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I nvention The present invention relates to the field

of conputer graphics rendering. More particularly,

the invention relates to a nethod and apparatus for

the re- conposition of multiple
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predom nant nethods for rendering graphic data with
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in which each GPU renders the next successive frane,

Screen Space Conposition, in which each GPU renders a
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Background of the Invention

As with many types of information processing implementations, there is a
ongoing effort to improve performance of computer graphics rendering. One of
the attractive attempts to improve rendering performance is based on using
multiple graphic processing units (GPUs) harnessed together to render in

parallel a single scene.

There are three predominant methods for rendering graphic data with
multiple GPUs. These include Time Domain Composition, in which each GPU
renders the next successive frame, Screen Space Composition, in which each
GPU renders a subset of the pixels of each frame, and Scene based

Composition, in which each GPU renders a subset of the database.

In Time Domain Composition each GPU renders the next successive frame. A
major disadvantage of this method is in having each GPU rendering an entire

frame. Thus, the speed at which each frame is rendered is limited to the
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Screen Space Composition applications have a similar problem in the
processing of large data sets, since each GPU must examine the entire data
base to determine which graphic elements fall within its part of the screen.
The system latency in this case is equivalent to the time required for

rendering a single frame by a single GPU.

The Scene Compsition methods, to which the present invention relates,
excludes the aforementioned latency problems, the requirement of
maintaining multiple copies of data sets, and of the problems involved in

handling the entire database by each GPU.
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Scene Composition (e.g. object based decomposition) methods are based on
the distribution of data subsets among multiple GPUs. The data subsets are
rendered in the GPU pipeline, and converted to Frame Buffer (FB) of
fragments (sub-image pixels). The multiple FB’s sub-images have to be
merged to generate the final image to be displayed. As shown in Fig. 1, for
each pixel in the X/Y plane of the final image there are various possible
values corresponding to different image depths presented by the FBs' sub-

images.

Each GPU produces at most one pixel 12 at each screen’s (X/Y) coordinate.
This composed pixel 12 is a result of the removal of hidden surfaces and the
shading and color blending needed for effectuating transparency. Each of the

pixels 12 generated by the GPUs holds a different depth measure (Z-value),
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conposition structures is %ZR) maki ng the
collating case, the time needed to accom ish comparlson between two depth
measures at each such comparator (MX) is logsZ, where Z is the depth
domain of the scene. E.g. for typical depth buffers with 24 bits per pixel, the

comparison between two Z-buffers is typically performed in 24 time clocks.

Since in the prior art techniques the merging of only two Z-buffers is allowed
at a time, composition of multiple rasters is made in a hierarchical fashion.
The complexity of these composition structures is O(log.R), making the
perforﬁlance highly effected by R, the number of graphic pipelines. For
growing values of K the compositing time exceeds the allocated time slot for
real time animation. In practical applications, this condition serves to limit

the number of GPUs that are used in a system. Fig. 2B shows the theoretical
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comput ation_effort for rendering the sub-img
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im % n the block diagramof Fig. 3A and the
%‘1% §"¢8de shown in Fi g. 3B. In the system
illustrated in Fig. 3A, 2 conpositors (CPUs, po and
pi) are operating concurrently on the sane sub-inmages,
which are generated by 3 renderers (GPUs, Bo, Bl, and
Thezmostriedficienp imnlementasen anongi the saftisearpetechmigues is the

achp f or m. conposi ti on of ne hal f-of t ”
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dis@lfib@:eldsn%%oﬁaﬁrchltectures). In this method the computation effort for

rendering the sub-images is increased by utilizing additional GPUs

(renderers), as shown in the block diagram of Fig. 3A and the pseudo code
shown in Fig. 3B. In the system illustrated in Fig. 3A, 2 compositors (CPUs,
po and p1) are operating concurrently on the same sub-images, which are
generated by 3 renderers (GPUs, Bo, B1, and Bj). The computaition task
distributed between the CPUs, each performing composition of one half of the
same image. It is well-known that for any given number of GPUs one can

speed up the compositing by increasing the number of parallel compositors.

However, increased number of renderers slows down the performance
severely. The complexity of this method is O(N*R/P) where N is the number
of pixels in a raster (image), R is the number of GPUs, and P is the number of

compositing units (CPUs, P;). The compositing process in this technique is
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image.

It is a further object of the present invention to provide a method and system
which substantially reduce the amount of time requires for composing sub-

image data into a single image.

It is a still another object of the present invention to provide a method and
apparatus for concurrently composing large amounts of sub-image data into a
single image that can be implemented efficiently as a semiconductor based

device.

It is a still further object of the present invention to provide a method and
apparatus for composing sub-image data based on presenting a competition

between the multiple sources of the sub-image data.
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numerical size in comparison with the numerical value of the other Segments
of the same level of significance. In a second step, starting from the second
set of Segments Z® zM2 70D the Grades of the Segments of the
Numbers which corresponds to the group are compared, and Number
indications are removed from the group if their Grade is less than the highest
Grade which corresponds to another Number indication in the group. The

second step is repeated until the last set of Segments z©® zV . z0 ig

reached or until a single Number is designated by the group.

Optionally, the Numbers are the depth values of pixels of multiple threé-

dimensional raster images.
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for compositing a plurality of three-dimensional Sub-Images by examining

the Depth values Z1, Z2,..., Zgr, of the Pixels corresponding to same spatial
location in each Sub-Image and compositing the content of the Pixel having
the greatest Depth value. The Depth values are divided into two or more

binary Segments Zf.N '”,Zj(.N “2),...,Z§.°), where the bit length of the Segments is

determined according to their level of significance and where sets of the

Segments are arranged according to their level of significance wherein the

first set of Segments ZJ(.N"”,Z}N“‘),.,.,Zf.N"I) includes the Most Significant
Segments of the Depth values and the last set of Segments Z§°),Z§°),...,Zj(.°)

includes the Least Significant Segments of the Depth values. In a first step,
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having the same level
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designating the Depth values which the numerical value of their Most
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Siggtifedi®isBegmetdetietht gedateatds defdrati@eds aadad Gatadd isfedmaluated

the Least Significant Segnments indicating their o
forniher Least SYignifisant Segprantsomdirafing hshergmaumeeyical size "in

corfFhfe b B Mo PEATRS et DESEER PN o Bl some tovl
of SReoRche! 18fa %%g&ﬁi‘ts%p,zét@rﬁhgeﬁgﬁi' the sechM k8t dffBegments
G ades of the Segnents of the pt h-val ues which

Koz Y :
A EEhanay ™ o RERN 0 SEMBRLEyT A FHEH Mgl G

i ndi cati ons atre

corrSsgod®ls td13Ret HiRup ARE donipgAda, WHAC ek Bl VERRONESIchBons are
anot her Depth values in the group. The second step is
remeysshiroth the igrowmel their Geadeots 18egvbanghe highee) Grade which

ZR~~ i.s reach or_ung.i | single Depth values is .
corfiegioptiat L SRPIAE BFBHD. VAHES ddt doei B THE greester is
nunber may further conprise CO@marZ}(d)g Z(ohe Dept h _
repeatek sinfilt thealashrees il Segratwies dhd “Carf PyRngs ggached or until a

._detgctj.on . of .the greatest nunber only with the Depth
singlfy DB Rebies in A 2afo by 4R 2860 "or bel ow t he
threshold value. A simlar detection may be carried
out for determning the smallest nunber, by
Theelstgniam ofjtHey gteadegr oupbehendde fitthen comprisei @mpdeng
val u

mer.i c of, their st Significant Segnent i.s
the?ﬁ@pmgi%twﬁ& thlﬁéﬁﬁép‘?gﬁue a?m&ie%arawggw&t%q etgedon

h . . .

of e st b0 Y REHRAP LR valtes i RiBckvalue 4o

ab@rRMidloMuioehresktlg al@h in said group. In another
preferred enbodi nent of the invention, all the

segnents are of the sane bit length. Aternatively,

A sti?n%lat%l (ttletle%&g}lhm%gr N Gattied Out for determining the smallest

number, by designating by the group the Dépth values which the
numerical value of their Mdst Significant Segment is the smallest and
the Depth values designations are removed from the group whenever
their Grade is greater than the smallest Grade which corresponds to

another Number indication in said group.

In another preferred embodiment of the invention, all the segments
are of the same bit length. Alternatively, the bit length of one or more
of the Least Significant Segments is greater than the bit length of the
Most Significant Segment.

The invention may be implemented on a single integrated circuit chip, for

instance, it may be a VLSI implementation.



of the Least Significant Segnents is greater than the
bit length of the Mst Significant Segnent. The
WO navgriesn may be i npl enmented on a singl e i nt eBCEIIR2004/000079
circuit chip, for instance, it my be a VLSI
i npl ementation. WO 2004/ 070652 PCT/|L2004/000079 - 10
Brief Description of the Dr? pings In the draw ngs: -
Fig. 1 is a block diagramillustrating the merging of
Braeﬁ)Desahﬂgonfofslﬂib]]rummédata into a single imge; -
Fig. 2A/is a block diagramillustrating the prior art
InW%ﬂﬁ?W?ﬂ&?al conpositing nethod; - Fig. 2B

ra ustr S. Ilel t of ¢

O P SRl PR B RRERIE LT 2 Rl o -
3B iAgtei@at Mt@@ksﬂgmh?dgeand a pseudo-code show ng

the Shared Menory Conpositing nethods of the prior

art Fig. BAgis 4 @d@q&hldc@gﬂa}nl llugtrating sthehriver Aot dfHiecarchical
of Shared I\/lem)ré) Conposition nethods of the prior
ar t compegiginggethod; ) oo g agram exenpl ifying a
pre n L0
bl OE‘% dﬁ &?Qﬁ]ﬁfylaﬂgsltﬂrﬁa%ﬁaﬁ;g dgrgglrgrg J!noﬁmsltaﬂ: il of HieSafthical
acceympogtihg perfemawwention; - Fig. 7Ais a bI ock
di agr am denonstrating the pr|n0| ple of the Wred- AND
funfigsesorndndBiingkie; ahlock diagraps and g nreyer-code showing
di agr il rati the.r|n0| Ie of

conts Pt etRins! CarbiorbinsepePhsuspir oo A | oo
dl apfamyi braysilically MLatPitel ethe heaiadh iRNfo8hafed Memory
Assocl ative Unit

Composition methods of the prior art;

Fig. 5 is a block diagram exemplifying a preferred embodiment of the
mmvention;
Fig. 6. is a block diagram illustrating a promotion system according to
the invention;

- Fig. TA is a block diagram demonstrating the principle of the Wired-
AND function of the invention;

- Fig. 7B is a block diagram illustrating the principle of wired-AND
competition of N binary numbers;
Fig. 8 is a block diagram illustrating a preferred embodiment of an
Associative Unit;

- Fig. 9 is a block diagram schematically illustrating the logic of a
Primary Segment;

- Pig. 10 is a block diagram schematically illustrating the logic of a Non-
Primary Segment.

- DPig. 11 is a block diagram schematically illustrating a reduced
Promotion Matrix;

- Fig. 12 exemplifies a competition process of 5 depth values;

- Fig. 13 is a block diagram i]lustratiﬁg a chip implementation of a

preferred embodiment of the invention.



- Fig. 9 is a block diagramschematically illustrating
the logic of a Primary Segnent; - Fig. 10 is a bl ock
walzagnassschematically illustrating the | ogi c BET/EL2BNGO0079
Primary Segnent. - Fig. 11 is a block diagram
schematically illustrating a reduced Pronotion
Matrix; - Fig. 12 exenplifiep a conpetition process of
5 depth values; Fig. 13 is a block diagram
illustrating a chip inplementation of a preferred
enbodl rrent of the [ nvent| on._ O 2004/ 070652
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two dinensional imge in an associ ative fashion.
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I's acc performng an autono
for aks elisast yﬁeiﬂe@tlse oiewrro Thistafk Bankopiplshed by performing an
si mul t aneous| ¥ for all pixels at a given raster
auteBeRUsASOBALIYE] d4CHing nmetasmteea@ls@eqebtalw tnaogsly for all

ool D RG] ARG Bt AR Rve Te

(ATNVEN FeBl evele R aiddiehy Rad %ﬁﬁi&lﬁ&ﬁ ro@asn 8fis th@putted for
prior art methods, which are generally based on

vietvieg.albhi p@lsenbnbwmnwmmvercomemghe ihadegiietd ngerHead of the

i nci pl.e, .the esent |nv tion pre ents
Pﬂ@o ot R rehlanerenpeprially R yexparhieab emgination of
A ces. The hi ghest depth val ue shoul d be
e#g?kgﬁéﬁ'by utilizing multiple AUs. Each AU
conti nuously exam nes the |ocal depth val ue agai nst

the ot her_ values that are presented, and
In principle, the present invention presents a competition for the highest

depth (Z2) value among multiple sources. The highest depth value should be
“determined by utilizing multiple AUs. Each AU continuously examines the
local depth value against the other values that are presented, and
autonomously decides whether to quit the competition against other AUs or
to further compete. In contrast to the conventional sorting methods, which
are of sequential nature, according to the present'invention a decentralized
process can be performed in parallel, which substantiaﬂy speeds up the
composition performance. Additional advantages of the present invention are:
(1) it can be performed on numbers of any length; and (ii) it suits any number

of sources, without diminishing the performance.

Fig. 5 provides a general illustration of the composing mechanism of the
invention. The Composition System 51 of the invention is fed with the sub-
image data provided by the graphics pipelines (FB;, j=1, 2, 3,..., E). At the
Composition System 51 the sub-image’s datum (7, P)) is provided to a set of R



aut ononousl y deci des whether to quit the conpetition
agai nst other AUs or to further conpete. In contrast

WO eoolorossonvent i onal sorting methods, which aPer/at2004/000079
sequential nature, according to the present invention
a decentralized process can be perforned in parallel,
which substantially speeds yp the conposition
performance. Additional advantages of the present

corkégp@ﬁﬂhx@gﬂAaE@(Auﬂ i])=1i P, 8an, By, el of whithofs cupudes of @hndling
any length; and (il it suits any nunber _ of sources,
image pizels ai Hixmsw t erorgimate ofihe ecrerbg Eaghmonwadig datum
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S ge data provided by the
Valg?é% p| pe r%lediba( —1 2, 3,..., R). At the

Corrp05| tion Syst em 51 the sub-i mage's datum (Z1, P,)
[ rovided to a set of R WD 2004/070652
ThecZrvalpenspgoopreeived by tb@r A&momi ngltms%uqe;lu on jthe Depth

of V\:h bl handl|
Cofpgition: BupuDAEE MRR kel vale, 5T RRR A CBOAERE: siked by the
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color, transparency, also referred to as RGB- val ue
useldetcgem)learw:ithe@tehPmématmanlatﬁceéF HBMD- 53l wedet@rmine whether
recei.v

y.the an troduced on the Depth
th dt .la.ghsﬁstA ‘&:BS* ’91% Qemégqrb SPGB BfcoppRptiRgdatum is

Ui .

ot AR 2, VAR B O A o

coﬂf?ﬁé&ﬁ kvivh ofhéh A TR enahe ADCEBARIhaRS, (IRMATD holding the closest
ete

rmne whet her t.heé hol d the hi ghest Z-value. The
plxelbénes; brgm@h devaluey ina owpétmrrgaaﬁdﬂl@mmsl’s celor i dReH-value)

Ioc bas n an.associ ati_ye mechani sm
to hRcRA) Fabe i E B TR it L ABR SRR e PBee. Fi nal 1y
the AU hoI di ng the cl osest pi xel (i.e., highest

Z-value) is allowed to pass the pixel's color P,
Thé REBtlalaigpositiont Bas {(DGH) aralsitestund intdiligénidy mfepiay(staswued-
the final imge 55. The DeJcoth Composi tion Bus

ANS} lagie.caq @hcém G| qlerg@mhr? afeist Bigs. 4 AvppddB. A’N@ f\agqthonahty
of %%n%&?gnnﬁw glcm? 83 rs?r}u I’co tﬁe gﬁnctlonaahn’gf dBhe r%egular logical

AND function. However, the Wired-AND function introduces numerous
oufputs on a single electric point, wherein the fegular logical AND gate must
output its signal to another gate, which is isolated from any other output. As
demonstrated in Fig. 7A, a logical “0” state on any one of the inputs forces a

~ logical “0” state on the output line.

The comparison process on the DCB is carried out in a bit-significance
successive manner. As shown in Fig. 7B, each Z-value (71, Zs, Zs,..., ZR)
provided via the graphic pipeline (FB)) is fed into the respective AU (AUj).
The lines of the DCB are used for outputting the wired-AND results of each
segment of the N-binary Z-values (z¥, i=0, 1, 2,..., N), according to their

level of significance. In this way the DCB® lines are used as outputs of the |



of the wired-AND logic 70 is simlar to the

functionality of the regular |ogical AND function.
wolwaweres2 t he Wred- AND ' function introduces nPOEIRIEH000079

outputs on a single electric point, wherein the

regul ar 1 ogical AND gate nust output its signal to

anot her gate, which is isalaged fromany other output.

As denonstrated in Fig. 7A, a logical "0" state on
wiredyADhE logict dterriedpott drothesLaast| Bignedarito Segtmam ﬁJISS also

the output line. The conpari son process on()
refered todao goninyiwapy segigit! o€ dhe et-valnesecs \)eandrffhérDCBW b
. As shown in Fig. 7B, each Z-value (Zi, ZZ Z3,..., ZR
hnepﬂ Aredadedi fort hatpwtpts cthei paredrés PBicyriied f ewt jmt ghe Most

iR et S, AP Ta0 R TolTitsT Sesai) of the Z-

m—l) f the N-binary Z-val ues (Zz( © i=0, 1, 2,...,
val%?g'@c(:o ‘"ding to their |level of significance. In this
way the DCB() lines are used as outputs of the WO
2004/ 070652 PCT/1L2004/ 000079 - 13 wired-AND | ogic

Thé abﬁlbgglseﬂtpr@eeéshg ch8a8Y Rt §Riahi &@@&e(ﬁeﬁmaﬁ éth@ﬁng from the
also” referred to as non-primary segnent) of the

mogh vighigear(tAfity pi thend-iadiveHEBRAN 1y ﬁriahzed arihedsest fignificant
out prxfe ng.the red- AND carried o t
|
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bitsiofipei £3AtvaSe 901(198@ 105) BT geﬂ&% opfut the Most
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conpari son pro €SS IS Frried out I'n an or

pro&:@@lawm@ttakbé g chhgamt emeN®S o) g1, fWE@fét |PA |t $s @he depth
the Z-values, and it is finalized at the |east

domhgmiof ithandcenb] t.8. dhe thie 1&ngidl véshe TharataepeCohdeamently, the
starts when the AUs output the Mdst Significant Bit
mu(lmysf@ﬁetmuafplrﬁo@ﬁ the rréﬂcaf apeppatheds, Theeplacadi by apingle

ste§l §ieaP LB B ¥R FERTNR SERERA hrbhiiEnd T Bertgfiance
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mul tipl e-stage structure of the prior art nethods,
redrepd dgethehyethal ofhe prebageimeacdioa toagO{loghAr et hod of

the present invention. The performance conplexity of

O log2Z * 10g2N) of the prior art nethods is

significantly
In the comparison of the of the MSS bits Zﬁ”’l), placing a single logical “0”
state, or any number of them, on the DCB lines DCB®W-D, forces a “0” logical
state on said lines. AUs which placed a “1” logical state on a DCB line, and
sensed a resulting “0” logical state on said line, terminates their competition
for their current Z-value, otherwise the AUs are permitted to continue their

competition to the next successive bit (less in significance), as exemplified in

Table 1.

Table 1: comparison of the MSS bits Zf.N s

Forced value | State of DCB line Decision

114 1” “0” “Stop”
¢« 1)7 «© 1)7 “Continue”
“O” “O” “Continue”

“0)) « 1” “Continue”




reduced by the nmethod of the present invention to
0(1092Z) In the conparison of the of the MSS bits
WQ@EBiN4/0y065p] aci ng a single logical "0" state, BCT/HEIRY04/000079
nunber of them on-the DCB |ines DCB(N-1), forces a
"0" logical state on said |ines. AUs which placed a
"1" logical state on a DCB hine, and sensed a
resulting "0" logical state on said |line, termnates
their conpetition for their current Z-val ue,
otherwi se the AUs are pernmitted to continue their
conpetition to the next successive bit (less in
Conifi | T
It SHA0LHE A068) BRI Sl o ke b oA § dirgaly ot

fea@fblE)Cﬁnlce e Eﬁeﬁdlﬁg@lﬁ a logical 0"0” ‘stitemn a "DCB line must force this
“Contj nue" " "0" "Continue" "O0" "1" "Continue" WO

11112@@@/19%@@1520@41736; L2004/ 000079 - 14 1t should be
noted that the | ast case shown in Table 1 above is
actually not feasible, since the forcing of a |ogical

The Odeélél%he a8NyR kR hbt NheMBLa kRl 68ghPi B cbﬁﬁﬁu& Occﬁnpetmg is
| ogical "0" state. The decision as to whether

estbliahert byuglch AU Igosdrising the lhq@talrsjats of gsd BNJB s‘allmed Phe last
each AU_by sensi gtheloglc state of the DCB |ines.
SUIRELE WU | theoreyeprrisen. logiredf the AUs

1de%@ﬁie1% g]ﬂetsl‘of Vja?tgé 811%1 tb'?l% ﬁg& tal Eg$its%1f%;g?zﬁ e%zﬂpemtlon

bus; Tt etac Sel

OtBoRPpigt iit kedps céﬂnb@ﬁﬂ%iﬁltﬂt theefilsie Gefehin¥on Rhb Ibush8 the one
val ue remai nin the bus is the one wth the

withi gieebighgsy &hvadueFig. 8 is a bl ock diagram
iIIustrating the AU operation. The Kith Z -val ue
ZN-1)' ZN—212~)) is wired to the DCB via a set of

3 38, s ] e, R Ly TR e

(Z00, z0= L, Z0) s ered to the DCB via a set of gates (90, shown in Fig.

9), and the pixel value Pg is gated through to the merged FB 50 via gate 84.
The Associative Logic 80 enables the Wired-AND functioning, controls the
unit's competition, and allows the RGB-value Px to pass through to FB 50
utilizing an enabling indication 81, upon accepting winning acknowledge 86

(Wk) from one of the PM 53.

The AU generates a Stop Mark (SM) vector 85 SM, :(SM © smW, . SM ,EN"Z))
which is generated by the Associative Logic 80 for the L.SSs of the Z-value
(Z9, i=0, 1, 2,..., N-2) and provided thereafter to the PM 53. A Carry-Out
indication (C,(;V )y is also produced by the AUk which indicates whether the

MSS (Z%) of the Z-value Z; won the first stage of the competition.

It should be noted that the associative logic 80 may be designed to extend the
competition functionality of the AU in various ways. For instance, the inverse

of the incoming Z-value may be used (in all AUs) for the competition, and in



The Associ ative Logic 80 enables the Wred- AND

functioning, controls the wunit's conpetition, and
wa@bkdoamzosshe RGEB-val ue Px to pass through to FBPGDIL2004/000079

utilizing an enabling indication 81, upon accepting

wi nni ng acknow edge 86 (Wk) from one of the PM 53.

The AU generates a Stop Marks(SM vector 85 SMW

(S.Aslk), SW'), , S MKN2)) which is generated by
sudbheasasthectanpetatibndietwaen ftoe Alle wilSse perfonmed ow dheibasis of

2,..., '"W-v) and provided thereafter to the PM53. A
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congpétitien F dilyehobd A-vhRsawhad akd t@ehiR@ithad) oty HRer-than,
esigned to extend the conpetition functionality of

thet theeglwldrvalaei ous ways. For instance, the inverse of
the incom ng Z-value may be used (in all AUs) for the
conpetition, and in WO 2004/ 070652 PCT/1L2004/ 000079 ‘
- h e e _q;’g@git'.o bet e; |
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Zdepr®-val up® Abbh&icnite ey sopeeiByZ PreheldsttheMVI®BR, and the
Y pZZ—vaI ue i nputs of t%\g XUS gﬁthres’hol d value, and in

on
. | e | .
0 %Qg vy A© £hablife 1B &Pzpﬁgh%kgﬁﬁ%@@ a%sﬁﬁ%f‘:&ztbﬁtes long

al ues Which are greater-t or s l'er-t
threshol d val ue. At.t.he,l ocal AU each Z-value Zuis ©)
Ziglf e Paftel e tSiastls ilngs EdRele 0% AN ZD e Bnd 2,
the (NN1)th segnent ZEN-') bol.ds the Bs, and the
whety t%%@éﬁ%ﬁpazszcyn%ﬁa@epﬁ%?Z%gsa# Zf%BF:Eﬁ' e%&aéplp@ long and
| et assunme a 32 bits long Z-value nunber, processed ‘
the thigd segmemt (4 ) ds 16Nkiss low@)In #yg firstapehge ¢f he competition
where the first and second segnents (Z(') and Z(1))
onape reachpfelbnim tyowineard archdeteniniged egemming Zo 2hp)MSS (the
16 bits |ong. Inthefirsé) stage of the cogetition .
firshneecameninred e vlnas 4 niets 2ar-e BetadrdhiSierrMarks grading
according to the MSS (the first segnent) of the
(SN abwls 1( 242), §-21,e.8,. SM"Randanth St dor MMHGS T adiatgished
(SM'), i=0, 1, 2,..., N2, e.g., SM) and SM1) for
acchiedng i dst adthpetitidn between all the other segments (LLSSs) of the Z-

values (Z, i=0, 1, 2,..., N-2, e.g., Z and Z{" for N=3). In the next step of
the competition the Stop-Marks grading sp¥-» (e.g., Sm{), which were
established for the second segment (Z"?, e.g., Z{"), that corresponds to the

Z-values which won the first stage, are examined to determine which of those
Z-values continues to compete. The same process is carried out with the Stop-

Marks grading established for the next segments (SMY, i=0, 1, 2,..., N-3,
e.g., SM}‘” for N=3), until the highest Z-value is determined according to the

results of the last segment (the LSS, 7).

Each AU processes all the segments (Z{, i=0, 1,...,N-1) in parallel. The AUs

controls the entire Z-value numbers, according to the segmentation used from



according to the conpetition between all the other
segnents (LSSs) of the Z- values (zf, i=0, 1, 2,...,
woR®4/0e0682, Zf2) and Zf1l) for N=3). In the nexPCHIEN04f00079
the competition the Stop-Marks grading SMN-2) (e.g.,
SMK>), which were established for the second segnent
(z("-"), e.g., Z"), that coggesponds to the Z -values
whi ch won the first stage, are exami ned to determ ne
MShise i.SB. WhkketheZAUhlagés laterthe fires stgmeatief'e’ tdhkempete and
same process is carried out wwth the Stop- ‘Mar ks

sulgh&ditggCastyadhis s ped f gy PMI@-heKig. sggriertes (Béldecdnd segment
i=0, 1, 2,..., 1IN3, =e.g., SM) for N 3), until the
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results of the | ast segnment (the LSS Z(')), Each
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para The AUs controls e entire

(RSC ing to the segnentation used from WO
SM%OM%EMB g@?’/ | L2004/ 000079 - 16 WMsB to LSB. Wile
the AU Ioglc lets the first segnent Z)N-1) to conpete
and submt its Carry-Qut C(N-1) to PMN1) (Fig. 6),
Theé tsebplenttibagtie ¢orHoseay be vhtindizé Nhe) comepeidtipatierfngiance. For
submt its Stop-Marks SMN-2) to PMN-1). Sinmlarly
. exarhple, tfhi (3@ bdgniong Zyvl®)s, girocersed- Xra Puse groempist e%(z)ana(l) and
submt Stop-Marks grading SMN3) to PMN 2), etc
ZThet Seqyreant 16 igy Fespeciinelypohd SM petivre dot bige second segments
conpetltl on performance. For exanple, for 32 bits

s (@r&nzbé/?lrél}%edpﬁrﬁﬂesa@dﬁm s3gBRATEATS is fhddessed aﬂd the SM
nd Zoo 8, 8, and 16 bits respéctively, the S

Vec\if@fst 365 Y thhl SERo nﬂ)n%@ Qééneﬁ’M é@@a'ﬁaﬁe bl %Qﬁ&?x‘}enﬂy

le the first segnent I'S proc and the SM
r ) )
oL i gﬁt R L
previdis %%Sr@cﬁula{@ﬁzﬁlbr t he tvvo previ ous segnents,
Z(2) and Z(') 7 This process is illustrated in Fig. 6.

Nuneral s 61-64 schematically designates the
i ndi cati ons generated by the AUs according to the
Thsegroeedsatsi idmstfated en Zigval Nemeralet b-6dr sheiniatidllys@esignates

theslgrd\ll(lzar’]tgorishgeellfe?‘g%ec? Lyttplg ng \s/ %lcgoer%hng %o the segme}ltatlon of the Z-
values. There are N-1 PMs 53 serving the LSSs of the Z-values (ZJ(.’), 1=0, 1,
2,..., N-2). The PMs 53 generates the Carry-Out vectors ct
(cW-2 c-3)  cWy which are determined according to the respective Stop-
Mark vectors S =(SM1(i),SA/[§i),...,SM f{)) generated by the AUs for the

corresponding (ith) segment, and the Carry-Out vectors CcY which was
produced by the PMGD in the previous stage. Additional signals generated by
the PMs is (a) the winning indication Wj, which designated the wining Z-
values in each stage of the competition, and (b) and “stop competition” signal,
that is generated once a single winner is determined which prevents

subsequent matrices from carrying on their competition .



2,..., NN2). The PMs 53 generates the Carry-Qut

vectors, C(') (C(N2), C(N3) , C(')) which are
waledaognnicied according to the respective Stop- RMAT/KL2004/000079

vectors SM') _ (SM"'), SAd(),..., SM(i)) generated

by the ACTS for the corresponding (ith) segnent, and

the Carry-Qut vectors C('-'J7which was produced by

the PMi-1) in the previous stage. Additional signals
ThgehBisal@de Hpr demeriibgi the( &arthandicaniong fardtloatfireth segment

NV\1§, whi ch designated the wining Z- values in each )
Z9st adg ot , A, cofipgb)i of de Zamduenjs srevngndpig. 9. To exploit the

conpetition"” signal, that is generated once a single
WirddrAND i fandtivnalin ébe inversepsiade mfseachubitetfusmtroduced to the

matrices fromcarryin n their conpetitfion . WO . g
DO 7estheplomsalobeviBosates 90 Bt epsb srinedghis 2017 a
for generating the Carry indications for the first
logwad ﬁg‘?q'gatqﬁﬂpa)lsed (@ deteymimglyf theZ-walhie) cogftinygs to compete

. Z-values is shown,in Fig. 9. To exploit th W r ed- AND
in (RHRETONAITYS. Lhe’ RAVEFDAE & S SRRl pf thes esbective DOB
. introduced to the DCB lines via the |ogical NAND -

lingy ek the logigal state el ahe weanbned BitNZ L) a BEachgbdastagr Z),
gate 92 is used for determining if the Z-val ue

contools itheemxt bitsimget 871 wid tiee Togi¢al AND gaiels 32: Tad Carry-Out
according to the logical state of the respective DCB

indidaRred Phe Jopirstld Silgti€ allfn bitestexassneeivhll tthé vokapbkition.
. Each bit stage Z~ k-' controls the next bit stage

Th@b(ﬁﬁirbdﬂ A difRidPH pebviAPt§3he PN mnliaidxy MMbix shown

-1)
Indication C(r'-1) is generated only if all 71 bit

in Bigageanduinvihved ayhenabdephitnthéocompdtitiofarrthe @ivalue Z; in the
indication is provided to the PMN1) Pronotion MatriXx
ne@@@ierdth Fig. 6, and in this way enables further
conpetition of the Z-value ZJ in the next segment.
Si mul t aneously, while the AUs exam ne the first

5 SPRES 5L, G BB b B
YRS 45 267 55 ATSE, 1 SSEaBL l AND bie
HoBRef atdder Sripritan & ekt SLEaMAR si AR Sy - M2
sigxslja sngxl'e ,ci;esnefrg’ze ,riggt%agioof the Carry-Out C{"™ indications which were

generated for the first segment. Each Stop-Mark SMﬁ.i) signal is forwarded to

the respective PM® Promotion Matrix as part of Stop-Mark vector SM 0,

A Stop-Mark SMﬁ.i) indicates the “weak” bit of the respective segment Z¥
that potentially drops-out the entire Z-value Z; from the competition. The
logic for generating the SM signals for the LSSs (SMf.i), =0, 1, 2,..., N-2) is

shown in Fig. 10. In principal, this logic is similar to the logic used for the

generation of the Carry-Out vector ~-1). However, it differs in that each bit

stage can generate a Stop—Mérk signal, “stop 1” - “stop (n+1)”, via inverters

99. For each LSSs segment (Z\, i=0, 1, 2,..., N-2) only one Stop-Mark signal



the respective PMi) Pronotion Matrix as part of

St op-Mark vector SM). A Stop-Mark SHY) indicates the
woOemal'7o6bz t of the respective segnent Z(') theCT/IL2004/000079

potentially drops-out the entire Z-value Z fromthe

conpetition. The logic for generating the SM signals

for the LSSs (SM-'), i=0, .1382,..., N-2) is shown in

Fig. 10. In principal, this ?ogic is simlar to the
SMPgis desesatedr TH@ h%fh et aidseiblef StaeMealls Wi il Verpon+1)’

&(N-1). However, ffers in that each bit stage
indéte S CHIRHtAL Re aeﬁrﬁﬁxe'&mslé SlegiBallid "itOBail "ir arst AF its wiring

(n+l)", via inverters 6 For each LSSs segnent (Z(O,
comp@risdns.2, ..., N-2) only one Stop-Mrk signal WO

2004/ 070652 PCT/ L2004/ 000079 - 18 SM ") is

generated. The hi ghest possible Stop-Mark signal "stop

Thég él)sl f tgg%‘% 1VE Iﬁ%tztlgees ﬁ?ﬁ?ﬁe 8}%%{}?{/11% ?V%C%OtL?M ) and

I'ng conp
e ERH %%ﬁémg?at Fy °eS9u32%eLf L5 LR e
oo el B e i S e a0

rvived etltlons far are. participating.
Wh}q?sﬁu%wg?%gﬁ@ Daltian padariarepudinkating: 1 pist o single AU
sufglﬁ%e it é)gh ggﬁggtﬂ%&%‘fgﬁ?o%‘ééﬁﬁh %’mﬂ{ %gﬁlggﬁlglon process.
Othéaskse Whé mex8 PSI (BME- W) por€irmd thd @iﬁle thkB, udfil hsidgle winner
bl ock diagramillustrating the logic of a PM(reduced

islelise). For the sake of sinplicity Fig. 11 illustrates
an ith PM(i.e., PMi)) serving two AUs (R—2)
wherein the ith segnent |s4b|tslong(|. -

Fig?thp%'\@rﬂ‘iﬁ/%k deMrah T "]llﬁé%?yg %12(1 of §M’Msh)edugé‘& Qa?é). For

2etors S sets on one o
thet bekdlo$ slﬁn@haitg‘ Tikl. 1]l\lollmt|retetshan vﬁhPM:R'l 210PMIYY det¥ing two
can_be in "ON' state in a row The Stop-Murk vector
AUsoflwR), cirbereinnfhagi't mpsssantons 4£-bitg )lopg feveid eyop-Marks,

fromthe previous PM (PMi+1)) will generate a, g
e §ACSITY),..., Sl ) orExch bf the SopsMrkotdvborsSS ¥, M SMY
in another row) with a higher
sets on one of the FFs 110 and 111. No more than one FF 110 and 111 can be

in “ON” state in a row. The Stop-Mark vector for which a winning indication

C¥* is received from the previous PM (PM@*D) will generate a Carry-Out if,

and only if there is no other Stop-Mark (in another row) with a higher
number and having a Carry-Out indicating winning in the previous PM

(PMGD),

The operation of previous columns in the PM is disabled via the Disable
Function 113 upon receipt of a corresponding indication from the logical AND
gates 117 gathered via the logical OR gate 119 of the column in which a Stop-
Mark indication having the highest level is received, and for which a
corresponding Carry-Out indication is received from the previous PM. If the

Stop-Marks received by the PM are of the same significance (e.g., Si; (’ and



nunber and having a Carry-Qut indicating winning in
the previous PM (PMi +1)) The operation of previous
we@oluomsstn the PMis disabled via the D sabl ePCT/IL2004/000079
Function 113 upon receipt of a corresponding
indication fromthe |ogical AND gates 117 gathered
via the logical OR gate 119%®f. the colum in which a
St op- Mark indication having the highest |evel is
Saiey ab yad.Oab ehdiestivkd TP and Qi respnodidd farie/néxt PM (PMO)
i'ndication is received fromthe previous PM If the
via PhSrrManks received by the PMare of the sane
significance (e.g., SML') and WD 2004/ 070652
PCT/ 1 L2004/ 000079 - 19 SM' ), Carry-CQut indications

C, ") and . C, ") ,are provided to the next PM (P ia
Onif pndrenpins 5iz8Ab CoR i PEPARCES. 157 gRa ot shir TR, Whehever
r odu .by. one of the .PMs. \Wienever tectaon 11
DB e R0 Phat R NoP SO o PR RUAL 1 P current
r tm; 1S &b ti,o iB ; ; :
B 0P DALIET e, P TGt LoD BERE ic wa
JisRH1RCRIThEY pP¥celsBRi P ehet PRI BE¥he HA9tEME IPND-D. Whenever a

Wienever a Stop signal is received by the D sable
StobugighhDis {€eiived By dhe Disable Hunatibaseidhe Sttt it alisaiges the

of the current and the follow ng PMs by disabling the
fungtibamgl &7 thardrienti sl fedlSrioyy P batdisablieg ghe gates 117

Stop(')) to the Disable Function,of the follow ng PM
andby issamg @ Stas sofioagionnE:s. Ator Dt to she Rispblgrk rngiion of the

SM AU2 sets on stop-mark 2, SM2,2 , and that both
fOu@FIP%'PMdi cations, C +' > and CZ;+i > received fromthe

previ ous PMindicates winning in the previous stage of

the conpetition. In such case the Z-val ue conpeting

For BxAHbIN ASsurinsabh £5 ATHOL&HENSN JSt%PNMQrkh@, BAMEablAgT, sets on
Function 113, and generates the only Carry-Qut® C110.

stop= gﬁ} Qg{:i‘ﬂ/?% éaan%! ﬂ%tﬁqo%régfr%tmdi&ﬁ?dr&?té@g ﬁquwgig%gceived

nner curre Stage; resulls r1s’'generattn

W n,acknow edg igna "Y.via th ' . ry- Qut
sronf 1BET GPEoEE URNE LR R sk inliiRsl, 1R SRV iG] ¥agof the
cordpition. In such case the Z-value competing in AU; wins, disables

columns 1-3 via the Disable Function 113, and generates the only Carry-Out

C®. Detection of a single Carry-Out, indicating a single winner at the
current stage, results is generating a win acknowledge signal p() via the

Single Carry-Out detector 115 which is provided on the Wi line to AUi1. The
winning AU is then enabled to provide its RGB value Pk to FB 50.

If for instance AU; and AU: both turn on Stop-Mark 4, SMY), and Carry
indications C¢*" and C{*V indicates that both Z-values won in the previous
stage, then the two Carry-Outs C® and C{ transferred to the next PM

(PME+D) will indicate also wining in the current stage.



winning AU is then enabled to provide its RGB val ue PK
to FB 50. If for instance AUL and AU2 both turn on
wet@polssk 4, SM-, ;. , and Carry indications BUFIBE2004/000079
and CZi +1> indi cates that both Z-values won in the
previous stage, then the two Carry-Quts 00 and C
transferred to the next PMogPMi+")) will indicate
also wining in the current stage. WD 2004/ 070652
FigPQP bx0pLifesGhiédcomp@itiorigrocds® ek &nril Zivases HE1, Z2, Zs, Za,
con})etiti on process of R=5 Z-values (zi, Z2, Z3,. Z4,
andyg) pehonigang kg iMgs eothaoreh & knddidh esample the slepilampasure of

t th . of Z-~val ' f_ 32 bit -

the PEviISBe HovE: Beobir el ghentBt SRNGibe oetinipa Mo V=4
3) 0528 A t o} ' j I R :

i A Rl b s b e

o i  ed , ;>
R RAZILT s SRR B aReim hliotiop FEREEE @bnout
Proseaii®m Matridel) frot¥homte32 thge MbSs, Z23) , 233>, and

Z(3) are all equal and greater than Z;3) and Z43)

and therefore only the corresponding C23) , C3(3),

In 8% g scembnt 5 i omulonts BYGET 47 1200 S0 B ot an

sane tinme, the SMyvectors of the LSSs are produced by .
equal el gregter fihary ?@&%#&%@gﬁh@er@ onenenly. thy geigesponding
he MBBs of the Z2 nunbers are all_equal, A "Sto
i C§f/4 aad; q‘éﬁi @afréfdé% @@aﬁs re ggdpeed e andisatad, glﬁfh %kvalues
conpete since the_ state of its 7th bit is "0

"zl 2) =
Za, (B, A &5t Wendhgt arshrstage 4f fihe same fime,| the ﬁé/i vectors of the
-val ues,i n 4t.he,.se nt is "1" (ZZ = 23 ; = 27242; = 75
LS%S g_rlej pr%lucegtbggtlge.ﬁg%[ Is indicated for Z32, and it is
al so termnating further conpetition since the state
of its 8th bit is "0" (Z3 $) = 0), while the state of
As theth&tbedid sedmbhe of dhedsvihat, theior ME&Bpef itheé ofi® numbers
proceeds in this bit stage is "1" (Z=2Z-2Z-1). 2, g 4,8
are5§ncéq1§5gg@eﬂslczf¥>2 )7” SMPisOindibAded fordizfal n@dsitadées not further

produced for Z2) , and Z52) , since they won in
conBRB AREk ENSEYatlidf 183 a9ehikAs e (Z2 =0) while the state of the 7t
bit of all other Z-values in the segment is “1” (Z® =Z® =Z8 =7 =1): A
“Stop 8” SM is indicated for Z® and it is also terminating further
competition since the state of its 8t bit is “0” (Z{} =0), while the state of the
8th bit of the values that their competition proceeds in this bit stage is “1”
(ZR =20 =Z2 =1). Consequently, “Stop 9” SM is indications are produced

for Z\?, Z?, and Z{¥, since they won in each and every bit stage in the

segment. Accordingly, the processing of the SM® and C® vectors in PM®
will produce Carry-Out indications C¥ and C® to the next PM, PM®.

As for the third segment of the Z-values, a “Stop 2” SM is indicated for Z¥°,

which stops any further competing since Z=0 and Z¢=0 while



segnent. Accordingly, the processing of the SM2) and
0) vectors in PM2) wll produce Carry-Qut

wWo pauoaicsons C3) and C52? to the next PM PMI. PEAWIIE2004/000079
the third segnment of the Z-values, a "Stop 2" SMis
i ndi cated for Z3'~ which stops any further conpeting
since ZS' 2 = 0 and Z311 = _0Ogphile WO 2004/ 070652
PCT/ 1 L2004/ 000079 - 21 ZI M= Z212 = Z31z = 741z =1

Z,“; ai;f;i 73 ez Q'=15Mid “Studi 6aSdd #andzdted ZBr Zz,<‘>~ ZAd Z, and

, Since the values of their 6 MSBs are in

Z, (”9 A Ez!ﬁic'et Yhe ARQR681 JT9teir L WISMSO @88 Sinn@qahlithe A%%rdhngly, the
and C(2) vectors in PMI) will produce a singie Carry-

prdaégsmgdjf%te' Spf(lﬁ,an)d 5.5 tv@@tdrash Mo RMDproawsea BMglo Carry-

determned a single wnner, its detector

Ougendiatsm oty elspdasi PYL P @atSince \BM{D dbttﬁ“mlned a single
Wi nni ng AU, AU2, which enables its R& value P2 into
wie15 Oits Qinrixeetqmeﬂ]wygendrheesﬂas a&m‘xesﬁmmﬂnﬂgom@ﬂcaﬁb{z W2 to the

wm%%;@b.?nﬁ% T Ee meie e B YalvAd priedas iy Copotmently
] B PSR 4 AL ) g
Lndl cat £ ar TaSH ~=0wile ZI) = Z =
f“rﬁ‘gf ﬁ@g%ﬁ%@ﬁﬁ%@%@f;ﬁ% s indicat ed %or z§)> and
Z4), since ZI = 7(Zr Z3 Z4r =1 for r=2, 3, 4, 5,
and 6, Z3; = 0 and ZI = Z2; =1. Consequently,

The $tmpe$in§|\ﬂflthe| thglid: aemehbns Zﬁ;(t c)armd 8@t e eertBMiess,s SM©
i ndi cated for 40 si nce an ZIs =1. The

inddeatinny areopradues &aazrﬂx@eAU@rA &toxﬁ da s ds bydigategi foy ZRe since

SMresults of seg nents while all ments are kept

ZmioF wrhide Eﬁ}l’erﬂﬁ%Z@mﬁ retudtStep 7alﬂ%dws infliceted ifcnrgZ“” and
of results prior to the arrival of the Carry-Qut

Z% ngtineat Z8hs Z9 edft=hepe evbpus:2PId, 4TH,saed b, ozﬁh_ Z§°7’ =0 and
‘further feduces the conpl exity from 0(10g2/2),

70L(A094/ ) dse i1, kStbg & 99l diindidaa&d e Z@Q’Vand “Stop 9” SM

exafpl e, assum ng a sequential w r ed- AND

i« QPSP ighe 20 gyl 032 ncver

it eac Re second hal f of the
nunber is being "folded" at the tine of processing
the first half. As a result, the conplexity is

The competition time can be further reduced by merging the SM results of
segments, while all segments are kept uniform in length. Such reduction
allows clustering of results prior to the arrival of the Carry-Out indications
from the previous PM. This aﬁproach further reduces the complexity from
O(ogy72), to O((ogsZ)/k), while & is a folding facior. For example, assuming
7Z=232 a sequential wired-AND process would take complexity of O(32).
However, using 4 PMs of 8 bits each, the second half of the number is being
“folded” at the time of processing the first half. As a result, the complexity is
reduced to O(8+1+1). In this case the folding factor k is 32/10 = 3.2. In case of
longer numbers of e.g. 64 bits, the order of complexity is not significantly
changed: O(8+1+1+1). The advantage of this parallel approaéh is in that any
bit length of Z-value numbers can be processed at almost the same short

time, while keeping high efficiency.



reduced to 0(8+1+1). In this case the folding factor k

is 32/10 = 3.2. In case of |onger nunbers of e.g. 64
whaog/ 076682 or der of conplexity is not signifi cRET/2004/000079

changed: 0(8+1+1+1). The advantage of this parall el

approach is in that any bit Iength of Z-value nunbers

can be processed at al nost. bhe_ sanme short tine, while

keepi ng high efficiency. WD 2004/ 070652

PCT/ 1 L2004/ 000079 -22 Fig. 13 is a block diagram

illustrating a chip inplenmentation 140 of a preferred
Fignbd dismenblask dmamgﬁw tietig @ chip Syplempniagioanpid of a

idlustrates. an ipplenentatiop fo Lting 6
PO BRE B PP ER O CRUS OO bt SGRD At Poh eRRmBIS dugprates
an CAAPRSL 113G ifthy f@imKisTithE 20€PBE! ¥rog@ "PO&ifRGedt GPUs. This
plurality sub-inmages pixels by a plurality of
imflemdmagenUnidlet Si hmpeaiting Shiit fonpin gkksneowdy ciposing a

AUs di th b f _a 0GB,

phaﬁats%gﬂﬁﬁgg%%g%eﬁby gr@%@%ﬁ{x gf f\%ﬁl@a%m gftsggéw Each
| 1 s- i ok

ST -BRBAE, R e A ol nk Wb SR Sl bpYed DB,

PM hatd TBheid] Woghe 14E. Tho Cdhnbal €ngtf 14hat rasheIU y@ts-out, from

sub-image. Each SIU outputs_the RG data of one of
the deta ubpubegesamitettinved dutthet Pert-Portbpimmt peys, only those
.out put, port, 142. The entire c 0Si ting.procgess._is
pisgl Pl AP PR B8 QOB o e G NG dREhORHE T rpgS. Bach STU
5l ) o thé QLbamhdBRIKHIEY i§Gutputted to FB 50
Ou@e&s%(salt%%gﬁlgo Qfal(g)g?lgpi(?& pi xel s, gteéggh Sub-ll mlalg%u Uﬁi tO
via St oot @d48es a 64x64 sub-image (1/16 of the

image). If for exanple the pixels' color data is 24
bits long, the output of the stack of SIUs includes

Thérzc%%ﬂegg?&%f)ﬁ%ﬂg @go&i% ak Sfuci‘ﬁl{egf:] pgﬁlfelize@pﬁgil gi(ﬁﬂ% (each FB

ent 1'nven OWs car ng o

int®l NG &ubIBhEEEY FoePek@mpdd)y fornder idbgbPUHavihg afesolution of
described in Fig. 5. The hierarchical structure of

1024124 pixedst eaddt Bub-Trasgh &bt (EPUhosdcdses heb4ppésuhtimage
(/3 dher Bntdie I B Pt malic e, PRXGIS oo A3k B & ity dome, the
out AREHThb s¥Ecl 8f 516 i8MEHe ST 2RMRES 6F Whhing pixels color data.

Opposed to prior art, the present invention allows carrying out a single
merging step for any number of GPUs R, as described in Fig. 5. The
hierarchical structure of the prior art method has been replaced in the
present invention by a unique, flat, and single step structure. The
performance of this new structure is insensitive to the level of parallelism,
i.e., the number of participating GPUs. Composition time is practically
reduced to a single comparison and any arbitrary number of GPUs is allowed,

with no sacrifice to the overall performance.

The above examples and description have of course been provided only for the
purpose of illustration, and are not intended to limit the invention in any

way. As will be appreciated by the skilled person, the invention can be



i.e., the nunber of participating GPUs. Conposition
time is practically reduced to a single conparison
wane4amesar bi trary nunber of GPUs is all owed, P@IALR20M000079
sacrifice to the overall performance. The above
exanpl es and description have of course been provided
only for the purpose of ilbgstration, and are not
intended to limt the |nvent|on inany way. As wll
catriedappt éaiagedatyatibey skintdyed epeplopimg tdnﬂmmuwﬂuﬂﬁmrent from
can be WO 2004/ 070652 PCT/1L2004/ 000079 - carried
thasardespribed pbave it Faihpubrexaegding dhpIsspegl Fl&mﬂe@@@@
different from those described above, all w thout
exceedi ng the scope of the invention. WO 2004/ 070652
PCT/ 1 L2004/ 000079 - 24 CLAIM5S 1. A nethod for
detecting the greatest nunber froma plurality of
Nunbers Z1, Z2,..., ZR, conprising: a) dividing each
of said Nunbers into two or nore binary Segnents
ZJ N-1)2Z(N-2)) ,Z~), where the bit length of said
Segnents is determned according to their |evel of
signi ficance and where sets of said Segnents are
arranged according to their level of significance
wherein the first set of Segnments Z(N-1)' ZEN-O, ,
ZEN-1) includes the Most Significant Segnents of said
Nunbers and the |last set of Segnents Z(), Z(),..., Z()
i ncludes the Least Significant Segnents of said
Nunbers; b) sinultaneously conparing the nunmerica
val ues of the Segnents Z1K), Z2K),...| ZRK) having
the sane |level of Significance, determ ning a group
desi gnating the Nunbers which the nunerical val ue of
their Most Significant Segnent is the greatest, and
evaluating for the Least Significant Segnents a G ade
indicating their numerical size in conparison with
the nunerical value of the other Segnents of the sane



| evel of significance; c) starting fromthe second set
of Segnments Z;N-2),Z2N'2)~ ,ZRN-1)"' conparing the

w@ee@dm066f t he Segnments of the Nunbers which PCT/1L2004/000079

corresponds to said group, and renoving fromsaid
group any Nunber indication with a Gade that is |ess
than the hi ghest G ade whichgqcorresponds to anot her
Nunber indication in said group; d) repeating step c)
until the last set of SedrkAIMSY,),Zz2)5...,ZR) is

reached or until_a single Nunber is designated by sai
gt o ‘method ek HisdediRlr engretest nmbe? i A Pﬁgagty of

r et . .. val ues of pixels of nmultiple
Nut'}hu?%rg-%i’%ﬁé:i’o a?&gggflel}ga;i mages. 3. A method accor ding
t ogfl ai Mydsidfy 8 ot AR N @inBers HTB Ak Er hld@e bNMEESSgments
with a threshold value and carrying out the detection

@@N“f)hgjfvvb..zggn/ GHR66 ThPCTit | le2gEH/000d9SegmaBts is determined
greatest nunber only with the Nunbers which their

sedon@ingstoatimie 1orel lbésippifisanad dhd esthaledevabiieaiddSegdnents are
met hod according to claim1, for determ njng.the

amgnzedt asrondiae to Wheirelenel RE sigwilisanee qeheyein ibg fiwpt set of
i gnat e_dk whi h i cal val f
et g T oz ettt taf G S2pnitE Femmepts of

Nunbers desi gnations are renoved from oYl qn)gr oup . '
Nranbense ppdgheg dagts sety pb aregmeman 4 ﬂ@ jsmaf] edpcludes the

G ade_whi ch corresponds to_anot her Number indication

LaastaSignifieans. Sementseaiifedd Mwsbaitig to claim 1,

R h e ntanety SERTRar I CH S m B e TGy & the fegments
Learnre: 1o pe3E Phe RRS el DTS ierfBbind) Bho s 2 eow
AP S s Bl aatid W s o
Significant Segment is the greatest, and evaluating for the Least
Significant Segments a Grade indicating their numerical size in
comparison with the numerical value of the other Segments of the sfame
level of significance;

c) starting from the second set of Segments z¥2 zW-2  7W-1
comparing the Grades of the Segments of the Numbers which corresponds
to said group, and removing from said group any Number indication with a
Grade that is less than the highest Grade which corresponds to another
Number indication in said group;

d) repeating step c) until the last set of Segments Z{”,Z_,{"),.,.,z,?) is

reached or until a single Number is designated by said group.

2. A method according to claim 1, wherein the Numbers are the depth

values of pixels of multiple three-dimensional raster images.

3. A method according to claim 1, further comprising comparing the

Numbers with a threshold value and carrying out the detection of the



by exam ning the Depth values Zi, Z2,..., ZR of the

Pi xel s corresponding to sane spatial |ocation in each
wea4lonsge and conpositing the content of the PEI/K004/000079

havi ng the greatest Depth val ue, conprising: a)

di vidi ng each of said Depth values into two or nore

bi nary Segnents ZEN-1), Zl452), , Z(0) , where the

bit Iength of said Segnents is determ ned according
grefatedtheimnbeewaly ofitls the il umbace wanch wherrevalae ss abovaiost below

.Segnments_are arranged according to their |evel of
Saléitgms’rhoi%ﬁé Sherein the first set of Segnents

ZIN-1),Z (N1), ZJN-1) includes the Mdst Significant

Segnents of said Depth values and the |ast set of

Seanembshod QbcotdHg to 4(dm 1i f6 deRsniiAeng €Bstsmallest number,
Significant Segnents of said Depth val ues; D)

wherem| theeguesipy is odgiariniged e wesienasel theal Namhbstrs t which the

Segnents., z1K)1 Z22K)~"''. Z hayi ng t he me | evel, of
e R & Beo T g O BB g He b 08 M ouaalicet Shd the
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N R R e ol "AP ST RAI R SRk Py YR Crade fs
great@mehiani $hé hengllestt €atadeamhiely ataratspogudsoto tdmthensNumber
. Significant. Segnents a Grade indicating their
ind 1 W paigj gueupn conpari son with the nunerical val ue

of the other Segnents of the sanme |evel of

significance; Z(N-2) Z(N-2) Z(N-1) c) starting from

s heasgetill 8&lor@nsSROMRNIHSL, Iwherdiithe @MPEHd Skrhdiets are of the

Grades of the Segnents of the Depth val ues which
sameielmghibls to said group, and renoving fromsaid

group any Depth value indication with a G ade that is

| ess than the highest Grade which corresponds to

no - S a ;

o pha PERER SN BlltD I, SIRRUE Ehe b 168 ofbRY or Bore of

theRleast 2gaifrdnorSdpihéhtsaiss prgiter Dhphhtheabitederiggh of the Most

_designated said group.
Significant Segment.

7. A method for compositing a plurality of three-dimensional Sub-Images
by examining the Depth values Zi, Za,..., Zr, of the Pixels corresponding to
same spatial location in each Sub-Image and compositing the content of the
Pixel having the greatest Depth value, comprising:

a) dividing each of said Depth values into two or more binary

Segments Zﬁ””l),ZﬁN'Z),...,Zf.O), where the bit length of said Segments is

determined according to their level of significance and where sets of said

Segments are arranged according to their level of significance wherein the

first set of Segments ZJ(.N'U,ZJ(.N'I),...,ZJ(.N'U includes the Most Significant

Segments of said Depth values and the last set of Segments Zj(.°),Z(.°),...,Z§.°)

J
includes the Least Significant Segments of said Depth values;
b) simultaneously comparing the numerical values of the Segments

x) 7{x) & — ‘o
Zl( 223 e Ly : having the same level of Significance, determining a group



8. A nethod according to claim?7, further conprising
conparing the Depth values with a threshold val ue and

W@ 2009708§2 out t he detection of the greatest neeb@Er2004/000079
only with the Depth val ues which their value is above
or below said threshold value. 9. A nethod according
to claim7, for determ ninggghe small est nunber,
wherein the group is deternined to designate the Depth
destigresting i the Dlepth vatees cehichathe mofmetiedl vRbst of their Most

i gnificant Segnent is the smal | est, and .t he th
SbibeniodagEe o 4he FEHIGRH AR SAAGRELTD the Least

thel age d r n . .
R e e
donpaigord ket the. nmerichD&ahes of dhamther Gegimerts of the same
wherein the all the segments are of the sanme bit
lewelofsignificanceret hod according to claim 7, wherein the
bit Iength of one or nore of the Least Si géyiNfzi)@m) (=)
Segyrent sstiagtigeefiver thbasecohé deittofl Bagmlendd tthe *Mist »»=r |

Signi ficant Segnment. WD 2004/070652 PCT/ 112004/ 000079 _ .
compparing. the sGeaden fofr thenpesmepty & phar depth gplues which

t hr ee- di i opal _Sub- | . i ng:
(SRR oM P TIOR g RO BBy By Depin vaue
Rldeaidd Ywah Daptdiev@hiesSisoleddi XBAS, thhekighest @edtle which

Bus Iine the bits having the sane |evel o
sirgesfondlarioenatikel Deptiduebws intsaid ggoeml state of said
lines is set to "1" whenever the |ogical st atfo)gg(o)all ©)
of gsai d Rigeating stbp,c)anttil thd hsselet o Se@mdrlts h Zx’ is
| ogi cal state of at_|east one of said bits jis "0"; b)
resbeil ariugilunbingld Deptl melitasdsdeyignadad 5g1d Heowmt a of
the pixels corresponding to the sane spatial |ocation
in said Sub-1mges, dividing the Depth value of each
gead plahd! AlR-ANG 9 (IBLE OGNS cdilbERIEBhRiisk the
segnents on the respective Iines of said Bus, sensing
Deptie vadgés atitlstaatkreshold value and carrying out the detection of the

g seees

greatest number only with the Depth values which their value is above or

below said threshold value.

9. A method according to claim 7, for determining the smallest number,
wherein the group is determined to designate the Depth values which the
numerical value of their Most Significant Segment is the smallest and the
Depth values designations are removed from said group whenever their
Grade is greater than the smallest Grade which corresponds to another

Number indication in said group.

10. A method according to claim 7, wherein the all the segments are of the

same bit length.

11. A method according to claim 7, wherein the bit length of one or more of
the Least Significant Segments is greater than the bit length of the Most
Significant Segment.



said lines, and accordingly concurrently producing

internmedi ate conparison results for the Mbst
wek@niofiesant Segments of said val ues which deBCTnaVeg000079

the Depth val ues having the greatest nunerical val ue,

and for the Least Significant Segnents Stop-Mrks

G ading indicating their _ngmerical size in conparison

with the nunerical value of the other Segnments of the

same | evel of significance; c) Pronotion Matrices for

serially producing jnternediate arj.son resuyl

tor Ae'af@#rgtfeé SOMPREIINE ag'fﬁuééaﬂ’eﬁf %ﬁ- P&&Sl%ali Stb-Images,

pgnifi.cance, starting fromthe set of segments
Co’ﬁgggiorfvﬁl'ng the set of Most Significant Segnments, by

regovi NgBluk diddshridci¢cuerisitly pitrddaeithg thy bitaesti atpdurality of
conpari son results Depth val ue designations for which

Phpth celvess pbniiietsy where Mardachr Busrding she &sts buing e same
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current pro ed internedi ate conparison results

%Hmldgﬁi% statei ofgltdeastamiegoiadaid hiwustOf;hat t he pi xel

ata can be retrieved for the conpositj.n fr t he )

r Bpect | $ESoRRA¥G i Tayfoncuyysny H?%AFG%QL@G e’ Kb pixels
PCT/ | L2004/ ) ) . : edi NGt @ 1
BT R S9BREBoris i oo i L BRPERIEI B! Bviding ihe
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Matri ces whenever it is indicated by a Pronotion

segmentst battheeespestienlings pfowid ddus, ntensimeslithe dogical state of
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tesibanent did Dept Galues Kasiog e geeathstt nfiorerical value, and for

introducing the bits of segnents of_ a h val ue of :
theyj keasto SgmdicRnheSesnenys BNBapks | Eﬁé’émgn gndicating their

%gx{e\ﬁca tsf%g dinStc%%iparison with the numerical value of the other

Segments of the same level of significance;

c) Promotion Matrices for serially producing intermediate
comparison results for each subsequent set of segments in order of
significance, starting from the set of segments following the set of Most
Significant Segments, by removing from the previously produced
intermediate comparison results Depth value designations for which the
corresponding Stop-Mark Grading is less than the greatest Stop-Mark
Grading that is related to one of said intermediate comparison results,

where said Promotion Matrices are capable of indicating that the
currently produced intermediate comparison results includes a single
designation such that the pixel data can be retrieved for the compositing

from the respective Associative Unit.



Mar k indications, and enabling the data of said pixe
according to a correspondi ng external enabling

WO p@doaiEDN, conprising: a) Primary Segnent LOBCT/IL2004/000079
circuitry for enabling the introducing of the bits of
the Most Significant Segnent of said Depth val ue on
the respective lines of sapg Bus, sensing the |ogica
state of said lines starting fromthe Mst
B1.gAi dyistantactoming ao dlaiiin ﬂﬂ,ddrb@émmmptiamdishbﬁhg means for
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corhPaHSah r@RNiltPinRide s sfﬂg’,l@ ddeignBtionmar y Segrrent | ogi c
circuitries for enabling the introducing of the bits

of the Least Significant Segnents of said Depth value
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int e FRRL 2801 The corresponding bit s no"

di sabling the sensing of the consecutive Bus |ines
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Segnent, otherwi se enabling the sensing to proceed
until the end of said Segnent and issuing a Stop-Mrk

I Hdha@anedtidiayvé Minitefée! in®foduictig fthe anee ofelepehedte of a Depth
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from the Most Significant line, and if the logical states of the sensed line
and of the corresponding bit is “0” disabling the sensing of the consecutive
Bus lines, otherwise enabling the sensing to proceed until the end of said
Segment and issuing a Carry-Out indication;

b) One or more Non-Primary Segment logic circuitries for enabling
the introducing of the bits of the Least Significant Segments of said Depth
value on the respective lines of said Bus, sensing the logical state of said
lines starting from the Most Significant line, and if the logical states of the
sensed line and of the corresponding bit is “0” disabling the sensing of the
consecutive Bus lines and issuing a Stop-Mark indication which
corresponds to the level of significance of said bit in its Segment, otherwise
enabling the sensing to proceed until the end of said Segment and issuing
a Stop-Mark indication having level of significance being one level higher
than the Most Significant bit in said Segment; and



17. An Associative Unit according to claim16, further

conprising neans for enabling the operation of the
we@riomrossand Non- Primary Segnent | ogi c cCircui P€T/@R004/000079

whenever the value of the Depth value is greater than

a threshold value. 18. An Associative Unit according

to claim 17, wherein the nmeads- are enabling the

operation of the Primary and Non-Primary_Segnent | ogic

ci®cui t ra egatghdoreemabiing Vhe ueniputt ple spipht falpa/Theneyer said

smal-l er. than.a threshol.d value. 19. An Associative

Efﬁﬁ%%’éﬁﬁ@%ﬁ’ fsoreff“"z}’ieﬂY 16, in which the sensing of

t NG heRORSETIS A &t BtSof dd@Slins of b SAPR RS iyB&NRVer whénever the

| ogi cal states of the sensed |ine and of the R
logival rsesiposialh @f Whe hiss Inttoduced on it is “1”, and it is set to “0” if the
logical state of at least one of said bits is “0”, and where said enabling
indication is determined externally according to said Carry-Out and Stop-

Mark indications.

17. An Associative Unit according to claim 16, further comprising means
for enabling the operation of the Primary and Non-Primary Segment logic
circuitries whenever the value of the Depth value is greater than a threshold

value.

18. An Associative Unit according to claim 17, wherein the means are
enabling the operation of the Primary and Non-Primary Segment logic
circuitries whenever the value of the Depth value is smaller than a threshold

value.

19. An Associative Unit according to claim 16, in which the sensing of the
consecutive Bus lines is disabled whenever the logical states of the sensed

line and of the corresponding bit is “1”.



