWTm 3 mﬁcl?xgt adhgdftenplammgh
nmage Sl ze reglLster us t he,. al gor, t vear term nes that
t here th?s é ttﬁ%rf: hase i @b@ E‘df‘@ﬁ% maﬁgmaﬁ'dg ‘g . g. 27

in this exanpl@anarized. Thé hﬁéktt bﬁplaﬁéﬁzédermurégsg t§>fﬁ/'eessd haé auganms1 bl e
are those that are factors of ._ At thiS point the

al gorithm st o@amrm%e SrieycleffFig. $&). hg @-Cycfe 5@@%&@@ 5 80eld fBeand |
I'tipl t |
%owlnpt ﬁ eﬁ%sa% I'é}f@% ?bwg hlg'?‘ fg?g)r IJOE%(C tﬁﬁ%@mﬂéﬁ%ﬂﬁt aer se‘crmlet’ |tﬁp;§)es of

t hose t hat d| \/PMG Ihtabl€indidatss that 1253t handdahave boem plapatdzed.
Thus, the preferred enbodi nent of the invention includes a Q factorization

25 table 18 (see Fig. 3) that contains a list of all the factors of Q
Each time the Now that theaPlisye If kabié wfml P?hase fetvasaetstietss STHe migteitithaben | 1 1,
there is a determ nati on val ue stored at the address |s a

nul ti pl e of orfetefmipgs W"@é*ﬂ%r%hﬁﬁe '@ 5h°U|d be entered é&é’"‘épo}rﬁq theta A 36
mul tipl gg of tlﬂﬁé&dﬁéﬁ' iHGfe lrilw_ﬁﬁe aﬁ'ﬁ@fé ArB W tMticHERE BYtes, i.e. bytes thh{"ﬁeed

mul tiples of tHese val ues. hase Il both €l imnates”l ocations and 30
mul ti pl es thermattbeanoved]y Avtotal OfaZﬂ bytes hiave been maveddsa far. dbersferastheseind i n

tlge Q arathi o4 Eﬁkqgs@gtaghtmu%ﬁno(vegm Accprdingly, Phase Uil

98/ 32090 must be entered. PCT/ US97/ 24152
Fig. 4 provides an exanple that illustrates the conversion of interleaved
data to a planar format according to the invention. In the exanple there

are 15  N97 Phal B, Qtﬁ@'algboi’lﬁﬁh%@dté@tw néit\widpedsethat &Chott denui@i®@iof Map

52). Fig. 4 shows a breakdown, of % e t\ﬁ/cles and rel ates each cycle
[

to one of the amf @ember of thgnt{yslesr Thed- blgcshows, that b A0d 14 were
al gorithm Thusanbfied. | $HérRfore, Phase Il ignores all multiples of four. Because the

Phase |l table ended at Address 5, Phase Il begins with the 6-Cycle. Six is
not a multiple of four, so it is assumed that the 6-Cycle has not yet been
20 planarized. Accordingly, the 6-Cycle is planarized (see Fig. 5f).

Next, the 7-Cycle is planarized (see Fig. 5g9) because seven is not divisible
by four. After the 7-Cycle, there are five bytes left to move. This is less than
the 1-Cycle length (L=6), so the algorithm enters the Q factorization stage of

25 Phase lll. Thus, the algorithm only considers addresses that are multiples
of Q factors. In this example, the Q factors are 5 and 7 because Q=35=5x7.
The 7-Cycle has already been performed, so the next cycle to consider is
the 10-Cycle because ten is a multiple of five, which is a factor of Q.

30 The 10-Cycle planarization is begun. However, since 10x4=40mod35=5

and 10>5, the 10-Cycle is the same as the 5-Cycle. Thus, the 10-cycle
must be restored and skipped. The 14-Cycle is tried next because 14 is a

20
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shows the 1-Cycle during phase 1, the 2-, 3-, and 5- cycles during phase
I, the 6- and 7- cycles during phase I1l, and the 14- and 15-
cycles during a Q factorization stage (discussed in greater detai
bel ow). | n W9%32089re, cycle codes are provi ded to irdavdsefyashe

| ocation visited during the various cycles. 10 Figs. 5a-5i provide

an exanple that further illustr t he,conyer i.nterl eaved
data to a pl arfBult 'P@r&ﬁ? 8 'g g ih ,the f- aycél i§ Planarized hegause
interleaved stey fsi M od8I( Qéé(ﬂg mﬁefn@e hRQ! :aa eé&:fthe .@@éarem@vearows

in the figure show t he béte copies required to planariz
i1- Cycl e. MenbedutingitheH&-Cyelee Acgerdiraly.134 hytemavgdaeemmomagd ﬂwgane

upon 1x4=4, 4 4 ‘Hiaﬂ? 11
x4=44mpd35=9. )%Ab%g’re]bﬁgﬁ 1’;&r p ana%slezngfé?ﬁja}i@gjgﬁéslﬁ tgrég&taﬁg Itvg%&fh of
the 1- Cyél e i swhich,are rsiationary, and 34dnef vhidhehave beablreevade Therdforgirthei on

shown in Fig. al.gorith makes the 1-Cycle table and starts
t he Phase |1 t‘aﬁn%" 'g Htolé%bl e size is 5. The 1-Cycle table

indi cates that addresses 1 and 4 have been pl anari zed. The Phase 11
tablelsmltlallzed sothat It dentical with the 1- 25 cle
t abl e. As ed | abpyg, rFQ‘s ?IQQT 'Ps‘ﬁ ﬁﬂ%{yaﬁ’éfﬁﬂfédtoeﬁ??‘ﬁ?W %(“irﬁ"é 1

-Qycle table 'ﬁxﬁ%@grt%sﬁ]t?rieaved-foﬁnatsoF’o?ethﬁl BREYSIHR PIATAS [ ARAchISL&- v c! @

(see Fig. 5c) onsi sts o
and al sd Ohas aplaeargtfwm_lae pallegr ttzn “forwasd aalgprithmy) amd: let Ctb@l plananto- Phase

llg tabl e i ndi C'ﬂ{e?@aw@tfoﬂgdbgséﬁylyﬁ linverse- adgcﬂ' I Napenbege :H{/@rgg\o' zed.

rule” 26)
98/ 32090 algorithm is nearly identical to the forward algorithm. The only necessary

Fro, ). Aft ehanasnis: fo,igronange ‘il pfamtariepe & therfanstiaes G anbs'
i ndi cat es t hat yjiehZre 35814 fifid 1Y endd&@©€8nd "previous” addresses that occur within
15 a cycle. In other words, wherever the forward algorithm calls for the C(i)
function, the inverse algorithm calls for C-1(i), and wherever the forward
algorithm calls for the C-1(j) function, the inverse algorithm calls for Cf(j).
Conceptually, this means that the only difference between the two
algorithms is the direction in which they traverse each map cycle. All other
20 details, including the progression from phase 1 through phase 3, and
inciuding the maintenance of tables that record which addresses have
occurred in previous cycles, are identicat between the forward and inverse
algorithms.

25 For practical purposes, software that implements the inverse function C-1(i)
should not use the modulo form (C-1(i) = Ni mod Q), because the number N,
which stands for the number of pixels in the image, is extremely large.
instead, a software implementation of the inverse function should use the
more easily calculated form:

30

- C(iy = j*N + (i)/4,

21
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pl anari zed. The next unpl anarized address is five, so the algorithm
pl anarizes the 5-Cycle (Fig. 5 e). The 5-Cycle consists of 5, 20, and 10,

and 5 has a length L=3, which is a factor of six. After planarizing

t he 5- Cycl ayvo bfi090 Phase Il table indicates that 1, 3,

have been pl anari zed. Now t hat the Phase I tabl e‘?g"sf“("’ﬁ gpPhase
Il has ended. The al gorithmthen : det erm nes whet her Phase |11

shoul d be entwhen. j sA{i mdd 4).poi nt, there are 36 10 bytes total in the

i mage. There are two stationary bytes, ie. bytes that need not be

noved. A total of 21 bytes have been noved so far. Therefore, there

are still 13 'DMEEQ(dré’@Si&\ 2anlsY implememsd abeeffmmw aé\canuobemap's ebbase |11
nmust be entered. ase_ Il ll, the al th Iocaé)es t he ext

In P
addr ess t hat mgre]&ffl iclently ha, etRBfO"Qma' exprgsRjo er 'OV % eﬁ:’g‘h‘,'?/"clt The
1- Cycl e st abl eysdransnd Wﬁédﬂo-@”?né dAdé-by-4 are bom %ﬂﬁﬁllezﬁﬂaryTﬂﬁrcﬁfa% Phase

1] |gnores all multiples of four. Because t b?e ended
at Address 5,thah&e atmelOo@@lW@JaWt&ﬂ WOHOQ?&F%S o%j otheks bmary Compﬁﬁt’ga

mul tipl e of f@%\; oit is assuned that the 6-Cycle has not yet been 20

pl anari zed. A d? I'ngly, the 6-Cycle is planarized (see Fig. 5f).

Next, the 7-Cycle is planarized (see Fig. 59) because seven is not

di vi si bl e Af ter 7- there e.five byt left to
move. This is'P é@@%ghe inverse aﬂg?é'%lm (’Pi%j n Fig, helgii'ﬁori t hm
ent ers tiphe Q gedrhplel wétd ProcesSde b9fth85nverse lalmﬁmafnl thenTthes strdt@reabg@ri t hm
only considers addresses that are nulti factors. In this

exanpl e, the Wakeup &f 8ll gightvyelas wp%é@lﬁ%@ mtga@salmmd the (r%ethod phindingycl e
has al ready bggnt¢nReio dRis fleulrdhﬁer\ﬁélétic%}’% %géf'e gz wouild be the
factor of Q

10- Cycl e because ten is”a nu le o 30
The 10-Cycle mmadmnmaarmrsesdinefgm Abdepieted mlmed‘lg]m,zlthtsOmrmﬂgads

mist be st ool B iidithe; AfBadbhe o 0 SHOVE anal ik shalin BT
20 15 cycle. For example, ShiBSTcyéie EwSHIdEDe( convertetb)from planar to WO
98/ 32090 interleaved mode by saving the value at address 1 and then rrlz\).sgig;néJ Z /24152
following sequence of copies: copy address 9 to address 1, 11 to 9, 29 to
11, 16 to 29, 4 to 16, and then the previously saved value of address 1 to
address 4. '
20
Although the invention is described herein with reference to the preferred
embodiment, one skilled in the art will readily appreciate that other
applications may be substituted for those set forth herein without departing
from the spirit and scope of the present invention. Accordingly, the

25 invention should only be limited by the Claims included below.

22
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mul ti pl e of seven (see Fig. 5h). Then, the 15-Cycl'e is planarized because
15 is amltiple of 5 (see Fig. 5i). The final 3 bytes of the inage are
noved " during the 15-Cycle. s“ﬂﬂ'rmu yt es have been noved
and there a¥@98/32090 no nore byte !mmﬂm t here arcxr@®7hyises i n
the imge, two of 5 whi ch are st atlohary fand 34 of which have been
'moved. Therefore, the pl anarization is conplete. As

‘di scussed above, this algorithmis easily inverted to convert planar

i mages to interleaved-format. For thi Egj&%si on, let the interleaved-to-

10 pl anar formbe called the "for orithrn" and |l et the
pl anar -t o- interleaved formbe called the "inverse al gorithm

Then, the |nverse orithmis n e rd

al gorithm Thel-onl Y n’@@&%ﬁ ar converting,, |1 BEXY%Gd Jgat# @er%h@%ﬁ% eﬁg rwat,
occurrenges Ofcdnlirﬁlsﬁ g-{elgtggsafl) and Cferr] (i) whi ch are used to
find the "next" and "previous' addres%es t hat

Shostch e bk

In other words, whdplvdngiadirstgpap,yc Jurye jagng Suirfer, dugng first”
function, thed gt se algorithmcalls for CG1(i), and wherever the forward
al gorlthm cal I's or' the JQerr] (i) function, the inverse algorithmcalls for

(i) . Concémdmg ae}dntmmalsnmay@estaad mappiog through seidimameintigeen t he
t wo orithnms is tﬂe dir ctlon in which they traverse each map
cycle. Al ot Inga secongl.phase; an ncl udi ng the progression from phase 1

t hroughiphase 3, anfapping all rema(iﬂmlgilcyqesmmglmMEp‘rmaof tabl es that

record whi ch addresses have occurred in previous cycles, are

i dentical between the forward and inverse al gorithns. 25 For
practical purppses, THOhetféd of @ém’! Wfpbﬁﬂﬁfﬁ&ﬁpﬁé&e fuMRF TBniprsg e steprr] (1)
shoul d not use the nmodulo form (C 1(1) = N nod Q, because the nunmber N,

whi ch stands f@t the nunber of p| xels in the image, is extrenely |arge.

nstead, 8, SO ok ARIEIhGigho e’ =41 mbd (£, B bidr shAAeNSS Lhe,
21 15 interleaved addresseS{BSTI TUTE SHEET ( rul e 26)

where Q = 4N-1

where i = index of a planar byte in said frame buffer; and

where N = the number of pixels in said frame buffer and 4N = the

number of bytes in said frame buffer.

20
3. The method of Claim 1, said first phase further comprising the step
of:
planarizing said frame buffer by:
(1) starting at an index n that has not yet been converted and
25 setting another index | equal to index n;

(2) saving the value at i;

(3) copying the value of C(i) to i;

(4) setting the index i to the next index in the cycle, which is C(i);

(5) if a new index i is not the same as the index n from (1), then
30 going to (3); and

(6) copying the saved value from (2) to the most recent i from (5)

that was not equal to n;
~ \
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WO 98/ 32090 T

PCT/ US97/ 24152 where | = (| Thi s expression can
be inplenmented as efficiently as, a ” JMHI nore efficiently
' | t he

t han, the q%,'b%h,gﬁ}aoexpr ession C(i). This 5 PCngpﬁr“%tzi ons
n

nodul 0-4 a I'vi de-by-4 are both sinple binary cal cul ati ons t hat
are atomc on virtually all mcroprocessors or other binary conputing
devices. wierbl diejeia sl Ny plrigbdoand hm refer to the
exanple in Fig. 4. If this 10 @ exanple were processed by the inverse

al gorithm then thavhsreinca ayae sminished when 4\ gepjes hayebeengRadeycl es woul d
still be identical, and the nmethod of finding all of these cycles
woul d be identical, but each cycle's bytes would be copied in the

reverse direct4d.on. The rathad ofl Glaint Be shidyseennd hhase durtharpeoriprising the to
merely rgversin tge directions of the arrows that are shown for each 15
cycl e. or eﬂgﬁ)f’ , the 1-cycle would be converted fromplanar to

i nterl eaved node b¥ingg faektian ¥Ripu@).at address 1 and then naking the

foll owi ng sequence of copies: copy address 9 to address 1, 11 to 9, 29 to
11, 16 to 29, 4 to 16, and then the previously saved value of address 1 to

address 4. 20 ,?al&l‘b i ih QN dveiedensthls 8 rf%ﬂ' oVl
reference to t?ie prTer}eelr%Ireré fHf 1’e0n)§§(§5|dr‘r§nt(%yéone g@i quﬂg ?n t aér%] will
readi | y appredeagth evenly; @ndevherein no cycijs looget thas saig fitst cycbswhere anl f or
t hose s fort, r.ei ' i . L scope
of the gbesent'%yﬁ@elﬁtéjgﬁ&é %@@o&%ﬁ%ﬂ Xh‘eaEg a c}&?ﬁll/% i Zﬁééﬁ%éﬁgﬁ%m y be
limted by thengphiberof distirct fhelicdach @aid cycle.
22 SUBSTI TUTE SHEET ( rul e 26)

6. The method of Claim 1, wherein a cycle's lowest index is a factor of

Q if a cycle is shorter than said first cycle, where an i-cycle is a cycle which

15 contains index i, and a cycle's length is equal to the number of distinct
indices in said cycle.

7. The method of Claim 1, wherein any j-cycle includes index (ij mod Q)
if said first cycle includes index i, where an i-cycle is & cycle which contains

20 index i, and a cycle's length is equal to the number of distinct indices in said
cycle.

8. A method for converting interleaved data to a planar format,
comprising the steps of:
25 processing an 1-Cycle and saving all of its member indices that are
<= MAX_HIT in an array firstHitf};
visiting all indices between 1 and MAX_HIT during at least one i-
cycle;
skipping any indices that have already been in a cycle; and
30 as each cycle is converted, directly recording any hits to indices
between 1 and MAX_HIT in an array hitf], so that indices that have been
used are quickly skipped. R

el B AT
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23 CLAIMS 1. A nmethod for converting interleaved data to a pl anar
format, K conprising the steps of: followng a first map cycle
throughout a franme buffer during a first phase; finding additi onal

map cycl es WOPSAi ng t hr ough sai ring a seepifePpiaset:
mappi ng all remaining cycles duri nglmmmﬂ mn&&@!’ nd iterating a
function, C(i) = 4(i) nodQ that maps pl anars a ses to interl eaved
addr esses; where i = index of a planar byte in said frane buffer;
wher e Q=4N[ er a ' ' ' me
buf fer and 4Ngl— hgﬁ?\tjn tgpd‘c’éj%&pﬁ?wﬁ@@é&rﬁ‘ﬁﬁ&ﬁgﬁg&%m?gﬁnbf‘gﬁﬁﬁﬁq%&?net hod
of Claimil, sanything stsmdaseyclarare@onswemd whey ladkingsfor mewf cycles.

pl anari zing said frame buffer by: (1) starting at an index n that
has not yet been converted and setting another index | equal to index n;

(2) saving the varrue mbthod of cxa»m(Q)whemm'IanQetﬁammgldyelesfarS(krbv&rptd

4 tt d t t jpd h
(5) T & nowbPlRIg.a Mulinies of Fastarne! B BdcSaia dearah fs BATONSY 1 Hasseyoi ng
to (3); and values(cﬁ)ly, &Y hqgnfaﬂﬁnﬁﬁl’xﬁ'ﬁ)e\‘@f %c{/ﬂ&?b%@ﬁ &ﬁg&'ﬁ’eiéwssra ecent

i from (5) that was not equal wher e tarting at i is
pl anari zed; arfdCycle's lengx ei n a cycl e is finished Wnen 4N copi es have been
made. 3. The nethod of Claim 3, said second phase furher conprising the
step of:

10 11.  The method of Claim 8, further comprising the steps of:
processing an i-cycle when there is no basis for rejecting an index i;
wherein an i-cycle has already been processed if an index less than
i results during mapping of said i-cycle;
restoring said i-cycle to a previous state by copying in a reverse
15 direction; and
skipping to a next candidate for i.

12. A system for effecting an interleaved to planar data format
conversion; comprising:
20 a CPU;
a frame buffer, in communication with said CPU, for storing said data;
an 1-Cycle table for storing data indicative of addresses visited
during a first map cycle through said data; and
a phase [l table for storing data contained at addresses visited during
25 subsequent map cycles through said data.

13. The system of Claim 12, said CPU further comprising:
a current address register for mapping a cycle through said frame
buffer.
30
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24 finding a next | in step The met hod of O aim 1,
wherein all cycle | engths divide aﬁﬁmﬁth evenly; and wherein
no cycle is longer than said first cg ,mwm" I ﬂl 'l cycle is a cycle

whi ch cont a¥ipSs} X i, and a cycle’ mg;g toth f

di stinct indi cegﬂﬁﬁ sai d cycle. 5. The Hketho Claim ?ﬁmlﬁ a
cycle's lowest index is a factor of Qif a cycle is shorter than said first
cycle, where ami-CN@@s'ta'nan@mhmmanthﬁmtmihescbmésmg, and a cycle's

| ength is equal to the nunrber of glstl ct indices in said cycle. 6. The
met hod of O ai m 1, &REFAATETRE0ILSRBY ncl udes index (ij mod Q if said
first cycle incl Udeh?\ '(Xdﬁ%d& ) funefien 8far ideterdlifingSthe epAteRtsyMof Chig ORh@i NS

i ndex i, and a cycle's len I's equal to the nunber of distinct indices in
said cycl e. reSS\feﬁﬁtﬁbd for converting interleaved data to a planar
format, gorrprl 5| ng the steps of: processing an 1 -Cycle and saving
all of its menber indices that are <= MAX HIT in an array firstHt[];

visiting all it ce'ﬁ\d)syslﬂnmfﬁaln'dm/,lﬂealdimtﬂfuﬂhegcamphsmgt one i- cycl e;
ski ppi ng any indices that Cﬁ al rea% been in a cycle; and as each
cycle is converted,? BT‘?"’%?H RO Fd! é A hits to indices between 1 and

MAX_HI T in an arraygd '(7(4“:5'\1)(10? quadtiin todeepmidehtie e@wenee@msa;a?be%as
qui ckly ski pped, 8. he method of Claim 7, wherein only indices that

are not nulti padldxeas f%gi‘y‘*ehl ng in said 1-Cycle are consi dered when | ooking
for new,gycl es. 9. The method of Claim7, wherein all renaining
cycl es gpe known to belong to nmultiples of factors of Q and said search is
narrowed to thtée VEheisstemlof Claint 3 asaid @RUhfurthencobrising: uncycl ed byt es

drops below said 1- O Geftor 6y a value Q=(image Size)-1.

17. The system of Claim 13, wherein said data comprise an image, said
15 CPU further comprising:
a register for storing said image size.

18. The system of Claim 17, wherein said data comprise an image, said
CPU further comprising:

20 a register for storing a number of stationary bytes.

19. The system of Claim 18, wherein said data comprise an image, said

CPU further comprising:
a byte counter.
25
20. The system of Claim 19, wherein said data comprise an image, said
CPU turther comprising:
a register for storing the 1-Cycle {ength.
30
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10. The nmethod of Caim?7, further conprising the steps of:

processing an i-cycle when there ej ecting an index i;
jMherein an i-cycle has aI r eady beuﬂl"ﬂmuglmmmm i ndex | ess than i

Fesul ts dur (YW@ 2833989 ng said i-cy s restoring sai BCTUSY U2 0 a
pr evi ous state by copylng in a reverse d|rect|on and skipping to a

hext candi dat e effectl .an interleaved to

bl anar data for%ﬁ‘t C-B'Pl%é)'é?ghé@é ?g]s{ er compr|SI " CPU, said CPU furt her
conpri si ng: a first %ueﬂaé@ﬂtfoﬁ@b&aétmgegaﬁi eluniber ofphitiopasy bytdse

t hrough said frane buffe a next addr%‘!s register;

an (X4modQ f untagiser frem ﬂ@t%@fﬁ@'ﬁﬁﬁ saifk iragR sikegegisterAng fargroducing an’

address registe a previous address register; and
An ( X4[ err] nndQ?uﬁpunc erefrowbaladet erm ne the contents of said previous

addr ess ré&gi ster; a secanﬂrsumrabtdrfmrwhlch sasdnfinsti subtrantons outphirdsPe, f or

o L0957 ok ol b S BB b PR O .

phase 11 tabl e jnowhiehUasBProcdssimPot sHid atlageé issesmpietns visited during
subsequent map cycles through said data.

26 12. The systemof Claim1l, said CPU further conprising: a
regi ster for stggl NOTRe %4t %Iﬁﬁ'ﬁ‘@@ Rirke} camgpﬂﬁé The system of O aim

11, wherein said data cofprise an | mage, sald rther conprising:
a registd for storiagfirshisublragige for Aubtracting the h@@?@tﬁeﬁf Saidcirgmber 30f

wherei n said dat rise r a
jregister for st t' rr& rﬁ@fﬁ')%nb\egggffwﬁﬁégpﬁgﬁl{ §€‘L'£8 |m%8gp§1iesl'éb9ster and
' for producing an output therefrom;

a second subtractor at which said first subtractor’'s output has the

contents of said byte counter subtracted from it; '

15 a third subtractor for subtracting the contents of said 1-Cycle length
register from said output of said second subtractor to determine if the
number of bytes left is less than the 1-Cycle length, in which case a Q
factorization stage is entered.

20 23. The system of Claim 22, further comprising:
a Q factorization table for storing Q factors.

24, A system for effecting an interleaved to planar data format
conversion; comprising:
25 a frame buffer for storing said data;

a processor for processing said data during an 1-Cycle and for
saving all of said 1-Cycle’s member indices that are <= MAX_HIT in an
array firstHit{);

said processor visiting all indices between 1 and MAX_HIT during at

30 least one i cycle;

said processor skipping any indices that have already been in a

cycle; and
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15. The systemof Caiml

conprise an i mage, said CPU
further conprising: DYrhfe: The system of O aim 15,
wherein said data conprise agU! HM[H mlmmmher conpri si ng: a
regi ster fWoogsmopng the 1 The syst ewc@iustdansy 15,
further conprising: a first subtractor for subtracting said nunber of
stationary bytes register fromthe contents of said i nage size register and

for producing an egidprodeseoetirectly aamdrdmg anyzhitsetooindicesbhetweenr! and whi ch
said first subtractor's out asth tent

subt ract ed td"%&-@ ihan, ?“’%é&’gﬁlﬂﬁ gac P)éc &f tc%n?%rt% %1%3%&%{%&%%& ng of
said i mage i %éi%%é?{)ﬁsed a@q?,cﬁ'@egkgpp%aem of daim16, further conprising:

27 a first tractor for subtracting the contents of said nunber of
stationary register bytes, fromthe contents of said |mage si ze regi ster,

S AL o R0 g e e <

st s he cSNnt's o sal e counter
subtract ed frindices VlSlted by said tpnbeessetibt r act or for subt ract ing the contents

Co determine. i1  nENRIaHbAdopropgeest Gaaipap Y R fr & Mol PR thel G107
i n which caseng &é@@t%u%nr@wasmgbussmm emﬁperfoftﬁs a et sme ¢matof

Claim 18, further conprisin Q factorizatio tale}jl storing Q
factors.  20starts @y%&*énﬁiﬁﬁrmépﬁe%@m ﬁbeaﬂamgeppéﬁ% Pt 3R NSXL CYR8L S £ or mat
converslioon C%thbal ng: a frame buffer for storing said data;

26. The system of Claim 24, wherein said processor enters a next phase
of operation when said firstHit{] array is depleted, such that said array can
no longer be used to identify a starting indice of a next cycle.

15
27. The system of Claim 26, wherein said cycle starts with a first indice
that is beyond the limit of said firstHit[] array; and
wherein said processor scans from that point forward until an indice
is found that is not a multiple of any indice that had been a member of the 1-
20 Cycle.

28. The system of Claim 26, further comprising:
a byte counter; and
a 1-Cycle length register;

25 wherein said processor subtracts the value in said 1-Cycle length
register from the value contained in said byte counter to determine if the
number of indices that have not yet been visited is smaller than the size of
the 1-Cycle.

30
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a processor for processing sard data—dur+ng an 1-Cycle and for saving all

of said 1-Cycle's rrenber <= MMX HT in an array

firstH t[]; sai d Himmg,l"mé all indices between 1 and MAXHI T
during at IWQSB3IE | c! ¥ rocessor skippi ng Z6F/USAUZ4ES t hat
have al ready been in a cycle and sai d processor directly recording

any hits to i bet ween nd ' ray hit[] as each cycle
i s converted, tthe? 'Eeéf ﬁﬂﬂl%@‘%@% s%raéare qui ckly ski pped.
21.  The system of ébaamoaeatrwadieathaa&oﬁfainstdiistbf alt tivg taicturs of Qe first 256

I ndices visited by said, processor; eéeg n sai gwﬁ)roces or%cgonti nues
to ook for a next WHRIBKESRIFProgassas Antgeed @ tactas iStRPe, PESER Upgn
cycle, and per kiSe § Yol bainga Rlctdrfdhe §2¢ dlé‘ﬁ"l thintil the
starting Iocatér@;n o sgrs'gérntgéﬁ lg?/c le is regr s?{c y S’

28 22. BThe system of Caim 20, wherein said processor enters a next phase

can no | onger S R Syefbhicipin 28C Fherdin S ritessp SRiches B o™ Y

23. The syst eyalgé sfdred at 2n, mdherielamemplé ofyohee of saidtfaciors bf @ éacrrstnmendl ce
that is beyon‘gthelrmt of dfrrstHrtHj ar?/ and wherej n said
processor scandef 53 PmPsfﬂfr § Atwar e ippice s Whergin: Saids Procgsser PRt | s
not a multipl epfdhe git@fést&%es@ﬂalbéen a rrerrber of the 1 -Cycle. 24.
The system of aim 22, turther conpri sing: a byte counter; and

a 1- q/crlﬁ | engt h regr ster wherein said processor subtracts the
value in said f l.d byte
counter to determ neﬁ? fs%g%te#n(ﬁﬁgfa%%g’i ﬁ’@?@é@%ﬁm\{ g%%ohﬁdiﬁdeﬂr@re%f#s
visited i s sneindicest érah mltiples 2beriof tdiready - yitdds . and 5 restrrctedstpsirﬂmasf
Claim 24, further .conprjsi.ngq: . . Q factorization table that contains
alist of all %Hgdf%ggldr@fﬁﬁoffaﬂontab%‘vr/nerei n said processor enters a Q
factorization stage based upon any cycle shorter than the 1-Cycle being a

factor (%fs the éL WC}\ emsetllroedngforb ‘converting planar data to an interleaved format
comprising the steps of:
following a first map cycle throughout a frame buffer during a first
phase;
finding additional map cycles and mapping through said frame butfer
20 during a second phase; and

mapping all remaining cycles during a third phase.

33. The method of Claim 32, said first phase further comprising the step
of:
25 iterating a function, C1(i) = j*N + (i-j)/4,
that maps planar addresses to interleaved addresses;
where j = (i mod 4);
where i = index of an interleaved byte in said frame buffer; and
where N = the number of pixels in said frame buffer and 4N = the
30 number of bytes in said frame buffer.
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26. The system of C aim 25, wherein _said processor determnes if the value
stored at an indice is a nultiple of one of said factors of Q each time the
said processor |ooks at a new i nd| ce, vvm ssor only accepts
the mul ti pwassdizoshese val ue. Th Hﬂlmﬂmﬂﬁﬂﬂl 25rc 847kl d
processor both elinnates indi ces and muftipl és theteof al ready visited,

and is restricted to indices found in said Q factori zation table.

29 28. A netB4d f The enethedtof iGjaiph 32asaiddirst plasenfurther comprisidg ftiee Step,
conprising the,steps of: following a first map cycle throughout a
frame buffer t]l’l ng a first phase; finding additional map cycles and

mappi ng through sajferddsirgy SaitiftRimé Buffegby: second phase; and mappi ng
all remaining cycles during a third phase; iteratin function,

C1 (i) =j*N + (if}) startingaat mpg\Wanathahd@ﬁea%feifeft Beﬁfr\t‘mve%%
addr ess wher &, e I = index of an

i nterl e?\;ed byte in sal éi"?q aﬁbthbgﬁﬁaéé}(;le%glto m%’?h\’/\/nere N = the nunber of
pixels in said fra(@® seving theraldélati;t he nunber of bytes in said frame
buffer. 29. The t hod. of ai,m 2 id first phase further conprising
the step of: (aﬁ‘r?\t% é@/ﬁhg %?8 Ppgﬁe "buffer by: (1) starting
at aln indexdn t hat (ﬁaxem%munldenmtmmmmh awmdmcydlagmmts“em I ndex Ih
equal to index n; . (2) . savi t he val copying the
value of C(i) to i) ¥ ag\e@mls notthe smerRs tHﬁ(?é'Q"'!a‘ f‘é’%éﬂ QQW%%’ in the

cycle, ghich is C(i); (?and(5) if a newi is not the sane as the original

n from (1), then going td (3); and (6) copying the saved val ue from
(2) to the nost re(@nthPanmq saveth xalugdtomdR) & the mastrecent i fromi(8) ein a
cycle starting at i Sthhf‘@v‘éé'n%?)é&ﬂaltar?p wherein a cycle is finished
when 4N copi es have been

wherein a cycle starting at i is interleaved; and
wherein a cycle is finished when 4N copies have been made.

15
35. The method of Claim 34, said second phase further comprising the
step of:

tinding a next i in step (1).

20 36. The method of Claim 32, wherein all cycle lengths divide a first
cycle's length evenly; and wherein no cycle is longer than said first cycle,
where an i-cycle is a cycle which contains index i, and a cycle's length is
equal to the number of distinct indices in said cycle,

25 37. The method of Claim 32, wherein a cycle's lowest index is a factor of
Q if a cycle is shorter than said first cycle, where an i-cycle is a cycle which
contains index i, and a cycle's length is equal to the number of distinct
indices in said cycle.

30
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30 30. The nethod ofMond phase further conprising the
step of: findin mlelﬁl p (1). 31. The nethod of Claim
28,. wherein all cycle | eﬁmmr““u rst cycle's length evenly; and

wher ei n no WWQEB2PYW | onger thart s&di d5fifFst cycle, where an iRCT/USHIR4ISRs a
cycle which contains index i, and a cycle's length is equal to the nunber

f distinct indj f
b cycle 5 1 owodtS.| ndie methpd diaim 3y Whersin oy iFyb InclugRs i Ginaed OF) o

first cycle, whesfidamst cye}eCineluUés IndRsCl, whelhé @R 1%9Bfedls S oydid WicH cortBifisa
mycle s length is equal the nunber of distinct indices in said cycle.

33. The net hodndex oaadna mmée@m!%ﬂqu?l-t@m aumber ghidistinetdegtices in sdid Q
if said first &Qe i ncludes index i, where an i-cycle is a cycle which
cont ai ns i ndex and a cycle S Iength is equal to the nunber of distinct
indices iB said cycl e. A net hod for converti ng planar data to an

and saving al | B | A fms'r?%naatoﬁigb ey, datay i B TR Prorpat ' ©

irstHt[ ]; compng{ﬁétﬁelg’tgpgb* i ndi ces bet vveen 1 and MAX_HI T during at

| east one i cycle; any indices that have already been in a

cycl e, and a@re%&wrzsjeﬂecv%e@aﬁ\ﬁmr@daﬂ @l itsmember dedices Higt arg <mi t s
to indices betvg 'ﬁﬂﬁeﬁ%ﬁ?@tﬁﬁﬂ"n array hit[], so that indices that
c :

have been used are ~qui The net hod of C aim 34, wherein

only indi@es that ansiting aliuind Opse@emeaniltaﬂmgﬁﬁ\)ﬁ_ﬁa' dutingyat| leask one |
consi der ed V\henc)) PQkI ng for new cycl es.

skipping any indices that have already been in a cycle; and
as each cycle is converted, directly recording any hits to indices
between 1 and MAX_HIT in an array hit[], so that indices that have been
15 used are quickly skipped.

40. The method of Claim 39, wherein only indices that are not multiples
of anything in said 1-Cycle are considered when looking for new cycles.

20 41. The method of Claim 39, wherein all remaining cycles are known to
belong to multiples of factors of Q, and said search is narrowed to those
values only, once a remaining number of uncycled bytes drops below said
1-Cycle's length.

25 42. The method of Claim 39, further comprising the steps of:
processing an i-cycle when there is no basis for rejecting an index i;
wherein an i-cycle has already been processed if an index less than
i results during mapping of said i-~cycle;
restoring said i-cycle to a previous state by copying in a reverse
30 direction; and
skipping to a next candidate for i.

=

THIS SHEET HAS BEEN
—_— REPLACED

This Sheet Has Been Replaced

[ "

SUBSTITUTE SHEET ( ruie 26)



31 36.° The nethod of Caim 34, wherein all remaining cycles are known to
belong to nultiples of factors of Q and said search is narrowed to those
val ues only, once a remaining nu_rrbhﬁm m " , tes drops bel ow said
1-Cycle's wEsh 37. The net n mlm A, 'rurther g% | t he
steps of: ﬂ%? ocessing an i-cycte ahen khese 4 S no bas? #ﬁir"g%ecti ng
an index i; wherein an i-cycle has al ready been processed if an

i ndex less thag i pesyskemdysr nareingi 2o Qilandar doi impiéaved data foramitoring
said i-cycle to a previous state by copying in a reverse direction; and

ski ppi ng to a CABYErsia GompArsinGr | . 38. A systemfor effecting an
pl anar to interlea eepgat a format conversion; conpri sing: a CPU,
said CPU further conprising: a current address register for

mappi ng a cycl e t hadrarhedwiffér,fin sommunicatiorbwith said CPU, for storing said deta:

ont ent <Pof sai o' néy-Cvcle table (i o B ipgRfte 8F abfectes GgRhd fing O°

addr ess regi steefirst mag cycle through saidalatdpétder r] mrodQ function to deternine
the contents of said }g)revi dress re

. £qi : . af
buf fer, in communi @&RH&5¢ Um%ﬁ%%ﬁ go@%,ga?ao?orgg@gb%earggrqfsaalvggtgd during a "1"

cycle table f lid fe8dhonbh\idHagddr esses visited during a first
map cycl e thr%lgﬁégg?ﬁ(}ggg?rg?cgﬁd %

32 a phase It table for storing data contained at addresses visited

during 4gubsequent sRDEYGheT AIBRPEE sHd CP U Rirther comprising:

a current address register for mapbing a cycle through said frame
buffer.

45. The system of Claim 43, said CPU further comprising:

15 a next address. register; and
an (X4modQ) function for determining the contents of said next

address register.

46. The system of Claim 43, said CPU further comprising:
20 a previous address register; and

an (X4'modQ) function to determine the contents of said previous
address register.

47. The system of Claim 43, said CPU further comprising:
25 a register for storing a value Q=(Image Size)-1.

48. The system of Claim 43, wherein said data comprise an image, said

CPU further comprising:
a register for storing said image size.
30
49. . The system of Claim 48, wherein said data comprise an image, said
CcPU f‘urther comprising:
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9. 39 : a register
or storing a value Q=(I mage SI ze The system of C ai m 39,
erein said data conprise HH” U further conprising: a
egi ster fowoSBGRI9Ag said i The system of Gh@i03%B4152
erein said data conprise an | mage, sal d CPU further corrprl Si ng: a
register for storing a number of stationar ¥t es. The system of
Cl ai m 41, wherei n shiegister Pr&soRng %@umbeir@ig‘@ ‘°§§chm further conprising:
a byte counter. 43. The systemof Claim 42, wherein said data conprise
an image, said CPU further conpri sing: a register for storing the

1-Cycle | ength50. 4Phe systems gk Claimot9, Gvkareinieaididata lsomprisaran imagg, said a
first subtract g said nunber of stationary bytes register
ifromthe conte Fy @hhggfb‘éﬁ%ﬁé@g size regi ster and for produci ng an out put
therefrog and ) a bfteseoumiér. subtractor at which said first subtractor's

'output has the contents of said byte counter subtracted to determne if
zero bytes are left, in which case processing of said inmage is conplete

33 45. The syfteny sﬁ@h{fbﬁgtaufn d, VeherefBAilSddtg co mprise an ffn qé Séatcl

:subtractor for subtractlng sal er of stationary tes regi s
‘the contents oEPYSfuRhERBEBIPEBING: r egi ster and for produm ng an out put

out put QZ‘ the contBRD THGARFME 1 SyrlbhGEE? et et rom i o o
52. The system of Claim 50, further comprising:

a first subtractor for subtracting said number of stationary bytes
register from the contents of said image size register and for producing an
output therefrom; and

15 a second subtractor at which said first subtractor’s output has the
contents of said byte counter subtracted to determine if zero bytes are left,
in which case processing of said image is complete.

53. The system of Claim 51, further comprising:

20 a first subtractor for subtracting said number of stationary bytes
register and the contents of said image size register and for producing an
output therefrom;

| a second subtractor at which said first subtractor’s output has the
contents of said byte counter subtracted from it;

25 a third subtractor for subtracting the contents of said 1-Cycle length
register from said output of said second subtractor to determine if the
number of bytes left is less than the 1-Cycle length, in which case a Q
factorization stage is entered.

30
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a third subtractor for subtracting_the contents of said 1-Cycle |length
regi ster fromsaid output of said second subtractor to determne if the

Factor et wpsesang = enveren SUURARRNE o 5 e Friag

conpri si ng: a Qfactorization*tabl e fér stofing Qfa

systemfor effecting a planar to interl eaved data format conversion;

conpri si ng: WitBm f I fupther copRging: dat a; a processor
for processi ng5‘§s'ai dﬁ]cga%a d.u%_frgggnifs- cle ang fo? saving all of said
1-Cycl e' s nenber i rifdfastorigationtableforSiong i factarsan array firstHt[];

sai d processor visiting all indices between 1 and MAX HI T during at |east
one i cycle; sai d processor skipping any indices that have al ready

been in a cycl&§. anAl system fs &ffgcting acpianar toiintederved datar format eenvension; t o
I ndices hetween 1 and MAXHIT in an array hit[] as each cycle is converted,
so that Pndi ceLTHE™¥rave been used are qui ckly ski pped. 48. The system

of Claim47, said affrashel buffdrifbi $thringsaidliddtag the first 256 indices visited
by said processor;

. . . 4
wherei n sai d proces’BFroGesEDs farpsosessing Raid slata dydng & 1iivele %g‘“rﬁé’é’"}%t

been visited dyy 1??%3?" W-,@Pbl@'és nfetRbéY, irtdisbaP it O4réB<2 MAX_HTV Ghean atayst arts

at said next indice until the starting |ocation of said next cycle is
revisited. frotHitflThe system of C ai m 48, wherein said processor enters a

NoXt PaRE O, OPerdliy Bhodligsy SRiho/ 4 fickde el bt WARX Fifaurdiig i L2

said array can no € use tify a starting indice of Ja next
cycl e. 50. ledbrorsybtyole;of Cl aim 49, wherein said cycle starts with a

first indice that is.,beyond the.lj.m.t .sald firstH L[ 1"
wherein said pr oces%adq %’%&ﬁ%sq’rgﬂ?ef‘ﬁht a&i"ﬁ‘f}é%o?@r ﬁ%t%"ﬁgéia‘?% @g 45
found that is gaje;artl tiple of any indice that had been a menber of the 1
- | e. . . I
Cyele said processor directly recording any hits to indices between 1 and
15 MAX_HIT in an array hit[] as each cycle is converted, so that indices that

have been used are quickly skipped.

56. The system of Claim 55, said array firstHitf] containing the first 256
indices visited by said processor;

20 wherein said processor continues to look for a next indice that has
not been visited during a previous cycle, and performs a next cycle that
starts at said next indice until the starting location of said next cycle is

revisited.

25 57. The system of Claim 56, wherein said processor enters a next phase
of operation when said firstHit]] array is depleted, such that said array can

no fonger be used to identify a starting indice of a next cycle.
'_,..M il
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51. The systemof O conpri si ng: a byte counter; and
a 1-Cycle register; processor subtracts the value in

said 1-Cycle regi st er frm‘mﬂﬂ“iﬂwi m ained in said byte counter to
det er mi ne wb 98i3209nunber ave not yet been VPGI/USAI/24E52
smal  er than the 5| ze of the 1 - Cycl e. The system of O aim 51,
further conprising actorization tg hat con,&, s a | st of

all the factoB8. of TQe system ‘i?f/r@\aé'ﬁrﬁ"sa’f"aﬁrﬁfrb%@gs‘iyp SPaEP Wi ffﬁﬂr‘gfclezat i on
st age based uQﬁ&@@égSM&#ﬁe ﬁrlﬂﬁrotf‘%éldt yﬁ -Qrel e being a fact or of the 1
he

-Cycle's | engt systemo 2, wherein said processor
det er mi nes i f t he wtiefemssmdqnoeeswn scad:s drons that paint fopivardogntd ran istliceai d

actore 1 @ S8kl B Wi FrnRiR B3l B BB i or Wt

35 54. gThe @&m of Claim 52, wherein said processor both elimnates
I ndi ces and nultipl es thereof already visited, and is restricted to indices
found in said Q factorization table.

59. The system of Claim 57, further comprising:
a byte counter; and
a 1-Cycle register;
10 wherein said processor subtracts the vaiue in said 1-Cycle register
from the value contained in said byte counter to determine if the number of
indices that have not yet been visited is smaller than the size of the 1-Cycle.

60. The system of Claim 59, further comprising:
15 a Q factorization table that contains a list of ali the factors of Q;
wherein said processor enters a Q factorization stage based upon
any cycle shorter than the 1-Cycle being a factor of the 1-Cycle's length.

61. The system of Ciaim 60, wherein said processor determines if the
20 value stored at an indice is a multiple of one of said factors of Q each time

the said processor looks at a new indice, wherein said processor only

accepts the multiples of these values.

v

62. The system of Claim 60, wherein said processor both eliminates
25 indices and multiples thereof already visited, and is restricted to indices

found in said Q factorization table.
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