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COVPRESSH ONA4ESSR0CESSOR W TH DATA FLOW 5 CONBRA/USR94617
MULTI PLE PROCESSI NG UNI TS This application is a-continuation-i n-.l%[&_f)f'
application Serial No. 08/054,950, filed Apgil 27, 1993. AppendiX_]yssets
forth descriptions of the instructions used by the coprocessor of ﬁis .
I nvention. 10 BACKGROUND OF THE | NVENTI ON The present invention relates to
speci al purpose imge conpressi on coprocessors. Data conpression is used to
reduce the amount of data 15 that has to be transmtted and stored. There
are many types of dataMAGHEDCEMEREESTWN hedprd B Soi WErEhAA T Hhotengt h
conpres@ on | n whi ch, | NEEMTRDL. BEAHTUcE Sh TRARERE R A 10¢ i n
row, a single one is nt_with a code ipdicating that therée are 25 of them
This is a I ossless 20%&*@5%"—%@& hd¥ & nCRRFERUABLIGRT ANMPAEEsCL
"Loasy" nethpééﬁd@tﬁdnasgﬂmalfNﬁuL$§¥mﬁufgiggafg%gaegpgplezby nghﬁrent

t echni ques, such as r n e o ts of accuracy or resolution.
l-n i mages, an array .oﬁ%g%ée@%sé |hl§ sp#%ﬁ/i%%’at% %%S%Jep'ﬁ?‘o?% °f¥m’r"éedi gi t al

val ues for eéBERTpckdlons Reed) by thual copregessot hef dtigl & ainpexeliownal ue

i ndi catjgs its | evel of grayness. For exanple, 0 mght be white and 255

m ght be bl ack. For color inages, three different values.could be used,
each indicating the red, blue BAEKGRUMD CORPBHENTINVENTEONRGE system (or the
30 three conponents ghea t 1 he IS
sinply to cut_the nunber g%gﬁﬁﬁ§i£H?%§§ﬁ%ﬁa%ﬁ?ﬁ%ﬁégg%ﬁ%%%%%%geﬁggégsfhe

pi xel , so t hARIPnSPBRYSEF 1O GPRTGS{ARSent 256 possi bl e variations, the
four nost significant DaithS ook et orHOU Ried tl SrBIdOdHBULH-HRY! BCaata

t han ot her nethods. Most | mage conpression

i ctur ual t re, 35
ﬁethodgsﬁeg+?%§ R85%¢3 be transmitted and stored. There are many types of

data compression, with a simple type being run length
compression in which, instead of sending, for example, 25
digital ones in a row, a single one is sent with a code
indicating that there are 25 of them. This is a lossless
20 compression method in which no data is lost. "Lossy" methods,
on the other hand, compress data even more by different
~ techniques, such as reducing the number of bits of accuracy or
resolution.
In images, an array of pixels is provided with one or
25 more digital values for each pixel. For gray scale images, the
digital pixel value indicates its level of grayness. For
example, 0 might be white and 255 might be black. For color
images, three different values could be used, each indicating
. the red, blue and green components in an RGB éystem (or the
30 three components of a YUV system). One way to compress the
data is simply to cut the number of bits of resolution for each
component of the pixel, so that instead of 8 bits to represent
256 possible variations, the four most significant bits are
used. However, this method would degrade picture quality more
35 than other methods. Most image compression methods realize
that if a small enough portion of an image is taken, the color
will be either constant or vary slowly in most instances.
Thus, many image compression schemes focus on identifying the
average or dominant intensity or color and then identifying the
40  variation from this color. By using high resolution for the

s



that if a small enough portion of an inmage is taken, the color will be

ei ther cwespazaddr vary slowly in nost i nstances. Thus, manyPCTHER/04617.
conpr essi on schenmes focus on identifying the2average or dom nant intensity

or color and_then identifying the 40 wvariation fromthis color. By using

hi gh r esol ut FOFFRIE e GCOm /3@, lower resolutlion can be used for cthe
PCT/ US94/ 046%ZEr2aaienage o winif naglicol or, 1ower resolution can be used

for the variation fromgthat color. Several standards_.have evol ved for image

data conpression. The JBEETEroithe ATy Ye2 €PbupPese Shfdard is
used for stitbmpressies. T M%@E(@nﬁﬂnﬂ1ﬁﬁdﬂ¢qﬁa§ﬁpezk§e6tgunkr%ES Px64
are used-for Lopti.on videa.  Px64 s also calledg H by the | TT
(Consul tati vgg%ﬁ%g?‘t &8 59 ioH rf‘a‘t‘lﬂ(}hﬁlc‘ité‘}%ﬁ‘one ﬁdﬁgéf"eépgﬁh)qn AY55uete
descri pti on BKprantex&amplp)ofarkbWPxsie axfe tuxed Eor aboyE-motpoeassiideo. Pxé64
processes WoEKS I ful .in under | ng-th ent lnvention.

Fig. 1A is aigi ggrggmg??ﬁﬁg ?’dtéisr%g bgh%%wan@%éﬁugé‘ggnpgebf’l"?ﬁ‘d‘é: Yeg for
broken up i niBtBFBakdonrls Teibegihonen amdsiTed eqgrraph) ot al of 64 pi xel s per

bl ock. Each pixel is regp Mos ale]! W] ugel f.ram Q- 255
for gray scale, or by tgh?jgg%git %eér%ér%t%t\?a ué’gf ?élor? %ﬂ%‘?éﬁfl gglwqplhl rré%es%%e
A two- di-RensPBRY4P @PFPress iessprecessest slankDERuld peresefvd dn the 64

val ues. The BedekstanheaBnicpie p?&%%‘lntto i%l%_m::f.i&ﬁt e p{yarpitiar Xa&%‘?fr%m by

t he summati on ff a_nunber of different periodic waveforns wth
different cobtHPEFEALLNG: the JB5G standdrdeach GTOUFRR cHRPSACAE PECKSH M

waveforns. |hsteadletka Ber @BlpiwRvelf nmaniigie Vadd a5 toedl MBe khephlkhll Ber
of the pointg,in the 8xg ELXG hl ock is a waveformrepresentation_of a

f
variation i n°spake, BRCR BpXelalst reqreseptethdYerds § ¢ drgikalt ¥ad¥ror m

i s a DClgal uErehi CR255 for gray scale, or by three different values for RGB
or YUV color images. A two-dimensional discrete cosine
transform (DCT) is performed on the 64 values. The DCT is a
technique used to approximate an arbitrary waveform by the
summation of a number of different periodic waveforms with a

20 different coefficient, or mu;tiplier, for each of the component
periodic waveforms. Instead of a normal waveform which varies
in time, the plotting of the points in the 8x8 pixel block is a
waveform representation of a variation in space, or a spacial
frequency. The end result of the transform is a DC value which
25 represents the dominant color, and a number of coefficients
which represent the variation from it. The resulting DC
coefficient and AC coefficients are stored as blocks 12, with
the upper left value being the DC value for each block. The
order in which the pixels are examined, instead of being row by
30 row, might be a zigzag patterﬁ 14. This zigzag pattern should
make the variations in color smoother. '
Fig. 1B shows the data flow for JPEG compression.
The input image data is first offset in an offset block 20.
This offset is 128 in the example shown, which has the effect
35 of centering the data around 0 since the range would typicall
be 0-255. This should cut down on the value of the DC
component, and thus on the number of bits required to represent
it. The data is then applied through the forward DCT (FDCT)



25 represents the dom nant color, and a nunber of coefficients which

repr esemMoO P4iz59%3%ari ation fromit. The.resulting DC coef fi ci eRETARAYNEL?
coefficients are stored as bl ocks 12, w th the upper |eft value being the
DC val ue for each block. The order in which the pixels are exan ned,

i nst ead of bDRIFREKrHv BY BICAUCGWEIR GREBTETR AIpene paTaRFACcT3. DCTANG AC

zi gzag patt eddeshiel dntBke trheswacoalrizas dnit LU SHRQtbeAncFkad 1B ghows
the data flow for JPEG conpression. The input inmage data“is first offset in
an of fset bl OTRFT THRBToERsOLCFE 228 UNASTh &R HRA BT oA, THRAPEAZRRIORhe

effect 35 wdbrest®singThieqdanziateyies QsSiHS d4PLY aadLounsl gt yeiccal Iy
be 0-255, This shoul d cut_dﬁgg.gg the val ue of the DC ponent, and t hus
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oc t o_produce i screte.cosine transfor an

oy FRRoaEESan T

coefficients. es? theff En SERF TR SFRERet BER&FAT quantR2E

bl ock 24 undiesehibednabolreof quanti zation tables 26. The quantization is
basically a rounding o 5. Af i i,ch limits.the nu . of _bi.ts needed
to represent each coef %%igﬁtgg%%3%%5£2&5fﬁ3ﬁﬁéﬁ% ﬁ?eatﬂgﬁfﬁﬁEBEéﬁiin a

bl ock 280i n eng¢adih@niglockypfé .enfhei fdrsth@® wilnésrate tépredenceidbed
above. The Dg t .§;¢ncqeded.] i f [al 10, e ' 0 :
The first DCVATIEecre YAITECEREC feladalnd BEVaRies 1o "PaRERAH T ot o2 Rs
val ues in sARRRRPCASEo3Rs aadd ffereasdads fran ffaenfinstf vahuehatgainst

val ue, agai n {18 {ha0ehBe f : kb Fi

the data is proc_ess%d_{lhrggg g.rﬁgf %?%%é%ﬁ %ﬁf%gngég%gméog%ng Fgﬁ%rh%y’
of the alterttf id%2 shecPrPegsispd: FArppEd &t dhffman aredes 32f or Hudfman

entropy:sodigwhiddlf {§88n8Needith® alternatives specified by the JPEG

standard, and is a form of entropy coding. Huffman encoding
basically compresses digital data by using one of a number of
codes in a table in place of certain data patterns.

Fig. 1C illustrates the reverse of Fig. 1B for

20 decoding compressed data. All the blocks are basically the

inverse of the blocks set forth in Fig. 1B. These blocks are
the Huffman decoder 40, the run decoder 42, differential
decoder 44, inverse quahtization block 46 with its quantization
tables 48, inverse DCT block 50, and offset block 52. )

Data compression and decompression has historically

[N ]
n

been accomplished in one or two different ways. First, a
.qeﬁeral nicroprocessor can be programmed to perform the desired
tasks required for the data flow illustrated in Figs. 1B and -
1C. Clearly, this programmability makes the hardware flexible,
30 but at the same time makes the compression and decompression
very slow. Second, dedicated hardware can be designed to
implement a particular data flow path. Clearly, the dedicated
hardware would be faster, but would be limited in its
flexibility. Both LSI Logic and SGS Thompson sell <chip sets
which include the building blocks which can be used for an

[
wn

inage compression/decompression system. These chips would
include a DCT processor, an encoder/decoder, a DCT guantization
processor, a CCITT variable length decoder, etc.



basically conpresses digital data by using one of a nunber of codes jp a
tabl e i Ryploareszsf certain data patterns. Firlg. 1C illustrat eé’CtTﬂé”r"’@@é%?se_ of
Fig. 1B for 20 decoding conpressed data. A[l the blocks are basically the
i nverse of the blocks set forth in Fig. 1B. These bl ocks are the Huffman

decoder 40, the.run deegd@nctAerdiah®icdit alsdrcatder c4dpahD¥er eoduce
quanti zation block 46 with its quantization tables, 48, 1 nverse DCT bl ock

50, and of f SSReH} dLKPYEPCSE COProCesSOTHARE IRARLss?Hrncahd deconpr essi on
has hi stori cabmyréeenongeetpmpyeed ioh ONT-Pubavathdiecedt proyactFpast, a
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progr ammybi | ptycosBkes thechbarithiaed foaxitddee TE dtdndirdhe gamant adwonakes
t he conpression and ﬂgconpression vg;y sl ow. Second, dedi cated hardware can

be desi gned I PIPFEReRCE FaPPERH SPHia fl ow path. Clearly, the
dedi cat ed har dwar e woufrtieb@ rfedeingr indwdntimid dabso [ felakeesi hoi Hata flow

flexibility. SI. Logi d SGS_Th [ hG

nol ude t he FRPTATABSBr oo RECAREEh 08T BRGRE A nade; Bgpgbeedior ihitn
conpr essi on/ dpevapesssnodases tfidow Hesdmichiges. woll da i atandard DCT
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announced product part nunber” CL550 which 1s a JPEG i rage conpression .
processor. The 5 proceddor dRtepiilavw RFIRSIPE, JPECEReaABBRY. hagdan thess S

announced Sugd 3t8ARRSEE T VgralRREEN cdiv@pt | OnTALELads! at eeriiesdalfa
flow instructions are stored, with the timing of execution of each

instruction being determined by when its data is ready. A
description of data flow programs is set forth in the article
"Data Flow Super Computers", Jack B. Dennis, Computer Magazine,
November 1980, pg. 48-56. That article suggests the use of

20 data flow techniques for multi-processor architectures. The
basic instruction execution mechanism is set forth in Fig. 10,
which has a circular pipeline. an instruction queue holds
instructions ready for execution, and a fetch unit passes them
on to the actual operation unit in the form of packets. The

25 operation unit also receives data tokens. Upon completion, a
result packet is passed back to an activity store for the
instructions, from which inStruction can be selected again if
it is to be repeated for additibnal data. The NEC image
coprocessor uses such a circular pipeline.

30 '

SUMMARY OF THE INVENTION
The present invention provides an image

compression/decoﬁpression coprocessor which is integrated on 2
single chip. The coprocessor has a control unit which is

35 connected by an internal, global bus to a.number of different
processing units. Each of the processing units handles only

certain steps in compression and decompression processes.



techni ques. NEC has introduced an i mage ¢oprocessor mhich-o&gﬁﬁ%ﬁg &ﬂ dat a
flow tecWoi8%35 In a standard 10 nicroprocessor, the progrart 074t i ons
are executed one at a tinme, with a programcgunter pornting to the next

instruction in line, with sequential execution unless thereis a junp. In a

dat a fIOM/processor orritdepoesent hifdent hohe inp lemeticandarte pragkalike
counter concepicp e stored, with

series I nstruc |ons
the tinmng of exec |d%g%f a%hsfﬂ% ?uﬁngnWBéFh éﬁﬁﬁjiﬁFvﬁéﬁ tts
data is rea¢FD$$xﬁ%nze¢nmamnwardaanaftomcprngnawmﬂacesslﬁgniﬂlarma%ewnlc“

le " "
Noverber 16805 e A ce e tEFirard "Gt EempErracrs e AP R T TN,
technlqué%'hQIQﬁﬁﬁﬁbﬁwocé@soxnmgnhLOBcisrBsefefhbl@aammbamﬁntzd|wnth a data
.execution meGiiadl-Sihy técS’Itﬁlni{E Ehﬂcnlggn% ¢ as i TGl Are P %pe' | ne.

An instruction queue nstructi ONS rea éxecution, and a Tetch

uni t passes1ﬂﬂﬁﬁ1ﬂ?¥()Qlﬁb%¢th@$ b@etaelnarmnus s@anuaﬁ(yunnﬁsmagmq¢s351-g
The 25 opergiid), unit also receives data tokens. Upon conpletion, a
result packet is passed back to an activity store for the instructions,

from whi ch i nstruction FarPhe swbedimentgathe Fopracessemdiaspreparaterhost

additi omed dairsd Jﬁtﬁed\lﬁfemdi@gelﬁe&fiéééor PHES heeeh a%t“éffé&é”tﬂ:?@iw&s
30 SUMVARY CE THE | NVENTI ON resent 1| nvention prOV| es an i1 mge

conpr essi on/ FEOHFESHD ﬁt%%%?%c%§§%r°ﬂhFBﬁ Latesnadr Husd dn§¢nb$%9e%|%ata

The coprocessmEnthas aNdMeHt. UnThe MigBo! $ndar ra@ecieE it & betRédR! the
gl obal bus thﬁ%nunber of different proceSS|ng units. Each of

I he
processi ng umt e Rarffts® ohtyeR Rt nEQFBRE - i n TBEmMSEs StorFhfginternal,
deconpr essi oglprclesses. is aMl 844€883By an arbitration circuit in the

PCT/ U594:{5)46Jc70ntrol unit.

In one embodiment, specialized processing units are
used which preferably include an arithmetic processor, a
quantization processor, and a DCT processor. By using data
flow control techniques, tokens can be sent out and be

20 processed in parallel by the individual processing units. The
use of specialized processing units improves over the prior art
which used a single, circular pipeline which could not operate
as fast, or prior art which used a number of identical,
parallel processors which alsoc cannot operate as fast because

25 they are not specialized.

The present invention in the data flow embodiment
uses unique tokens which include control tokens and data
tokens. Data tokens can include a large block of data in a
single token. The internal bus is much larger than the

30 external interface buses, thus allowing larger amounts of data
to be transferred at once between the units on the coprocessor
chip. _

For a fuller understanding of the nature and
advantages of the invention, reference should be made to the

35 ensuing detailed description taken in conjunction with the
accompanying drawings.



The present invention inplenments a network-like architecture on a S|ngle
chi p whived sahkgws the sharing of specialized hardware and cdﬁd‘ﬂiﬁ%lﬁfﬂ
processing in a way which speeds up the perfgornmance of conpr essi on and
deconpression 5 processes. The invention is preferably inplenented with a

data flowtype control unitBMEGhmmsqu@mmmﬁHpvmwmcsm ernal ,

gl obal bus to the varigus special gose pr c%%agn units. $ g to the
enbodi ment, the coprocetdor™ aéssapgﬁ &30 ] ?ﬁﬁﬁx)?@mB VA
interfaces.JPBGaénEnuarmerface transl at es between the t okens used on the

internal bus and run Iﬁngiéng ;%8§ET§ %gst gﬁggg%ﬁ %I (9%9al§t§{%§cfor an

transl ates between the 1 e use of
i nternaly glaottdddusand @gboﬁeated by an arbitration circuit in the 15

control unit. In one Q%P dlgegg 8&?'a§9§r%&9%ﬁ?§hpgvﬂﬂ% S¢@£€r8§§gon

whi ch preferably include*an arrt rocessor, a quantization processor,
and a DCT pﬁy§¥§NNusxﬂquthﬁngasantlomweonunm,technlques t okens can be

sent out and be 20 ssgg -kp Q@Eahhgbrgﬁélg%Idggﬁgﬂ&EﬁAﬁr0§§§§lng

units. The use of sp eC| |ze processing-units | nproves over the prior art
whi ch used ®askffte, e@b%@ﬁa;nﬁtpgpthenmagweaéul d:Cri%ﬁn A ERES JBEPREY, 3pd

prior ard Whivd gk asHHMbeEket Eggﬁgltgal paral | el processors which also
cannot operate as fast_because, 25 are not PeC|aI|zed The present

invention in the data.?4%m1%ﬁbé§|ﬁeﬁﬂa8§é§ @i fegi&iHs drenPieckude
control tokejum kgt Bohokens. Data tokens can include a |arge block of
data in a single token,, The |nterng&P s .S HUChﬁHﬁ qgr t han t he

external interface buseid-thuiSapl ﬁg RipgEA™ Rfurft %ﬂa%%I%PT%r%%Slon
transf err ed ciiprovwes et Wweetotdéngntbsthe bheseer Qﬁeaérmlmh: p. For a fuller

gﬂgﬁ{ztggdhggeoIOtPﬁenﬁtureaand gdgggtgg%so%faFQF HP n 1nq Igéeéggggbessor

of Fig. 4;
Fig. 6 is a more detailed diagram of the memory
connections of Fig. 5;
Fig. 7 is a diagram illustrating the control and data
20 tokens of the present invention:
Fig. 8 is a block diagram of the data flow control
unit of Fig. 4:
Fig. 9 is a diagram of the instruction fields for the
data flow instructions of the present invention:
25 Fig. 10 is a data flow chart for a typical data flow
program of the present invention:
' Fig. 11 is a block diagram of the update unit of
Fig. 8; _ |
Fig. 12 is a block diagram of the enabled instruction
30 queue of Fig. 8:; _
Fig. 13 is a block diagram of the global bus
interface unit of Fig. 8:
Fig. 14 is a block diagram of the token memory unit
of Fig. 8:
35 Fig. 15 is a functional block diagram of the DCT
processor unit of Fig. 4;
Fig. 16 is a state machine transition diagran for the
global bus state machine of the DCT processor unit of Fig. 15:



35 ensuing detailed description taken in conjunctlon with | nyi ng
dr awi Ngsyo 94723965 94/ 25935 bR HOIRF

PCT/ US94/ 04617 6 BRI EF DESCRI PTI ON OF THE DRAW NGS Fig. 1A is a di agram of
data bl ocks according to the JPEG standard; Figs. 1B and 1C are di agrans of

JPEG data flow for an gl@ncmleisaadnﬂocmdeiagiiag oZ ithea quaguii i wipam of
an i nage co eSS|on system using the present invention; Figs. 3A-3F are
di agrams of opemﬁﬁf?ﬁ%ﬁlregﬁlt gacket enabl ed instruction packets, token

address menory, and 10Figtwnadpiscassbocpadkayrhor wit sheFiaFitdmesia di agram

of differen ck_configurations; - Fig. 4 is a block diagramof an
I mage conprggg?%% cd% %%%§S8F a&gbrarng to the present inventiaon; 15

Fig. 5i% a d|agran1ofFagsyxsemsualhgocheamagre@egsoﬂhﬁ nuq;lengthg 6 is

a nore detaid.gg i connections of Fig. 5; Fig. 7is a
dlagran1lllﬁ£tra%%ng ?ﬁégco%?ro an data 20 tokens of the present

invention; Fig. 8 is aFbfecROdiagrafmnttinpadaid oW iagfam|okintie oFokey.
4, Fig. 9 I&ﬁ%ék{?g@ﬂaﬂiatg% ?Qﬁtrgctlon fields for the data fl ow

i nstructions of t resent 1 nvention Qi 10 js a data
flow chart for a typi cﬁl%la?& flEoW Fﬂ-@gka#ﬂ-égltaﬁ’e"pfrég@nt q§lv el FeRtagpgunit
11 is ag bl ocde @gram of the update unit of

Fig. 22 is a block diagram of the video interface
units of Fig. 4;
Fig. 23 is a block diagram of the auxiliary interface
unit of Fig. 4; and
15 Figs. 24-26 are diagrams illustrating the use of
semaphores in the present invention.

_ DESCRIPTION OF SPECIFIC EMBODIMENTS
Typical System Confiquration
20 Fig. 2 shows the basic configuration of a video
compression system for the JPEG, H.261, and MPEG standards
which incorporates an image compression/decompression processor
410 according to the present invention (the ICC) and a motion
estimation coprocessor (MEC) 212 chip. The MEC is described in
25 copending application Serial No. 08/655;1\\ , filed
py A?Ru.\ﬁis entitled "Motion Estimation Coprocessor", and
hereby incorporated by reference (the "MEC Application"). Both
chips are coprocessors and need to be supported by a host

processor whose performancé level is application dependent;:

30 commonly available RISC controllers such as members of the
Intel 1960 family are generally sufficient. The ICC performs
all video compression functions in a typical system except
motion estimation; Huffman encoding and decoding, and bit
stream management. The latter two functions are handled by the

35 host processor, and motion estimation is handled by the MEC.
Applications not requiring motion compensated frame encoding do
not need the MEC chip. This is true, for example, of JPEG-based

encoders and decoders, and MPEG-based decoders.



Fig. 8 Fig. 12 is a block diagramof the enabled instruction 30 queue of
Fig. 8 W®942033s a block diagram of the global bus interfREURYIS} Fig.
8, Fig. 14 is a block diagramof the token ngnory unit of Fig. 8; 35

Fig. 15 is a functional block diagram of the DCT processor unit of Fig. 4;

Fig. 16 is a state nac@hgget@@ggg|éy15y§gggngg@rv&§gﬂglgbg gbus.statn_g_ host

machi ne of the DCT processor anit of

PCT/ US94/ 046B7°FeEFGE Pysi {HRUS) o2k 4di ALk FET Y URFRF 2 8E PEN bEso d dusH
unit of Fi g 246, Fegd t8el slaelél @@ﬁdyyaw&m(efbdéye 2{aLhnEhER BLACKASOR unit
of Fig. 4 Fig. 19 .is bl ock di agram of the run |l ength

processor un??eﬁf FnguEPOFFg e ?bﬁsfﬁﬁbﬁﬁ |EP| $2KNHPAGr BRPEFam[e and

t oken |n6erfpasamétér9ffEb& tﬁe hiogt 2b h%ea*&cxéhdlﬁﬂéaahﬂﬁstBﬁth%t
interface unif 1 22 is a bl ock dlag$an1of the vi deo

i nterface unltsn%Fe §un4lePF§h %@4%9 dafro Qe kiRt Mo RPRE 20K EFSr ¢n real
i nterface untimef FTge xbuaoda§5w111 be expldiirid P#ts, aperﬂnegreﬁé ICC to

L & SRR ShiRETRElnLSEy e el Vet e ESCELELLT
the MEC. Finally, the Vbus forms a glueless interface with
10 off-the-shelf DRAMs and/or VRAMs 220; refresh cycles are
automatically generated by both the ICC and MEC. For maximum
performance, the video busses of the ICC and MEC may be split
as shown in Fig. 2 and connected to separate memories, or the
busses may be shared.

}=
w

By way cf comparison, the AVP 1000 chip set from AT&T
places encoding and decoding functions in separate chips: this
is unlike the ICC in which encoding and decoding functions
share the same computational resources. The AT&T chip set also
combines the silicon-intensive motion estimation function with
20 other functions on the encoder chips, whereas the ICC/MEC chip
set devotes a separate chi? (i.e. the MEC) to motion
estimation. Because of this, it appears that a still image
encoder/decoder application based only, for simplicity, on MPEG
I-frames requires both an AT&T encoder and decoder chip (which

25 by default also provides the unneeded motion estimation
function), whereas the same application using the ICC/MEC chip -
set would require only the ICC. Note also that unlike the
ICC/MEC chip set, the AT&T chip set appears to be incapable of
handling the JPEG standard which is generally preferred over

30 MPEG for high gquality still image compression.

The AT&T chip set also contains a system controller
largely optimized for H.261-based applications which provides
the functions which are mapped onto the host processor in
ICC/MEC systems. AT&T syStems appear to always regquire some

()
wn

type of dedicated general purpose processor in addition to the
system controller processor, whereas in ICC/MEC systems, the
user may be able to perform the equivalent functions using only
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Dataflow computing has long been an active subject of
parallel processor research and hardware implementation
projects. All dataflow computers share the common
characteristic that they are "data-driven” rather than
20 "control-driven" like other computers, including those
employing SIMD and VLIW architectures. Datafiow computers have
no program counter; instead, they execute or "fire" an
instruction based solely on the availability of data operands
for that instruction and a place to put the instruction's
25 result. Theoretically, many instructions may fire at once,
giving rise to dataflow architectures incorporating multiple
parallel computing elements. Dataflow computer programs are
naturally represented using data flowgraphs consisting of
instruction "nodes" interconnected by "arcs" which represent
30 the flow of data between instructions; the ordering of
instructions in program memory has no bearing on instruction
execution. The data objects which travel on these flowgraph
arcs are called "tokens". "Static" dataflow computers, of
which the ICC is an example, allow only a single token on an
35 arc at any point in time and are simpler to implement than
"dynamic" dataflow computers which permit multiple tokens to
coexist on an arc.
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time of a siyfdERIEYSt&MmERRRLGR! kBroRERBETSeE RAY NSt sAeasat epBRERS! MeAES -

evel. 15 of which consists of a vector of from eight to 264 twelve bit
words, are passed over the bus between the functional units and
a buffer memory in the dataflow controller. The dataflow
controller matches result tokens from the functional units to
the operand fields of instructions stored in the on-chip 128

20 word program RAM, and then dispatches both matched instructions
and their operands to the appropriate functional units over the
global bus.

For nmaximum performance, each of the functional units
is optimized to execute a particular subset of instructions;

25 collectively, the units attain a peak performance of over one
billion operations per second (BOPS). For example, the DCT
Processor Unit (DPU) 424 is capable of executing only forward
and inverse DCTs, and the Quantization Processor Unit (QPU) 422
is optimized to perform forward and inverse quantizations.

30 Some of the functional units are responsible for interfacing
the ICC to the outside world. For example, the Video Interface
Unit (VIU) 414 is used to read and write image data to off-chip
DRAM, and the Token Interface Unit (TIU) 428 and Run Length
Processing Unit (RPU) 426 are used to transfer data between the

35 ICC and host processor. All of the ICC instructions executed
on the functional units are "high level™ in the sense that they
process tokens consisting of data vectors rather than single

data words:; this feature allows ICC programs to be extremely
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horsepower to encode or decode these images at 30 frames per
second using the JPEG standard. In fact, the ICC can deal with

20 images of up to 4096 lines by 4096 pels/line.

However, the ICC's high pérformance is also very

useful for applications dealing with smaller CIF-sized (288
lines by 352 pels/line) imagefy such as video conferencing
(which uses the H.261 standard) and CD ROM-based multimedia

25 (which uses MPEG). For these applications, a single ICC/MEC
chip set is capable of processing multiple image channels. For
example, in multipeoint video conferencing, a single ICC/MEC
chip set can be used to implement a video codec which is
capable of encoding a single image (i.e. the one being

30 transmitted) and decoding the possibly multiple images which
are being received. For multimedia applications based on the
MPEG standard running in a windowed environment on a PC or
workstation, a single ICC can support multiple windows by
decoding two SIF images in real time. In addition, for

35 multimedia applications which also create CD ROM-based image
sequences, a single ICC/MEC chip set can support MPEG  encoding
of CIF imagery at 30 frames per second using a two B frame per
P frame encoding structure.
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15 host processor, if system timing permits, to be used by the ICC
to calculate functions it does not implement on-chip. - In
addition, these same instructions allow the ICC to be
programmed to look like a classical coprocessor to the host:;
i.e. the host may command the ICC to perform individual

20 functions on host-supplied input data and return the results.

Ease of Programming

The ICC's flowgraph-based programming environment
makes it very easy for the user to specify the parallel
25 execution of instructions. All the programmer need do is ‘
specify how data flows between instructions: the ICC's dataflow: .
controller does the rest by automatically scheduling
instruction executions at run time based on operand
availability and dispatches both instructions and operands to
30 the appropriate functional units. The ICC further simplifies
program writing by using high-level instructions to perform
standard arithmetic operations such as DCT and quantization
which normally could require dozens of more basic instructions.
In contrast, architectures such as VLIW (and, to a
35 lesser degree, SIMD) shift the burden of efficiently using
parallel computing resources onto the programmer. VLIW
requires the programmer to simultaneously manage several
concurrent activities from a single instruction, and in
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behav10r Whlch further complicates programming. Furthermore,

15 in both SIMD and VLIW architectures, the programmer must
generally be keenly aware of any hardware pipelining used to
increase performance; in contrast, the ICC's functional units
are internally pipelined, but this fact is totally hidden from
the programmer.

20 Fig. 4 is a block diagram of an image
compression/decompression coprocessor 410 according to one
embodiment of the present invention. Coprocessor 410
interfaces with a host computer through a host interface 412
and an internal host bus 413. Video memory is accessed via a

25 video interface 414. These interfaces provide data and
instructions to and from an internal global bus 416. The
coérocessor operates under the control of the control unit 418
which is connected to the specific processors by an internal
global bus 41s.

30 Several special purpose processing units are provided
to do certain specific functions in image
compression/decompression. These are an arithmetic processor
unit 420, a quantization processor unit 422 and a discrete
cosine transform (DCT) processor'unit 424. These units can

35 either be identical in hardware, with custom programming, Or
specialized in hardware. Two other special purpose units
connect between the host interface and the internal global bus.
These are run length processor unit 426 and token interface
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15 can coperate in parallel and asynchronously. The coproéessor
thus functions in a way that might be considered a network on a
chip. Data is transmitted back and forth between the units |
over the internal global bus as needed, with each of the
processing units and the control unit including arbitration

20 circuitry for determining when to send data or instructions
over the bus. After a program is completed, the host can then
load a next program. .

The auxiliary interface unit 430 allows expandability
of the coprocessor by essentially allowing other specialized

25 processing units to be coupled to the bus as if they were on
chip.

' The internal gleobal bus 416 is 96 lines wide, and is
large as compared to the smaller number of lines for the video
and host interfaces. Thus, large amounts of data and

30 instructions can be moved quickly internally between the .
various specialized processing units.

The control unit 418 can be any type of control unit,
such as a standard nicroprogrammed control unit of the type in
a standard microprocessor. The advantages of the asynchronous,

35 parallel execution of instructions .are available in such a

system. However, additional efficiency can be obtained by

using a data flow control unit.
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machi nes at theldyﬂ lMHI§¥&|eve‘é§Hg video pre/post processor 528. The
15 processor 528 is connected to video memory 530, which in turn
is connected to the image coprocessor 410.
Separate graphics control can be provided through a
graphics control processor 532 and graphics memory 534
connected between CPU bus 512 and digital video control unit
20 522.
For motion video, a motion estimation coprocessor 538
can be added, along with a video prediction store memory 542.
Audio capabilities can be added with a microphone 544
and a speaker 546 connected to an audio conversion circuit S548.
25 aAn audio compression coprocessor 550 can be connected between
the embedded control processor 514 and the audio conversion
unit 548.
Fig. 6 illustrates in more detail the connection of
the image compression coprocessor 410 to the video memory 530
30 and the embedded coprocessor 514. Additionally shown is &
memory and bus control unit 612 which provides the refresh and
address signals for local memory 540. Additionally, Fig. 6
shows a CPU interface 614 foi connecting to CPU bus 512,
instead of having a connection directly through the control
35 processor 514 as suggested by the diagram of Fig. 5.
Returning to Fig. 4, communication over the internal
global bus of the image compression coprocessor is accomplished
by using packets or "tokens." Two types of tokens are used, 2
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20

conskkls 4 3522 fick diaF Ao cat+dR08its, and an additional
conpre33|on/deconpre55|on coprocessor 410 according to one enbodi nent of

the present *fnbPehei 6F. SCEPRGc &R - 410 interfaces with a host conputer
through a host |2 nterfgxh% maat][ﬁbm4i1H{@I\rTwés h@!_ié bufﬁe%ake\u{ @%dﬁfﬁﬂdﬁ:iz
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t he specifi o] ors an | rnal obal 0,
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di screte cosine ransf processor €s& units can
ei t her lse | Bamt b@aﬁmmmm,cmnaﬂmmm;ﬂdgtamhngddértquedﬁcalﬁ%d in

hardware. TyR-phRela$REG lt#%¥&#¥%§&{5é§ £pppgst between the host

interface and the interna
The 96 bit width of the token descriptor and each

vector data block corresponds to the 96 line width of the
internal global bus. The various fields of the token
20 descriptor are set forth in more detail in Table 1 below.

Table 1
Token Descriptor Format
25 Field Name Byte Bits Field Contents
type 0 7 Token type:

0 = control token
1 = data token

30 : 0 6 Reserved
nblocks .0 5:4 (Number of 8 by 8 data blocks)-
1 (valid only if type = 1)
comps 0 3:1 Components present in token:
000 = 1illegal
35 001 = component 0 only
010 = component 1 only
100 = component 2 only
011 = illegal
110 = components 1 and 2
20 101 = illegal
111 = components 0, 1, and 2
errflag 0 0 Error flag:
0 = no error
1 = error
45 1flag 1 7 Logical flag
= ,false

1 = .true



PCT/ USOA¥0Q46299354 unit 428. Conrocessor 410 al so i ncludes &

interface unit 430 for connecting to additipnal processing devices. In
addition, a test control unit 432 is provided for testing coprocessor 410.
5 mptybeoperation, coprocegsgr 410 wguld.gpenate.as. a slave to a
host m croprocéssor. The host nicroprocessorowoglg%ﬁggg an appropriate

program for conpression/ deconpression throug&ohgsgdﬂ@gyéeggg&@é%g@d run
l'ength processor 426 to control unit 418. ThgcantyQledid HruE t-t8en

operate $he 10 coprocessor under control of jhhe piRELARLLR I NG o EOADEESS
or deconpregfadai a provided thtoughsypdeo i npheandGe AkbPlcdriyaigh the host
i nterface. Ti'ﬁ;mgli fferent stepszin azegnpressiyalrQlcade GRIEIESSH Wodh€F i t hm
are performpdyy the appropriage preegssi ng HeairtizrH¥IeHRd ¢ tod heohntrnal
bus. These wmttza 15 can operate inyperall el candraly wirusdidountdhel
coprocessor driux functions in a way7tbat nigb@d@zdxnpﬂﬁﬁaggjébﬁﬁt@@rz on a
chip. Data iusdbiamsm tted backseand feat h bet pvadefiilRedint trVEibldeto
internal global bus as needed, with each of pRegi=eerasi ng units and the
control uni tsfiiedldugd hge @y bi trasi on 200 ci r culsical afrorcebatlarsn £ e whebt s o
send data or instructions over the bus. Afted3a4mogramis conpleted, the
host calf t hefiedatl( 30 n¥X} progfam The auxi | Saayl amtresshddes ufi¢ld30bats ows
expandability of the coprocessor by essentialloy3a@ | owi ng ot her specialized
25 processisfgaid¢31124be coupl ed 700t he buScadar rnemltverfield chbptsThe
internal global bus 416 is 96 lines w de, andli:24 arge as conpared to the

These are run length processor unit 426 and token interféce' 4/ 25935
Frasfipir,

smal | er nunifie}d (3hek6for the vi d@eo Scalar results field, bits
20 23:16 :
sfield(15:8) 10 7:0 Scalar results field, bits 15:8
sfield(7:0) 11 7:0 Scalar results field, bits 7:0

25 A control token is identified by type = 0 in its
token descriptor and consists of only its descriptor and no
other data. Control tokehs are used to convey booclean and/or
numeric scalar data between instructions. Common usages of
control tokens include the holding of memory addresses for

30 video memory read instructions and the holding of boolean data
which are used to gate program dataflow. :

A data token is identified by type = 1 in its token
descriptor and consists of its descriptor and one or more 64
word data blocks. Data tokens are primarily used to convey

35 numeric vectors of data between instructions. A data token
contains nblocks+l data blocks, up to a maximum of four. Each
data block contains 64 twelve bit words which are arranged in

an 8 row by 8 column configuration as shown in Table 2.

40 . Table 2

Formac of each data block:

Word(s) Contents
45
0 - 7 Row 0, Columns 0-7
8 - 15 Row 1, Columns 0-7
16 - 23 Row 2, Columns 0-7
24 - 31 Row 3, Columns 0-7
50 32 - 39 Row 4, .Columns 0-7



and host interfaces. Thus, |arge anounts of data and 30 I nstructions can
be novegod/ziosy |nternaIIy bet ween the various speci al i zedPRFBSEHEEHY
units. The control unit 418 can be any type of control unit, such as a
standard m croprogramed control unit of the type in a standard

m croprocessor. The agyvantages of the asynchroggyss,h32o1Rad |@l7 execution

of instructions are gwilape in such a systenkobb@evggidgxytdiﬁuﬂ
efficiency can be obtsgg nedsdpy using a data flonbgontr@blwﬁﬁs 0-7
PCT/ US94/ 04617 WO 94/ 25935 15 Fig. 5 illustrates one enbodi mrent of a system

into wg ch the i mage conpressi on coprocessor 410 of Fig. 4 could be used.

| mage CFWDFGSSI on COM@Q&}%‘l Ojuéléchié?c@é&lé@c'feﬂet Qofzeﬁpﬁemﬁliﬂ%ﬁmm@bb an
opti ona contro rocessor 514. tro rocessor 514 e
used to of E?&gg 5'51%‘”&%‘??]&1?1"}8%‘&% FB?SF&FF%%@% eas%cf%
functions mnoa&@omﬂem%@mm@mmuﬂﬁ@r sfichaaa Blfdaren meddimg.up a
Al t er nat el thIS can be done by the CPU itself. Local nenory 540 is on the

bus coupl e afs gﬁ% dtted processor 514. 10 Associated with the CPU are ROV
518 and® DRAM 520. AThgidldcks dm:h@tutplau@htaSﬂaldesx egrenehtmthdémare

orovi ded t§LERERS St IR D e AR R B CHOeE &0 Py oot
512 or fronmatWEdé:@!qwe/qnnnrmmressdﬂp 512@ thiﬂae tbmppmo&nm#%d o,
connected §9 &3@6@%%&&9 ghf ghy | TEA0BIREAE (#d%#é&f}x?]ﬁ@ﬂ?g to

coprocessor ‘41 e grap IcS con r tan € provi

gr aphi cs céRAWEsI W&mﬁﬁﬁﬁﬁNCQMEpm#mtgrmpm¢%@lngnﬁh?SESQfb@mﬁﬁﬁEHPQRH%E%%
CPU byg 5120apdndingid.al Ad dgpoePNif Oafét1, each bit of the three bit

comps field identifies whether or not its correspondingly
numbered component is present in the token. If the component
is present, the number and geometric configuration of the data
blocks making it up are revealed in the correspondingly

20 numbered CONFIG register in control unit 418. A component can
consist of 1, 2, or 4 data blocks. A CONFIG register contains
a number 0 through 3 indicating the configuration of data
blocks within its component; these configurations are shown in
Fig. 3G. No assumptions are made about the nature of

25 components; i.e. they may consist of (Y,U,V) data, (R,G,B)
data, or whatever.

The errflag field in Table 1 is set by the various
image compression coprocessor 410 (ICC) instructions to flag
the occurrence of errors encountered during instruction

30 execution. The logical state of the errflag bit in the
descriptor of each result token is checked by the ICC's
Dataflow Control Unit (DCU) 418, and if found to be true,
causes the DCU to shut down further program execution.

The mbtype field is intended to indicate the method

35 or "mode" to be used to either compress or decompress, as
appropriate, the data blocks associated with a data token.

When used in decoding applications, mbtype can be checked by
various ICC instructions to control program dataflow; when
encoding, mbtype can be used to indicate which mode was used to

40 compress the data in a data token.



20 5b22. For notion video, a nDtlon estlnatlon coprocessor 538 canﬁge
added, ﬁ%@mwgmgh a video prediction store nenory 542. AUdI&T 0Lt es
can be added with a mcrophone 544 and a spgaker 546 connected to an audio
conversion circuit 548. 25 An audi o conpressi on coprocessor 550 can be

connected between thergabgddad ¢0RLEOl DRSSO 514 and the' aUdPEG and
conversion unit 548. Fig. 6 1llustrates-in nore detail the_ conpection of
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Fig. 7. Bothoshtiooh)r dieddd daten mﬁeam-edsrm e wsedonespeativedyt aserow
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byt es. he contro oken s & toK descriptor w
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t ok d fs t
oKen escrfgg@ingog?ﬁsg&ﬁ rg%taﬂ%hg d P fﬁaééobsgé 8¢ #Ad 8Rtri and

addi tional 44 bits. scal ar ata to en I ncl udes_t he sane token
descri ptor, c3br2 SaﬁléédMNQ&ﬂﬁq3FQRn¥kﬂquR#@§$r§ﬁF§ 88 Rlagkg bl ocks

whi ch macroblocks, groups of blocks, and slices as needed in
algorithms implementing standards such as JPEG, Px64, and MPEG.

The cntril field also plays a special role in controlling

[
wn

program dataflow through the use of semaphore instructions.
The contents of the vpos, hpos, cntrl, and cntr2 fields are all
manipulated via token descriptor modification instructions.

20 The usages of the usrbits field are largely
undefined; the field is available to be used by the programmer
in a number of fashions. For example, in an application
implementing the Px64 standard, usrbits can be used to hold
mode bits such as "FIL" and "MC".

[ 3]
wn

Finally, sfield is used to hold basically three types
of scalar data, sfield(23:0) holds the 24 bir 2’'s complement
result produced by the ICC's MEANSQ, VAR and SUBVAL
instructions. A one bit boolean value can be stored in 1flag,
byte 1, bit 7 and read or written by several instructions
30 concerned with controlling program data flow. The third data
type, motion vectors, use all 44 bits of sfield. sfield(43:33)
holds the horizontal component of forward motion vectors while
sfield(32:22) holds the vertical component. For backward
motion vectors, sfield(21:11) holds the horizontal component
while sfield(10:0) holds the vertical component. The
resolution of forward or backward motion vectors can be either
full or half pel as indicated, respectively, by the FULLFMV and
FULLBMV flag registers in DCU 418.

W
w



contain vector data. The token descriptor in the data token will have a
control 9@54§§gbto indicate that it is a data token, and twpCBIUS84/0&dnt r ol
bits are set to indicate the nunber of vect%é dat a bIocks attached. The
scalar data field 15 may be enpty or ntain scalar data in addition

to the vector data in égﬁ.dgiaa % 5ﬁ£'€£ﬁ§nsTQ¢e9@J@Jé Sﬁ?*bﬁﬁcﬁfg AQ&?PY

descri ptor and each vector corresponds f
t he int er nalToRGbATIRAETe The hiperted| bhdtvef tybe tdkamits: ®Sdpiptor

are set 1ortiaddedy el 26| py o d A€ $108k0W1150% I oh TN DRI P Ol zacn
For mat 25 Fi el-d Nane Byt e Field contents type

0o 7 ContEfde KR rgq&l?é%tm 'Rerdar: shddea casiefiER token
0 6 5 requlasay @tk hLRgks plus (nblocﬁsw)?/‘b BAUs ((NUd”befncPic&Qé’

data bl ocks),- /1 (valjd only if type = 1) conps
Conponent s dﬂ&ﬁ%ﬁ*quY%ﬁkﬁp @g@h—rqmm@ggg 89 the nearest integer; half-
001 = conpomvaltued adundl@p . conponent 1 only 100 = conponent 2 only 011 =

illegal 110 = conponents 1 and 2 40 101
= illegal 111 = conpoﬁé%&sh%ad?:sa$%FZB%V$fP5§ stored on-chip ¥p the ICC

Error flag: m@monyyo erfis Icc StéPés 4D tofdlagf 128 headers knd 64 BAUs.

Logi caly o | ag19 sead P da wedlt'Scation of all headers and BaUs are
automatically handled by the ICC's Dataflow Control Unit (DCU)
whenever tokens are created or consumed by instructions.

ICC 410 uses 53 internal instructions. In accordance

with data flow techniques, these instructions are executed as

15 scon as the operands they need are available. Certain
instructions are designated for certain of the functional units
in Fig. 4. When an instruction is available for execution, it
is routed to the appropriate processor unit which handles that
instruction. Table 3 below sets forth a brief description of

20 each of the instructions, along with the functional unit which
will process it.

Table 3
. ICC Instruction Set Summary
2
Mnemonic Description
APU Processor
30
ADD Adds two data tokens and optionally clips the
result to the range [0,255].
ADDCON Adds constant to data token and ontlonally
clips result to the range [0,255].
35 CLIP Clips data token to fall within a spec1;1ed
range.
AVERAGE Adds together two data tokens and halves the
result.
SUBTRACT Subtracts two data tokens.
40 FILTER Performs Px64 loop filter on data token.
DPU_Processor
FDCT Performs forward DCT on data token.
45 IDCT Performs inverse DCT on data token.

QPU Processor
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A contrb? token is identifiedobyJPEpeatgorithm.s t oken descriptor and

consi sts of Qts descri pt Grmpuieso neane sQare Vet ¢if takkestade used
to convey bool ean and/ or nunefPEpsbgndr idadatgettm®n. nstructi ons. Conmon
usages of cdiftf ol tokens incl GamPRKeshyRiRGCS ofermslechitt caerponent 30n

vi deo nepory. read instructi on§2&adtekenhol di ng of bool ean data which are
used t o-dat & 0ot am dat af | onAdapts MPEG or Px64 quantizer based on

relative image activity.

DCU Processor

20 Scalar Insctructions
SUBVAL Subtracts two scalar wvalues.
CMPVAL Compares two scalar values.
TSTVAL Compares an unsigned scalar value against a
25 constant.
TSTDSCR Compares an arbitrary token descriptor field
against a constant.
TSTCNTR Compares a token descriptor counter field
against a constant.
30 BOOL Performs a logical operation on two boolean
scalar values.
COPY Copies all or part of a token.
CRTOKEN Creates a control token.
INCCNTR Unconditionally increments selected counter in
35 token descriptor.
CINCCNTR Conditionally increments selected counter in
token descriptor.
ADDCNTR Adds counters from two token descriptors.
COPYFLD Copies an arbitrary token descriptor field
40 from one token to another.
SETDSCR Unconditionally sets a token descriptor field
to a specified constant.
CSETDSCR Conditionally sets a token descriptor field to
a specified constant. '
45  SETQUANT Sets the token descriptor quantizer field to
the contents of a register.
DGATEl Gates token based on value of token descriptor
field in same token.
DGATE?2 Gates token based on value of token descriptor
50 _ field in another token.
CGATE Gates token based on value of token descriptor
counter field in same token.
MINIMAX Selects the minimum or maximum of two scalar
values.
55  GATE Gates token based on logical value of another
token.
FGATE Gates token based on state of global flag.



A data token is identified by type =1 in its token descriptor and consists
of its ¢ase4ipsor and one or nore 64 word data bl ocks. Dat aPEHRSPY04I .

primarily used to convey 35 nuneric vectors of data between instructions.

A data token contains nbl ocks+l data bl ockgp up to a maxi mum of four. Each

data bl ock contains 64 twelve bit words which are arranged in an 8 row by 8
colum configuration as shown i ngiabbgoze 4@scruc-:cas

-

Table 2 Format of each data bl ock: Word(s) Cont ent s
45 0 - 7 INITSEM IRAwiQl iGRlsuBshtent B of lSemaphore register.
Row 1, Col upgrss@M7 16 - 23 suspends dataflowRawitil Gedsked QegcPdptodl
Row 3, &olumms 0-7 50 field 3Atch3® masked semaphore. Row 4, Col ums
0-7 WO 91 PBOG5 Suspends dataflow until semaphoPE€TAES§#LA4617
40 - 47 Rowhan Cal waualO+d 4bnsteEnt, then decrementsRow
6, Columms 0-7 56 - 63 semaphore. Row 7, Columms 0-7 5 As was j ust

di scussed, If@SEMken descri phddss at woasftasitd th dthre ndontestsonfr 8l semphere
from dafa tokens, and the nblreghstersl d det erm nes the nunber of data

bl ocks maki ng up a data token. 10 The bl ocks making up a data

t oken are fYX¥hPrepessgrouped i nto conponents which are identified by the
conps field in the token descriptor. Up to three conponents (nunbered 0, 1,
and 2) can RB¥k$ st in a t okeReadist Haklao&Flekegorfinosh GrRAGKY t eONBREESRuRBer ed

conpondfts precedi ng those oVikegh&usnd®bdbedits mQmonents. As shown in
Table 1, eRPVESIMAf the t hr Beagst data token from memory connected to

video bus in 16 bit mode using forward motion
vector from token descriptor.

RDV16BMV Reads data token from memory connected to

20 video bus in 16 bit mode using backward motion
vector from token descriptor.

WRV16 Writes data token to memory connected to video
bus in 16 bit mode.

WRV16.S Writes data token to memory connected to video

25 bus in 16 bit mode and signals completion by
returning a control token.

RDV32 Reads data token from memory connected to
video bus in 32 bit mode.

RDV32FMV Reads data token from memory connected to

30 video bus in 32 bit mode using forward motion
vector from token descriptor.

RDV32BMV Reads data token from memory connected to
video bus in 32 bit mode using backward motion
vector from token descriptor.

35 WRV32 Writes data token to memory connected to video
bus in 32 bit mode.

WRV22.S Writes data token to memory connected to video .’

bus in 32 bit mode and signals completion by
returning a control token.

40
RPU Processor
RUNENC Zig-zags and run-codes data token into .
sequence of (run,level) pairs for transfer to
45 host processor; no output token is produced.
RUNENC.S Same as RUNENC, except produces output control
. token.
RUNDEC Run-decodes and inverse zig-zags sequence of
(run,level) pairs received from host and
50 creates data token from the result.
TIU Processor
SNOOP Copies token into SNOOP buffer for transfer to
55 host.

SNEAK Creates token from contents of SNEAK buffer.



conps field identifies whether or not its correspondi ngly nunbered
conponewo p4298sent in the token. |If the conponent is pres%‘ﬁ?’ps?%b“}?unber
and geonetric configuration of the data bE cks making it up are revealed in
the correspondingly 20 nunbered CONFIG régister in control unit 418. A
conponent can consist of 1, 2, or 4 data blocks. A CONFIG regi ster contains

a nunber 0 through 3pugdi GAldi) ddI Rl Y Sk 09 0badat Bzbkaeks within its
conponent; these configurations are showmi In Fig. 3G No_assunptions are
made about JPABTRETAPESofl 5% offfdHentd Appendifey ABRFREBRS SETETA-Y, U, V)
data, (R G B) data, or whatever. The errflag field in Table 1 is set by the

vari ous ingge conpressi on coprocessor 410 (1CC instructions to flag the
occurr énce=eP9EERSr s encountered during instruction 30 execution. The

| ogi cal state of thereqd fddgyhids idbidiestleser a8tQL a0k veaC Anseshidt ilcek &n duwp

checked by the |1 CC s Datafl ow Control Unit ch% 418, and.if faqund to be .
true, caugggaf’ﬁﬁ BROSE, "DatesofreTH 2 (%g? n?@?eéﬁ?i"&ﬁplﬁ#ynﬁfyp'e eir

field is idaeadedetrandadi cafipid iateidOivald approgeHetot priograkeddrmoiudeer
conpress oL _de ress,. as, appropriate, the_data bloc ssociated with a
Garn T okeneitneRovLEd o, Sl A0 b et T EAC S Beshiled SR RNEy by
vari ol® | C&rchitectiirens dldawsttind ITOgrandehivérovhenwesttremeddi ig.ghnbt ype

can be usegylg.Ladleal ¢ bl G (OAS YRS 1P Mk 01400 AIREERS S5 At 2

dat a t oken.
PCT/ US94/ Ogenrprogisiagysdgorfidtinl flexitetlity.to the 1 CC s MPEG and Px64

e 22 o aufon! il NRC dGHSdiaet bueteg SRS a et
Sini|ar|y,mggprngAaf@Mﬁynpsﬁmprocessor interface. After downloading,

15 the host enables the program for execution, whereupon
instructions execute automatically based on operand
availability. Instructions typically operate on packets or
"tokens" of image data obtained from either other instructions,
video memories or the host processor, and produce result

20 tokens.

The ICC instruction set is specifically designed to
handle the real-time compression algorithm programming
requirements of industry standards such as Px64 (also known as
H.261), MPEG, and baseline JPEG. ICC instructions are divided

25 into six classes: Arithmetic instructions perform operations
such as addition, subtraction, forward and inverse DCT
(discrete cosine transform), and forward and inverse
quantization; Logical instructions perform boolean and token
copying operations; Descriptor Modification instructions allow

30 descriptive information about a token to be altered:; Video .
Memory instructions transfer tokens of image data between the
IcC and video memories; Dataflow Control instructions control
the passing of tokens between instructions based on data- or
flag-dependent conditions; and Host Interface instructions

35 allow data to be flexibly transferred between the ICC and its
host processor.

The ICC and its host microprocessor cooperate jointly
during thé execution of an image compression algorithm. The
ICC is completely responsible for the execution of the program
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418. contention being resolved by a daisy-chained arbitration
scheme. The video interface is optimized for use with fast
page mode DRAM and/or VRAMs, supporting the functions of normal

20 read/write transfers, refresh, and additionally for VRAMs, SAM-
to-DRAM and DRAM-to-SAM transfers. The interface's 11 bit
address and 32 bit data busses can access an image of up to
4096 by 4096 pels and read or write a 16 by 16 pel block in
under 5 usec.

25 The ICC's auxiliary bus interface can be connected to
up to four external processor units. Auxiliary processors may :
be ‘connected to the ICC to provide additional functions not
supported by the ICC (such as motion estimation) or to
accelerate functions that already are supported. An example of

30 an auxiliary processor is a Motion Estimation Coprocessor -
(MEC) .

DATAFLOW CONTROL UNIT (Fig. 8)
The DCU 418 is responsible for scheduling the token
35 traffic between the various functional units and for executing

the DCU's scalar and semaphore instructions (see Table 3). The

controller is composed of four principal units. These units



VO 94/ 25935 | PCT/ USQ%&%@J«?@O
Control wnob4tss3s t okens are stored in on-chi p mMenory. Token %

allocated in two type of units: 96 bit head rs, and 16 by 96 bit bl ock
al location units (BAUs). Each control t oken“Fequi res one header, while each

data token 5, véeﬁﬂaéﬁé Qgg-hgager ‘p:' WS GBS A {42 &féﬁe( iL" chdbeat 8gs

I nt eger division Wth roundin e nearest 1nteger: half- val ues round
up). All head@F%”éﬂﬁeBWUétaﬁéﬁstGﬂédﬂmkaﬂnﬂ?mqrx ie@Hermory. The | CC

stores a total of 128 headersyant @‘izB%H%th Mo 1 porbh 0Hop8dcHeakikecaiiion

of all headers and BAUs are autonati cal ed by the | CC s Datafl ow
Control Uni tSEEE®R) CfhahdyvanstaRErs omse cﬂ&ﬁﬂﬂﬁ&ﬂl%%ﬁ§hﬁ%H°ByCPﬂ? ETESi ons.

| CC 410 gseseRdchblighNatiphAsk! UaitoRI 2 bR df‘i'é}edé\é.{:brdﬁ‘ianf iewtructions’
techni ques, these jnstructions are executed as 15 _soon as the oper.ands

they need ard@@vaFrhgsHées CHEMALRT MNEREIHUBHIheR Q%E?gﬁa eBTPEF3C&MFai n

of the functresatruakt &rénaEEQIa‘ﬁleV%emnﬁ’aﬂé\Sthﬁyﬁt8!22 a£savasl alelseohsasle

execution, it is routed.to tB@W Rro rlatecggoc ssor rp o%§

t hat |nstruc Pbn? ?aBF@l§gb§ 19ﬂﬁq? b7 e?eﬁig ?FS " each

of the instrerecandpnal ong with the functional unit which mnll process it.

Tabl e 3.1LLCC I nstructiop,Set. S noni c I | LW

Process&P 30 ADD g XR&H?EG?q%%f%§%%P?d%%%%eaﬁa op ?%%g%% %%g@% able

the result tbnsheucanges| @xr2obUpdate Unit 812 and holds them untll Global
Bus Interface Unit 816 is ready to process them. This

decouples the scheduling of instructions from their
distribution to the functional units allowing several
15 executable instructions to exist at one time.

The Global Bus Interface Unit 816 performs several
functions. Upon receiving a new instruction from Enabled
Instruction Queue 814, it either fetches the necessary tokens
from Token Memory Unit 810 and sends them along with the

20 instruction to the proper functional unit for execution, or if
the instructicn is a scalar or semaphore instruction, it
executes it and returns the result to Token Memory Unit 810.
When a functional unit finishes execution, Global Bus Interface
Unit 816 receives a result token (if any), forwards it to Token

25 Memory Unit 810, and notifies Update Unit 812 that the
lnStruct*on has completed processing.

Token Memory Unit 810 consists of four major parts:
Block Allocation Unit (BAU) Memory 818, Header Memory 820,
Token Address Memory 819, and Memory Allocation 822. The BAU

30 Memory 818 contains the data blocks from data tokens which have
completed processing and are waiting to be sent to functional
units. Header Memory 820 contains the token descriptor of each
data or control token. Token Address Memory 819 associates
BAUs in BAU Memory 818 with token descriptors in Header Memory

35 820 and also associates token descriptors with the instructions
which created them. Memory allocation 822 allocates memory
space in Header Memory 820 and BAU Memory 818 for new token
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10 Instructions must occupy a contiguous block of memory
within the instruction RAM beginning at address 0. In general,
instructions can be ordered in any fashion within this RaM
except that all CRTOKEN instrucﬁicns must be positioned

beginning at address 0 and must sequentially precede any other

}-
[§)]

type of instrucrtion.

Instructions can have opcodes that are executed by
the ICC 210 itself (X = 0) or by auxiliary (i.e., external)
pProcessors (X = 1) which are connected to the ICC's auxiliary
bus interface. The Auxiliary Interface Unit (AIU) 430 on the
20 ICC is responsible for managing up to four auxiliary processors
simultaneously. The least significant two bits of each six bit
external opcode are decoded by the AIU to select the
appropriate auxiliary processor.

In operation, for the ICC to do a compression or

N
m

decompression function, a program is loaded into the data flow
control unit Zrom an external host computer through the host '
interface. The program is stored in instruction memory 824 of
Fig. 8. The instructions are a series of instructions from
among those set forth in Appendix 1, and each has a format
30 among those set forth in Fig. 9.
An example of a decoder algorithm program is shown in
Fig. 10. Each of the blocks in Fig. 10 indicates the
particular instruction to be executed, and is set forth in data
flow format. Each instruction operates on all the data within
35 any operand tokens, or if no operand tokens are required, it
operates on data from some other source. For example, the
first instruction in Fig. 10, "RUNDEC", creates a result token

from data in the RPU's rate buffer which was placed there by
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15 Instructions are stored in Instruction RAM 824. The
addresses of the token operands (if any) needed to execute each
instruction as well as each instruction's operational status
are stored in Operand RAM 821 and Instruction Busy RAM 823 of
Update Unit 812 (see Fig. 11). When the operands of a

20 particular instruction in Instruction RAM 824 are ready as
indicated by the "operand present" bits in Operand RAM 821 (and
certain other ancillary conditions are satisfied), the
instruction is transferred by Update Unit 812 into Enabled
Instruction Queue 814 along with the operand addresses. The

25 instruction and related information are later read from Enabled
Instruction Queue 814 and forwarded to Global Bus Interface
Unit 81s.

Global bus interface 816 puts the instruction into a
processor packet as shown in Fig. 3E for transmission on the

30 global bus. The operand data associated with the instruction
is retrieved from Token Memory Unit 810 and assembled into
tokens using the descriptors from Header Memory 820 and the
vector data-itseif fron BAU Memory 818. Both the processor
packet and operand tokens are then sent by Global Bus Interface

35 Unit 816 to the processing unit responsible for executing the
instruction.

After a processing unit has processed the data as
directed by the instruction, result tokens are returned to DCU
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enabled instruction packet is assembled and sent to Enabled
Instruction Queue 814. An instruction is generally fired if
all the following conditions are met (some instructions only
require condition.3):
15 1. The processor it is to be issued to is idle.
2. There is not another instruction for the same
processor in Enabled Instruction Queue 814.
3. The instruction's '"busy bit" is not set in
Instruction Busy RAM. This means that the instruction is
20 not currently being executed and no results remain in
Token Memory Unit 810 from a previous execution of the
instruction.
All instructions which have been fired have their instruction
pusy bit set. This bit is not cleared until the result token
25 (1if any) created by the instruction has been used by all of its:_

destination instructions.

THE UPDATE UNIT (Fig. 11)

Update Unit 812 is primarily responsible for
30 initiating and terminating the execution of instructions on the
various functional units of the ICC. It is also responsible,
in conjunction with the Scalar Processor Unit within Global Bus
Interface Unit 816, for the execution of the so-called
semaphore instructions INITSEM, TSTSEM, INCSEM, and TSTDEC.
35 Update Unit 812 consists of the following major blocks:
1. Main Controller Block 1121
2. Host Bus Interface Block 1125
3. Instruction Enable Block 1113
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dat a-drj ven i nstruction
10 host processor uhrough internal host bus 413 during system
initialization.
Instruction Decode ROM 1111 is 11 bits wide by 128
words ldng. Instruction Enable Block 1113 addresses it using
the concatenation of an instruction's 6 bit OPCODE and 1 bit X
15 fields. Each word of the ROM has only a single bit set to "l"
which indicates which internal ICC functional unit or external
processor unit is required to execute the instruction. An
instruction whose X bit is set to "1I" is an "external"
instruction requiring execution by an off-chip functional unit
‘20 (i.e., a functional unit which is physically not part of the
ICC).
Operand RAM 821 is 21 bits wide by 128 vwords long and
has one word for every instruction in Instruction RAM 1118:
each word is formatted as shown in Fig. 3A and is set to zero
25 whenever the ICC is reset. The data stored in bits 20 through
16 of each word are used by Semaphore Instruction Block 1117
dufipg the execution of semaphore instructions. Bits 15
through 0 are used by Instruction Enable Block 1113 to
determine if all of the corresponding instruction's required
30 operand tokens (if any) currently reside in Token Memory Unit
810 and if so, what their addresses are in Token Address Memory
819 of Token Memory Unit 810.
Instruction Busy RaM 823 is 1 bit wide by 128 words
long and has one word for every Instruction in Instruction RAM
35 824. As in Operand RAM 821, each word in this RAM is set to
zero whenever the ICC is reset. If a word in this RAM is set
to "1", it indicates that one of the following conditions is
true:
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conpl et alsy reagmasbhbeahm'ﬂﬂtenﬁaﬂnﬁltnemﬁtdfwbtmognanICC's internal host
bus and other portions of the DCU which use them. The internal
host bus connects with Host Interface Unit 412 which allows the
external host processor controlling the ICC to access various
ICC registers and memories. Registers in this block include
20 the four semaphore registers SEMREG(0) through SEMREG(3), the
"last program address register" LASTADDR, component
cqnfiguration registers CONFIGO, CONFIGI, and CONFIG2, the
processor status register PSW, and the error status register
ERRSTAT. Host Bus Interface Block 1125 also interfaces the
25 internal host bus to Instruction RAM 824. _
Instruction Enable Block 1113 within Update Unit 812 ¢
is.responsible for "enabling" each instruction in Instruction
RAM 824 for execution at the appropriate time. Generally
speaking, an instruction is enabled for execution when it
30 satisfies all of the following "enabling" conditions:
1. All of its required operand tokens (if any)
reside in Token Memory Unit 810.
2. The instruction's corresponding entry in
Instruction Busy RAM 823 is 0.
35 3. Any special enabling conditions required by the
instruction are satisfied.
Instruction Enable Block 1113 tests Condition (1) for

a given instruction by examining the instruction's "number of
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Motion gstinggign SopreheghoInstruction Enable Block 1113 then attempts to
put into Enabled Instruction Queue 814. This attempt is
generally successful if all of the following "queuing"
conditions are true:

1. The functional unit required to execute the

20 instruction is idle. |

2. Enabled Instruction Queue 814 does not currently

contain the enabled instruction packet from another
instruction requiring the same functional unit as the.
incoming instruction.

25 3. Enabled Instruction Queue 814 is not full.

The DCU instructions listed in Table 3 are an
eXéePtion; they only require that Condition (3) above be
satisfied before they are put into Enabled Instruction Queue
814. ' _

30 The address of the instruction currently being °
examined by Instruction Enable Block 1113 for enabling is
normally given by the contents of the 7 bit "enabled
instruction counter" (en_counter): in some circumstances, this
address is instead provided by Instruction Update Block 1123.

35 The en_counter is reset to zero when the ICC is reset. The
en_counter continually increments by "1" (even while
Instruction Enable Block 1113 is not running) until its



(MEC). DATAFLOW CONTROL UNIT (Fig. 8) The DCU 418 is responsible for
schedul ivpg oshsessoken 35 traffic between the various funct i EEANUIKOE7 and .
for executing the DCU s scal ar and semaphore instructions (see Table 3).
The controller is composed of four principdf units. These units
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816, and Tokenwhbahbr polinitt i&lGesdudatte Wrirdo & condrusointyenenittiogs athdan.
execution state of allL_instructions. en..an..i ction coppletes
execution, Update Uni t08 4;55Pb%%ﬁFﬁkﬂg§f¥ﬂﬁgﬁ%%yi%ﬁ%?u%t?gkseaﬁ§gge
schedul es thEpelbdneexecenaml eiestdaics iamd ot essibg thedur emsbied
avai | abke. Uni [SO..S r Qnsi pl 1<) rQ t fir
portionkof égna 'Sngbngé%ﬁ%F%o&n%fb?%%%;$éaf§§£§ug“iég ah%ﬁg E§§5|§§Eh

| nst ruct i onPIP@lenglstrgeeiress izesc wnEblprdaesserct ¢ boskf Fone¥pdate - Uniln &he

and hol ds thepatntibeafighaledlua | HLRRLAGR (N tx 8000 b Sp162KY1193PLACERS che

them This decoup 1e schedul’i ng o tructions fromtheir distribution
to the functrbnal enabPldngl condif ionse palevidusieciiagnesedst r §hei SaFstotwo

exi st at OnGohdiBionleaFokfle Ry IFARCISRAGS, UNdtB16t POAL ORBRTRYE! @k this
functions. Upon receiving a new instruction from Enabled Instruction Queue
814, it%itFe?f9¢fet CABECHRL ROEPIdATy e i ansm ABR eFRRERBHY OBAYt £8T0 and

sends t hem eRTOREN, t RUNDECZ0 andnSINEAK 11 trtadthEoRs OPeA gRehloeal "ehkblleor
executi on, if the instruction is a scalar oy senﬁ§E0£§§lgstr cti.on
t 0:

or it
execut es i tPBhdtFePBENECt hd"r duRn PRERNe F 9B ST igpE,pipeline
functional sta¢efwheshan @xettiuctionGpletleusil nberivsefirst stage

enabling conditions.

15 " The CRTOKEN instruction is unigue in that each
instance of it in a program can only execute once. The CRTOKEN
instruction does not have an operand token, and its purpose is
to create a single token when a program is started so as to
"bootstrap" the executidn of the rest of the program. To

20 implement this behavior, Instruction Enable Block 1113 contains

' a special 1 bit register, and the first pipeline stage of
Instruction Enable Block 1113 will not enable a CRTOKEN
instruction unless this register is set to zero. This register
is set to zero whenever the ICC is reset; it is set to "1" the

25 first time Instruction Enable Block 1113 tries to enable an
instruction which is not a CRTOKEN instruction and remains set
to "1" until the ICC is reset again. A program may contain up
to three CRTOKEN instructions, and all of them must be
successively located in Instruction RAM 824 starting at address

30 0.

Like CRTOKEN, the RUNDEC and SNEAK instructions do
not have operand tokens. RUNDEC is executed by the ICC's Run
Length Processor Unit (RPU). To enable RUNDEC, Instruction
Enable Block 1113 checks a status signal which is asserted by

35 the RPU when the RPU's input FIFO is not empty. Similarly, to

. enable SNEAK, Instruction Enable Block 1113 checks a status
signal which is asserted by the Token Interface Unit (TIU) when



Unit 816 receives a result token -(if any), forwards it to Token 25 . Menory
Unit 81{io syrskomoti fies Update Unit 812 that the instructi ori[’%gs%‘#ﬁpet_ ed
processing. Token Menory Unit 810 consists Qf four ‘major parts: Bl ock

Al location Unit (BAU) Menory 818, Header Meidry 820, Token Address Menory

819, and Nerpiy fH05aLign,822. Tug BAUAI0 ey 818 S0t abRan! heofiatae

bl ocks from okens | ve “conpl edﬂprpce53|ng and are waiting to
be sent to fa@stiprafegaprs. Header Menory 820 contains the token

descriptor of each dat@,0L,ngE0 £ oken s g§gﬂ§§szﬁ@ﬂ9ﬁ¥t§@9 Enabl
associ ates BAUs in BAU‘RE%%%yg%%%hﬁi?ﬁsggﬁ%ﬁggg%c | ptors in Header annrf

35 820 and Bleekaiiddiatbs coreiadesnabiting apndithens nSPFueNPORs which

created ghe .&@ﬁp al atl ' ; JFRL0L Ye SPRECKEA, HagdareMemRr Y
820 and EAU%NEmryB%LTS b gﬁlﬁg‘\%@%@%&% R N

PCT/ US94/ 0465¥59% BWecANBHARS SoddiRiPns especdvedledndPusyl'| Bdht s set to
nmenory spacer@s @gat anapatrpan! regilswad igInalndiniddond Geipetinucktage whsndall
in an on-chig- 128 word by 40 bit instruction RAM 824 yhich isiloaded b%ﬁ
fhe host prodbsEBR SOBRiGAONS Ghegked £aX AT HISHEUSHHRR RREFrgUeo2ng ihe

| CC i nstruct iAsteaeYRbAS saeniabdlee iG FHrom\adttk beiirstnpbpetineesthgieolis also
differe?% forngtﬁ. The four formats are differentiated by the number of
dest i nat-Pon Ffi5t Flctfon addresses each can hol d: 3, 2, 1 or 0. 10

Instructions nust occupKoarcdmstguetidiadreofetesutygdnbyhthet #EU. To
or der od 1 1 aRJ-PAERPORVRLE A E AT s S Fa oP LD ORI ERERE RS, FIa
must be posi staned bégnadi mpismh dcdressrrahdyushesTgUewhenl thep TdPdge taken
ot her 15_ tyBQsQEnE”EhEQ@Eiqgiempty and ready to receive a new token. The
15 token is provided by the SNOOP instruction's operand whose
existence was previously verified in the first pipeline stage.
‘ External instructions are passed to off-chip
functional units via the ICC's Auxiliary Processor Interface
Unit (AIU) shown in Fig. 24. The AIU is responsible for
20 communicating with up to four external processor chips, each of
which can contain up to four concurrent functional units. The
external processor chip needed to execute an external _
instruction is specified by the least significant 2 bits (bits
1 and 0) of the external instructions's 6 bit OPCODE field,
25 while the functional unit within the processor is specified by
bits 3 and 2 of OPCODE.
' The AIU contains External Instruction Status Table
2415, which is a 1 bit wide by 16 words long RAM. This RAM is
cleared whenever the ICC is reset and is read by Instruction
- 30 Enable Block 1113 to determine whether the off-chip functional
unit required to execute an external instruction is idle.
During the second pipeline stage, this RAM is addressed using
the least significant 4 bits of an external instruction's
OPCODE field. If this word is zero, the corresponding
35 functional unit within the corresponding external processor
chip is idle. If both the off-chip functional unit and the AIU
are idle, and the second queuing condition is satisfied, the
second pipeline's busy bit is set to "1".



| nstructions can have opcodes that are executed by the | CC 410 itself éx =
¢Tt ed,

0) or byvasisibicasy (i.e., external) processors (X = 1) whi chPGFEISeHMS
tothe ICC s auxiliary bus interface. The Auxjliary Interface Unit (AlU)
430 on the 20 | CC is responsible for mana 4hg up to four auxiliary

processors simultaneous]y. The least significan L.t i | t,.
external opcode are de?bdse%“aﬁ??‘?ﬁe: ﬁ%%&é%ﬁ@cﬁe%ﬁ% gb%?g%: i?aq’g'rbéfjlm %’ar?he
processor. | §oog@nss of dre ehetheQ €O slofauroapnepbicor geglsters and then

deconpressi o Is 1 s | 0ad [ e A hleOW Gy nit
froman ext e?ﬁfgﬁg%gsfgécc?}b%%gi taé;gr%%éhe?hggﬁog%e}:%?ér?g%e.tkfh\g pr ogﬁ girﬁu#js
stored in i nFEADES dmstemsrti@esl, dthei lptBer Thepy aBGEr gpEratd odr d s drkawed

of instructi Qagifir a0 | adi , a S a
format 30 am)nllt %d@s.e sgitg %éoh?at%%"?% F%%ég;éﬁﬁ%ggggﬁeéf a@%mw
al gorit hm pr éGS&FIcE ismevenabied . inothekirst phpebisekstrgeriage dptected

i ndi cates th@npahlel Gécdind PBigCind stydeagiesbtedo 3BRabhox@ Ir¥tdthdtion
data fl ow fohgﬁt Each instruction operates on all_the data within 35 any
oper and t okeR$O%Kr L1 7nd QFp SN 9% KePRA K LOR cGRPFEANT| ANGpBRZitddon dat a

from sone ot eeecatdlose. For exanple, the first instruction in Fig. 10,

" RUNDEC" t |t tok f ta_in th U t.e buff whi ch
\RUNDEC g CTeat es & regl tutoken L om dat arkprihg RRYsubai e st it
PCT/ US94/ 046 Iis2Zuictd dr0 B1 qul0 CEESOIs infley $888 thReUkembhpkere remizitdablieits

t he next instsrful_(étci og %%erat es, on that. token, and so on. Meanwhi | e h
te
ron caf<o H

. 1
RUNDEC i nst r 0€ N R YL L B LR FREF o CRPER o A 10 Jive by a

Any data bl othérdakinsgruprtdanh pasandtémkerWitik thanINESEMd ifustnmudision, it
processing UQﬁhseéﬁﬁygf“%ﬁ%“%héé?ﬂéﬁ%%ﬁcghrameters to the semaphore

15 reqister bits selected by two other instruction parameters: the
parameter selected for the addition is in turn determined by
the state of the most significant bit (bit 20) of the
instruction's corresponding word in Operand RAM 821. After
processing either INITSEM or INCSEM, Semaphore Instruction

20 Block 1117 sets its "semaphore busy" (sem bz) signal to "1"
back to Instruction Enable Block 1113.

In the case of the TSTDEC instruction, Semaphore

Instruction Block 1117 subtracts one of two instruction
parameters from the semaphore register bits selected by two

25 other instruction parameters; the parameter selected for the
subtraction is in turn determined by the state of the most
siénificant bit (bit 20) of the instruction's'corresponding
word in Operand RAM 821. If this difference is greater than or
equal to zero, the contents of the selected semapliore register

30 bits are replaced by the difference, and sem bz is set to "1".
_If the difference is less than zero, the selected semaphore
register is left unchanged, and sem bz is set to zero.

- Finally, in the case of the TSTSEM instructicn,

Semaphore Instruction Block 1117 selects semaphore register

35 bits using two instruction parameters, masks these bits using a
third parameter, and then compares them with the states of bit
19 through 16 of the instruction's corresponding word in
Operand RAM 821 after these bits have also been masked by the



into BAU Menory 818 of- Fig. 8 and stored in the vector fornat set forth in
Tabl e 2. wOh®#/258%&n descri ptor associated with each token is RGTURY/QIpL7

Header Menory 820. The format of the 10 token descriptor is set forth in
Table 1. -Token Address Menory 819 is witten with the address of -the
'nStrUCt'On*Hf%ﬁ'ﬁ@kéﬁ@té?kenlfndﬁggdbt Q?EE&an%éﬁ%ﬂk(Eﬁfhtﬁgﬁﬁh tE.m bz
nunber of BAUs storing the token's data blfocks and the addresses of t he

BAUs i n BAU ¥kritfy B18"11s if not, sem pgsipuSEtorr® &FStored in

| nstruction RAM 824. ibeeeddéﬁﬁsséref rhberheldbmomrads (17 eiyisneeded
to execute each instruction as well _as each instruction's operatjonal

st at us are5ﬁ§ﬁ?ﬂF?+P?p%r%ﬁﬁa§%®F82}n§hHuFhéPPucﬁhﬁ1ﬁ&EﬁPqVQﬁ%Q%lB? thagee

Unit 812s5(sest H:gsnﬁjc)na\heﬂnahﬁeosgbaﬁdiwh %e&% mﬁrmw ewlt nﬁéruaﬁeome
in Instructi on RAM 824 are ead¥ as i ndi cated t.he "og q%&%g ent" bits

in Operand RAMB2T tHhd*TeP BB-A<ot h'@PeaEEFFPa PYOHE 9 i &fied),
the instr ucltsemamtsore améerﬁedlgn Uﬁdakechla'ehh&yz thy & dziadt ezelrdadasﬁsuelt Uﬁag
Queue 814 a eran sses e structlon nd relate
i nf or mat i on §$§J Q é?%% £ E éﬂg 8°Fn§9 @F%ﬁﬁrdﬁ% %ﬁﬁ?%ﬁ 198 hdr 3EHT
to d.obal Buw IEnasbIedeInhtruatﬁoanubab bmg ;i rdher fSRIE zﬂﬂaﬁieputhetbemanhore
instrucijon j '%bﬂc e Kk r,t m ssi on on
t he 30 i%lobéﬂg us {E#ﬁe§§§érgﬁ§ §£F ag?@??g%%ﬁf gﬁh%ﬁﬁéglns §€2t|on i's
retrieved frigwtokepiornory Unit 810 and assenbled into tokens using the
descriptors from Headef, MefRI ¥n§2Q Q{lﬁ gSthﬁto%g Q?%(asﬂé léfffx‘?g{@é@t%on
packe t

Menory 818. Both the processor ens re t hen sent
d obal Bus |Enaeblf%lc%l%kLmlﬁsslshgothhcdpmmmg:qut#%pbﬁs%e@ke@r is
executing th%'Eﬁér§€ét@”ofAEhErbﬁsgrﬁiﬂsgk@%'EHé éEEbﬂHEFEﬁéfﬂnéhthéba
as dlrected q¥ the instruction, resul-t tokens are returne
15 Enabled Instruction Queue 814 is not full and the pipeline
busy bit is set to "1", an enabled instruction packet is

created for the instruction and set to Enabled Instruction

Queue 814, and the instruction's corresponding'word in
Instruction Busy RAM is set to "1". If either Enable

20 Instruction Queue 814 is full or the pipeline busy bit is set
to zero, neither of the latter events takes place.

Instruction Update Block 1123 is activated whenever
the "clear busy" (cl_bz) or "load result packet" (1d_res_pac)
signal is asserted to Main Controller Block 1121 by Token

25 Memory'Unit 810 or Global Bus Interface Unit 816, respectively.
These signals cannot be simultaneously asserted. The cl_bz
siénal is asserted whenever a token usage count in Header Use
Memory 1411 of Token Memory Unit 810 decrements to zero,
indicating that the associated token is no longer needed by any

30 instruction. In addition to asserting cl_bz, Token Memory Unit
810 also sends Instruction Update Block 1123 the address of the
instruction which created the token; it reads this address from
the seven most significant bits of the token's word in Token
Address Memory 819. Instruction Update Block 1123 then sets

35 the word at that address in Instruction Busy RAM 823 to zero,
thereby allowing the corresponding instruction to be enabled
again sometime in the future by Instruction Enable Block 1113.
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their i str B 5RS ngy qk%ﬁﬂls'ﬁﬁQFtﬂYe¥§3%%?m€I@HFeﬁlénF 0% (%he
t oken 25 Cubdanﬁ)n@gﬁﬁhﬁiinwiﬁhinrEﬁgtKﬁ¢fmoha8pHae§ B3edxby 123l lts
destination instructiq$§% i;g? UPDATE UNI T Updat

( Fl "
primarily responsible TR ST I3 ge?ﬁ? BPPHAS hgyéfggﬁﬁ%ﬁ1
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15 cases are possible: either the instruction is guaranteed to

never produce a result token because its ND field is zero
(instructions in this category are RUNENC, SNOOP, WRV16, and
WRV32) or it sometimes produces a result tokeh (instructions in
this category are the scalar instructions CGATE, DGATE1,

20 DGATE2, FGATE, and GATE). In either case, Instruction Update
Block 1123 extracts the address of the terminating instruction

from the update register and sets the word at that location in
Instruction Busy Memory 823 to zero. Since Token Memory Unit
810 never asserts the cl_bz signal for instructions which don't
25 produce a result token, the latter operation is necessary to
allow such instructions to be enabled again by Instruction
Enable Block 1113.
When 1d_res pac is asserted and no_update is not,
Instruction Update Block 1123 loads its "update counter" with
30 the instruction's "number of destinations" field (ND) from the
result packet, and starts the update state machine. The '
process of modifying Operand Memory 821 requires three clock
cycles per destination, and each destination is processed in
turn. During the first clock cycle, Operand Memory 821 is read
35 at the location selected by the 7 bit "instruction address"”
portion of the appropriate destination field within the update
register, and the fetched 21 bit word is stored in three
registers; the 5 bit semaphore field is stored in a "semaphore



Interface Unlt 816, for the execution-of the so-called éena hor e
i NSt r uciiposamshasl TSEM TSTSEM | NCSEM and TSTDEC. 35 Updatf€TRY04613

consists of the.follow ng major bl ocks: ~9 Main Controller Block 1121 2.
Host Bus Interface Bl ock 1125 3. Instrucglon Enabl e Bl ock 1113 WO
94/ 25935
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Semaphor e Ins?ructlo nstruction date Bl ock 1123
| nst ructi onsRAMRE824n7an "Hm%ﬂamﬁ|&ﬂ¢n§§§xﬁFQ¥§$QHll spuring the segona

Cper and RAVEB24i0cyc1bIskio R BisniRAMAAS 1§ netg HotanopaMhdl ddizedd

bits wide by 128 wor | ong; each word contains a Sing | OC instruction
fornatted a§e§hﬁﬁﬁ-|ﬁe¢ﬁ§t39 bﬂﬂ??ﬁ%ﬂthFt%&ﬁ%%ﬁW@ $%®ﬂ%ﬁ b§ORR18R: 8fn&re
10 hosg pr@ﬁssaghbhéowad Istastadutei delSi shyr FDgLGYEEeBRL to "1" to
initialization nstruction Deco ROM 1111 js 11 bj

| ong. | nstr#BEFEATENS HﬂéqﬂnﬂﬂPPEEE?Q&&M@E%&%F??tu%%%ﬁl¥%ﬁaeﬁn3a£éﬁét|%ﬁ of

an instr ucttnmsSsﬁm@ redieddy aie h&ﬂdec%vﬂ-ﬁthftl@é dsves@thamrés@:r" thie 10V
has only a % le bit set to "1" which |nd|cates i ot rn al, Efﬁ33d

‘Functi onal Sheexpsata ﬁﬁQiﬁiﬁﬁﬁ ?%??E%%F?eﬁegbs f&cdfe
i nstructi onwifh the! hdeid eigricNiechthis b:st§efrchm ﬂﬁé update" eegdistalr’.

R L R
i.s 21 bits wedésher] 2fdveratsh |ahdndWvaopeaeandr sdfvessyregistemsu@den in
lnStrUCtionwgéykagi%éck to Operand Memory 821 at the same location they
were read from. The update counter is decremented by "1" each
time a destination is processed: when this counter is zero,
15 Instruction Update Block 1123 is deactivated, and Main
Controller Block 1121 restarts Instruction Enable Block 1113.
The address of the last destination instruction (if
any) processed by Instruction Update Biock 1123 is passed to
Instruction Enable Block 1113 when it is restarted, and this
20 instruction is the first one Instruction Enable Block 1113
attempts to enable; however, the instruction's address is not
loaded intoc the enable instruction counter, en_counter.
Thereafter, until the next time it is suspended in favor of
Instruction Update Block 1123, Instruction Enable Block 1113
25 reverts to using en_counter as the source of instruction
addresses.
THE ENABLED INSTRUCTION EUE (Fig. 12):
Enabled Instruction Queue 814 (the "Queue"), shown in
30 more detail in Fig. 12, serves as a memory buffer between:
Update Unit 812 and Global Bus Interface Unit 816. It is
needed because several instructions can be enabled by Update
Unit 812 in the time it typically takes for Global Bus
Interface Unit 816 to dispatch instructions and operand tokens
35 to functional units. Update Unit 812 strictly writes to the
Queue, and Global Bus Interface Unit 816 strictly reads from
it. The Queue consists of three primary blocks: FIFO Memory
1210, FIFO Control 1212, and Queue Status Block 1216.



each word is formatted as shown in Fig: 3A and is set to zero 25 whenever
the | CCWweo 9428935, The data stored in bits 20 through 16 of BCTEStI ar e -
used by Semaphore Instruction Block 1117 durjhg the execution of senmaphore
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Update Unit 812 when FIFO Memory 1210 is full, and asserts the
"load next instruction" (1d_nexc_inst) signal to Global Bus
15 Interface Unit 816 when this unit requests an enabled
instruction packet and FIFO Memory 1210 is not empty.
Before requesting a write, Update Unit 812 checks the
en_inst_full signal; if it is not asserted, Update Unit 812
then asserts the "load enabled instruction packet"
20 (1d_en_inst_pac) signal to the Queue. The Queue responds by
loading the enabled instruction packet from Update Unit 812

into the register of FIFO Memory 1210 selected by ld prr, and

1d otr is then incremented by "1". FIFO Control 1210 then
asserts en_inst_full if FIFO Memory 1210 is now full.
25 Global Bus Interface Unit 816 requests an enabled

instruction packet from the Queue by asserting the "read next
instruction® (rd_next_inst) signal. When FIFO Memory 1210 is
not empty, the Queue then responds by asserting the .
ld_next_inst signal and outputting the register in FIFO Memory
3C 1210 selected by rd prr onto Global Bus 416; rd ptr
is then incremented, and the state machine inside FIFO Control
1212 checks to see if FIFO Memory 1210 is now empty.
Queue Status Block 1216 continually monitors which
functional units have instructions in the Queue, and reports
35 this information to Update Unit 812 via the 11 bit “queue
status" (unic_g stat) output signal. A bit is set to "1" in
unic_g stat whenever the Queue contains an instruction to be
executed by the functional unit corresponding to that bit
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| 15 the other three blocks should be active. Of the first three
blocks, only one can be active at a time. Preference is given
to the Instruction Composer 1312 and Scalar Processor Unit 1314
since these blocks tend to empty token memory. If either of
these blocks is not functioning and there is a request for
20 Global Bus arbitration, the Bus Arbiter 1310 will function.
The process of a non-SPU instruction completing
execution and sending its result token (if any) back to DCU 418
begins with the functional unit of each such instruction
asserting its "arbiter request" signal (arb_request) to Main
25 Controller 1322. Main Controller 1322 subsequently signals Bus
Arbiter 1310 which starts incrementing its arbiter grant
counter (arb_grant_counc). Each state of this counter
corresponds to a functional unit. When this ‘counter's state

matches a functional unit requesting service, the counter stops

30 and remains at that state until the next time Main Controller
1322 signals Bus Arbiter 1310 to respond to another functional
unit. This mechanism ensures that each functional unit has
equal access to Global Bus 416. Bus Arbiter 1310 then requests
the matching functional unit to send a processor packet by

35 asserting the unit's "send processor packet" signal
(proc_pac_ld out) and then waiting for the unit to respond bY
asserting both the "processor packet ready" signal -
(proc_packet_ready) and the processor packet itself on Global
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not running)thmtfinctsonal unit deasserting data_ready, and Bus Arbiter
1310 subsequently deasserts arb_granc.

15 Bus Arbiter 1310 also forms a "result packet" from
the processor packet sent by the functional unit and sends it
to Update Unit 812. The result packet is formatted as shown in
'Fig. 3B and consists of the address of the instruction
finishing execution, the storage address of the token in Token

20 Memory Unit 810, and bits 3:0 of the cntrl field and bit 1 of
_the nblocks field from the result token's token descriptor; the
five latter bits are used by Update Unit 812 in executing
‘TSTSEM and TSTDEC semaphore instructions.

The transfer of tokens out of the controller is

25 accomplished by the Instruction Composer 1312. The Main
Controller begins by asserting the "read next instruction®
signal (rd_next_inst) to enable Instruction Queue 814. .

When Enabled Instruction Queue 814 is ready to output
a2 new instruction, it asserts the "load next instruction®

30 signal (1d_nexc_inst) to Main Controller 1322, and the
instruction's enabled instruction packet is loaded into
Instruction Packet Register 1320. Main Controller 1322 then
asserts "compose" to Instruction Composer 1312 and SPU 1314,
and these units examine the "instruction decode ROM" field of

35 Instruction Packet Register 1320 to determine which functional
unit is required to execute the instructien.

If the instruction is not to be executed by Scalar
Processor Unit 1314, Instruction Composer 1312 is activated.
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the ICC s Rullnstruction Packet Register 1320. If no operands are regquired,
Instruction Composer 1312 simply creates a processor packet in
the format shown in Fig. 3E from the contents of Instruction
Packet Register 1320 and asserts it onto Global Bus 416 along

20 with the "data ready" (data_ready) and "load processor packet”
(proc_pac_ld) signals. At the same time, both read_cac and
send_cnt increment to the value "1". On the next clock edge,
both of the latter counters are set to zero, and Instruction
Composer 1312 signals Main Controller 1322_ that it is finished

25 Dby deasserting. composexr_busy. | '

If one or two token operands are required,
Instruction Composer 1312 asserts the "read data memory"
(read_dmem) signal to Token Memory Unit 810, extracts the
address for the first operand from Instruction Packet Register

30 1320, and sends it to Token Memory Unit 810 via bus dmem addr:
read_cac also increments to the value "1" on the next rising
clock edge. Token Memory Unit 810 then takes the next two
clock periods to fead the token header at the specified
address, and read_cnt increments on each rising clock edge.

35 When read_cnt is "3", the token header is present in a
register, and Instruction Composer 1312 uses it to determine
whether the token is a data token, and if it is, the number of
data blocks the token has stored in Token Memory Unit 810. The
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15° finished at this point: otherwise, Token Memory Unit 810 reads
the token's data blocks from the token's Block Allocation Units
and sends them to the functional unit over Global Bus 416. The
send cat counter increments with each word transferred.

If the instruction only requires one operand token,

20 the read_cnt counter remains at the value "5%" until send_cnt
equals (num_blocks x 8) + 2. During this clock cycle, the last
word is being transferred and read_cnt is set to zero; during
the next clock cycle, data_ready is deasserted, and instruction
Composer 1312 goes jidle.

25 Otherwise, if the instruction requires a second
operand as well, read_cnc lncrements to the value "6" during
the clock cycle in which send_cnt equals (num_blocks x 8) - 1.
During the next clock cycle, while read_cnt ‘'is "6", Instruction
Composer 1312 requests Token Memory Unit 810 to start reading

30 the second operand token, beginning with its header. This
request is made two clock cycles before the last word of the
first operand is output by Token Memory Unit 810 to compensate
for memory pipeline delays and to ensure that the last data
word of the first operand is immediately followed by the token

35 descriptor of the second operand on Global Bus 416. The
read_cnt counter has the values "7" and "8", respectively,
during thg transfers of the last two words of the first
operand. During the clock cycle in which read_cnt is "9",
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15 dgcoding a scalar or semaphore instruction. When this occurs,
the SPU responds to Main Controller 1322 with the "scalar busy"
(scalar_busy) signal.

The SPU executes the instruction in three phases. In

the first phase, the instruction is decoded and any required

20 token operands are read from Tcken Memory unit 810 (the "TMU"}.
Only token descriptors are actually read and operated upon by
the SPU, since the SPU is incapable of modifying the contents
of BAUs within operand tokens. If the instruction has one or
two operand tokens, the SPU requests each of them in turn from

25 the TMU by putting the token's address onto the 7 kit dmem_addr
bus and asserting the "read descrlptor" (read_descr) signal.

In the second phase, the instruction is executed, the

result token (if any) is sent to the TMU, and a result packet
is sent to Update Unit 812. If the SPU needs to operate on the

30 contents of the token descriptors, it extracts the descriptor
fields required by the instruction being executed, and sends
both them and a function code to a 25 bit wide ALU. The ALU
then performs the function (addition, subtraction, Boolean, or
comparison), and uses the output to form the result token's

35 token descriptor, if one is required. In some cases, (e.g.,
the DGATEl instruction), the SPU uses the output from the ALU
to decide whether or not to create a result toxen. The -SPU |
then signals the TMU by asserting the "load scalar packet"
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decreasing the loading on Global Bus 416. Finally, the
discard_operand bit is set if the SPU does not wish the TMU %o
create any result token.
In the third and final phase, the SPU sends a result
20 packet to Update Unit 812 and also asserts the no_update signal
if no result token was generated. The scalar_busy signal is

also deasserted to Main Controller 1322.

THE DATA TOKEN MEMORY UNIT (Fig. 14
25 | Token Memory Unit 810 (the "TMU") allocates,

deallocates, reads and writes memory space for tokens resulting : .

from instruction executions. The principal blocks of this unit
pictured in Fig. 14 are: Memory Control 1414, Header Memory
820, BAU Memory 818, Token Address Memory 819, Header Stack

30 1416, BAU Stack 1418, Header Use_Hemory 1411, and BAU Use’
Memory 822.

Token Memory Unit 810 can accommodate a total of 128

control or data tokens. Header Memory 820 is 96 bits wide by
128 words long, and each word may store the 96 bit token

35 descriptor for exactly one token. The data block portions of
data tokens are stored in Block Allocation Units (BAUS) within
BAU Memory 818. Each BAU can store up to two 8 word by 96 bit
data blocks, and BAU Memory 818 can store up to 64 BAUs. When
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15 current implementation of BAU Memory 818 stores only 64 BAUs.
Header Stack 1416 is a 7 bits wide by 128 words long
last in - first out (LIFO) memory which stores the addresses of
token descriptors in Header Memory 820 currently available for
assignment to new tokens. The address of the word currently at
20 the "top" of the LIFO memory is given by the contents of a 7
bit header stack pointer register (header_stack_ptr), and the
contents of the word pointed at by header_stack_ptr is also
~stored in the header allocation address register
) (header_alloc_addr). When ICC 410 is initially reset, each of
25 the 128 words in Header Stack 1416 is written with a value
corresponding to its address: e.g., the word at address 67 is
written with the value "67". The header_ stack_ptr and
header alloc_addr registers are also both initialized to zero.
BAU Stack 1418 is another 7 bits wide by 128 words
30 long last in - first out (LIFO) memory which stores the
addresses of BAUs in BAU Memory 818 currently available for
assignment to new tokens. Like the BAU address fields in Token
Address Memory 819, BAU Stack 1418 is sized to accommodate up
to 128 BAUs. The address of the word currently at the "top" of
35 the LIFO memory is given by the contents of a 7 bit BAU stack
pointer register (BAU_stack_ctr), and the contents of the word
pointed at by BAU_stack_ptr is alsc stored in the BAU
allocation address register (BAU_ alloc_addr). When ICC 410 is



WO 94/ 25935 36 The 1d_res_pac signal is asserted by Bus Arbiter 1310 within
d obal Bw® 94125035 ace 816 whenever it has a "result packet" rRCRIYSI¥MEH7an .
instruction finishing execution and causes Nain Controller Block 1121 to
suspend Instruction Enable 5 BlocK 1113 and activate Instruction Update

Bl ock 1123. Thet341bit reasy t frekels ithd armt sigh g9 4 d
is normally usegEix ?nstructlon Updat e Blgggpf%ggd?olﬁngﬂﬂ b?ﬁgk?%cgﬁlz% I n

Qper and anDV§l c8FFEs&oMﬁ¥ﬂf199§§%§PQR%ﬁ¢%a§¢ohbﬁnéﬂﬂﬁ@ﬁﬁon ghet he

i nstruction BAUI sheeg execundoBAll @1ibe dassl teppsketsi 8reehl sV ebef obal
Bus 416 and §£9£§Q in_t.he "updateTegisfer" within Instructlon Updat e Bl ock
1123. The | d_Fes ﬁééeg gﬁaF%FQ ‘acconpani ed by another "no update" signal

(no updafe) whi ch whenHaagert ede M@ﬁdﬁ%fxiﬂﬂﬁ&st?eb1€§”WﬂaE|Bg ua%theehgon
Two .15 cases are possible: either the

does not havg rggal# token.
i nstruction |sﬁ%uaran 384°05 HEFAE Lo RRTe GPT tOF oRBRapELkERe | £ A
fieldis zer%s%ﬁnbYrﬂokennMemnryhUmlcama@ombzﬂetéiﬁ&ﬁ@iwﬁ%EfB twﬁyﬁﬁhagnd
VWRV32) or it h radu t ok jnstructions in
cat egory areb?ﬁﬁgs%gﬁé Bﬁﬁst% FE %g&ﬁ§ éﬁﬁ_ tign EﬁﬁﬁEECtFéﬁ?ElnaﬁB
GATE). In ef¢hepregxan. |nsachcﬂpaatwpahatc@zﬂmktrﬂé_zﬁumeraafsmabemddieag
of the ierm fatiRng S n pdat e. regi st er ets_the.wo

X Ite é Uekall vh %1 E%gﬁ 5 e%"z‘é?% éangé‘?Bk%ﬂdwéﬁory

at that location,in ctlon
Unit 810 nev%ﬂl%%%%%%édtwétblabEOQVgnélth@’Wnumbemtmﬁn&eabnnhtdonsv 28D)

produce a residldtoken, thaetbﬁtehe% e&%&%ﬁh |on %ﬁfﬁfé@ ch ?&1g‘ﬁn§\hege

I nstructions,too be enabled again by Instru
Id_res pac i tOXRRHMEBATXnHNAS 8pQasends ﬁoftONQTStﬂrQuch'@meUpuaserCblmn1123

| oads |ts'anh§65£ﬂuﬂﬁﬂﬁ"ofﬂEEaiQr b?%cb@gafﬂﬂdf¥‘ 31 @UE@EVEQE as an

destlnai ons" fleld ND) fromthe result packet, and starts t date

state nachlne SRC ?EeQEeBPnﬁmdFFyPﬁ&na&ﬁﬂﬁﬁjq%ﬁnﬁ®k%@15réHEFGESC?HBEé in

cl ock Header Use Memory 1411. When this count is zero, the token is
no longer needed by any instructions, and it is deallocated
- from Header Memory 820.
BAU Use Memory 822 is 4 bits wide by 128 words long
20 and has one location per BAU. Like BAU Stack 1418, it is sized
to accommodate up to 128 BAUs, even though the current.
implementation of BAU Memory 818 only contains 64 BAUs. This
memory exists because it is possible for more than one token to
be associated with the same BAU, and each location in the
25 memory counts the number of tokens which still reference the
corresponding BAU. The situation of multiple tokens
referencing the same BAU arises when ICC instructions which are
processed by Scalar Processor Unit 1314 (the "SPU") within
Global Bus Interface Unit 816. Each SPU instruction always
30 either discards the data blocks associated with data token
operands or copies them to its result token. However, data
block copying is not done by physically moving data, but rather
by setting the result token's BAU address fields in Token
Address Memory 819 to be the same as the BAU address fields of
35 the appropriate operand token. Each time a scalar instruction
creates a result token which references one or two BAUs, the
corresponding "usage counts" in BAU Use Memory 822 are
incremented. tikewise, whenever a token is deallocated, its



cycl es per destination, and each desti-nation is processed in turn. During
the fir swocddesiascycl e, Operand Menory 821 is read 35 at th@POTHEHRH{03HT
selected by the 7 bit "instruction address” gortlon of the appropriate
destination field within the update reglster and the fetched 21 bit ‘word

is stored l%éf&@@oéﬁaiﬁgebﬁu UBRe2 Ridunte B0 fediShehisa St ORREnI B Bay's
"semaphore WO 94/
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bit "operand sel ect” pSREPRofigPalhéus, L&ﬁ%ﬁﬁ§9§ﬂQF%ﬁmﬁ&§aW%ﬁl%tE?SU1“ token

dest i ?atSOn frmhdamSlﬁetrhet &n b&elc&d:ll%t e (ORI S Pregenigyri t8egheast
si gni ficant

ﬁﬁp é% { iane regi ster are Ioaded with the "result

address” fiel'dr +707 ﬁlﬁﬁa t &9 dgReNetlenery Hdp Y- r HFERERT SPFd3BeEC

¥Mth| t hfa ”Eﬁemmfthantotﬁehl ARE| Ei?.ﬁﬂe&% qmmh veuéaﬂd;ﬁgt'r G:UnlﬂgSllﬁ)U‘ﬁbn?l%Béate
i nal cloc on e .semaphore register_and each o

t Wo operamj%g%#%s€$$eb dte F@keﬂrF9§QFQE%ﬂPtQF$§E§ REFANDY §§1M3P°ry

the same | ocAntrel hiyleeleaddng fthemcur‘r'lmwpﬂﬁﬁfemwrrbﬁrneadé.e_gaemeat addr

by "1" ch estimat| | roces when this co roi erg

I nstrucflgon %t)%%t% |§C’EQ? g?{ae B @g i g?'g ssachF’%?% %oﬁ?%%f’-l—%? oeR) and

1121 rest ar t35§9%5%ingt the FhebderBrddlocated. shignalddresHeader hgtaakt 1415. :

destination 1Mstddisdhes, (E ag@é) R Q! e?.%‘}% %d{ﬁ?t "G OY éP:g‘:ﬁ‘t ft?' E%‘%“Z?’

na i's

i s passed to Instructlon Ioc I s restar
20  instrudi8RAFY b Yhéncrﬁsxsn@mql Readest jSHedEnante, @nkaqlehat cenpestSO

enabl e; howeyerthd herr@shemetd ogrs caddr %%%fe%é‘maﬁcﬁ ﬁ% %ﬁ@ecSHéQAEs
instrucfion counter, _encounter. Thereafter, unt il e next tine it Is
suspend i tHtR feafer_alloc_addr. If header stack otr ever overflows
(i.e., it "rolls over" from "127" to "0"), Header Stack 1416 is
full and an error signal is generated to another portion of DCU
418.
Next, a copy of the "number of destinations" (ND)
20 field of the instruction creating the result token is written
to Header Use Memory 1411 at the location pointed to by
‘dmem_addr reg, and the instruction's address is written to a
holding register. If the result token is a control token, the
holding register address is written to the "instruction
25 address" field and zero is written to the "number of BAUs"
field in Token Address Mémory 819 at the located pointed to by
dmém_addr;reg. '
If the result token is a data token, Memory Control
1414 allocates BAUs for the token by loading the current
30 contents of BAU alloc_addr into the 7 bit wide BAU address
register (BAU_addr _reg) and asserts the "BAU allocate" signal
to BAU Stack 14187 In response, BAU Stack 1418 "pops" a word
from its LIFO memory by incrementing BAU_stack_ptr, reading the
contents of the LIFO memory ét that address, and writing the
35 contents into BAU alloc_addr. The value "1" is written to BAU
Use Memory 822 at the located pointed at by BAU_addr reg. If
another BAU is required as indicated by the “number of blocks"
(nblock) signal from Bus Arbiter 1310 in Global Bus Interface



I nstruction Update Bl ock 1123, Instruction Enable Block 1113 25 reverts to
usi ng enwooa#se3s as the source of instruction addresses. THERGEGER489617 r
| NSTRUCTI ON QUEUE (Fig. 12): Enabl ed Instrug%ion Queue 814 (the "Queue"),
shown in 30 nore detail in Fig. 12, serves as a rrermry buffer between
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regi ster carfSATRERR %‘Ha@ﬁ@éhFHSPPHE#PBnOSa&@& 418hd one register .may he

read and anot her Wﬁlttﬁﬁeaflhaf §88B 1h"™neFhIPcCtid 22 &OFd atBRehNEs
necessary Iq&;c and registers to 5 control access, to FI.FO Menpry 1210 in

a "first in <= MTkte othe $%§FFBﬁt1?ﬂ|§dFﬁEF§d§§Q§QQM}anh%wq?¥g ?nt er
cal led "1d pedisteet orbyétheadwithntBe sabkedsesd dft the aiwlvly SiBlécated

rechi e b slkpene, L ggl o ahelaet Bl PO APOL A0 L SRl el e
fashion (i.eqcdt@on spémteﬂeﬂobyy"aih'a'amgadda-r e-aget to zero when the ICCis
Coninst furl) signal AEsOpatet BRFE S538HREn P ATk A Tt r EPFtear
asserts thedﬁ(nmﬁmmadd{ﬂsegum$|natuthddnéntBussﬂﬁhmﬁynﬂllxﬂ(B@bemaBustléan
Interface Uyd 816 el 1R SndNtbshiPAUESER RN 8022 ter 1310 sends to '
15 Update Unit 812. .
Once a control or data token is allocated, Global Bus
Interface Unit 816 writes to it via Global Bus 416. The _
token's token descriptor is written into Header Memory 820, and
the token's data blocks (if any) are written into BAU Memory
20 818 at the allocated addresses.
Global Bus Interface Unit 816 also reads tokens from
Token Memory Unit 810 for use during instruction executions.
For non-SPU instructions, Instruction Composer 1312 within
Global Bus Interface Unit 816 requests a token from Token
25 Memory Unit 810 by asserting the "load memory address"
(1d_dmem_addr) signal to Memory Control 1414, and loading the
address of the token to be read into the TMU's memory address
register (dmem addr reg) via the 7 bit "memory address bus"
(dmem_addr). Memory Control 1414 then reads the addressed
. 30 token descriptor from Header Memory 820, the token usage count
from Header Use Memory 1411, and the number of BAUs, BAU
addresses, and address of the instruction which created the
token from Token Address Memory 819. All of the latter data
are stored in registers. The register storing the token usage
35 count is then decremented by one and the result written back to
Header Use Memory 1411. 'If the decremented usage count is
zero, Memory Control 1414 deallocates the token by asserting
the "deallocate header" signal (header_de_alloc) to Header
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.812 via the P£ ﬁﬁ&awmkaﬂksnxnthe(tmkegqgaﬁatheoaﬁdaESS|@thhe/firStlzau to

set to %‘ ' ?bﬁ%f? g\ihenever the Queue contains an instruction to be
execute by the unctiona un|t corresponding to that bit WO 94/ 25935

PCT/ US94/ 04617 39 posi thhsh tokgie desertpbatehtetbenndsdvien qnkn tGJmmaJa@us

functional ugifs | t on 1A a1
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I nterface Unt@k§1®Lasen@n GlakahBysutlbafor BPGCE§r*?ﬁ§s§Q¥Q?ttu9¥§E¥Wlse'
Arbiter 1310thehgequired number of 96 bit words is read from BAU Memory 818

15 starting at the address of the first BAU, and each word is
driven onto Glocbal Bus 416. If the number of data blocks in
the token is two or more, all 16 words of the BAU are read:
otherwise, only 8 words are read. While the BAU is being read,

ps

its usage count in BAU Use Memory 822 is decremented by one.

20 If the decremented usage count is zero, Memory Control 1414
deallocates the BAU by sending its address to BAU Stack 1418
which subsequently pushes it onto its LIFO memory.

If the number of data blocks in the.token is three or
four, the BAU at the token's second BAU address is read, and

25 each word is driven onto Global Bus 416. If the number of data
blocks in the token is four, all 16 words of the BAU are read:
otﬁerwise, only 8 words are read. As with the first BAU, the
usage count of the second BAU is decremented by one while the
second BAU is being read. If the decremented usage count is

30 zero, Memory Control 1414 deallocates the BAU by sending its
address to BAU Stack 1418 which subsequently pushes it onto its
LIFO memory.

' Scalar Processor Unit 1314 requires special
interaction with the TMU when executlnq a scalar or semaphore

35 instruction. The SPU is incapable of modifying the contents of
operand BAUs, and either copies them to a result token or
discards them. 1Initially, if the instruction has one or two

operand tokens, the SPU requests each of them in turn from the



| nstruction Conposer 1312, the Scal ar Processor Unit (SPU) 1314, and the
Mai n Convod4/259351322. The first two of these 10 bl ocks arepgméﬂf‘fﬂ"e for
receiving and transnmitting tokens, respectivegly, between the DCU and ot her

functional units. The third block is capable of executing all i nstructions
t hat mani pul atrut Be Q'&Q&ngeiﬁfé Rld¥en ‘Hadapadd &Jx@sktnateréaeeaﬁ R pus
14 and det erm nes which t he ot her three
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at a tine. Preferesgdsi saghyeibKen tdhedpest Ideddop t?@ffpﬁﬁ@ﬁ ﬁééae%nﬁeﬁ%@yafezo
Processor Unit 314 alncg t hese bl-ocks tend to eggés t oken nepory
|

ei ther of the%B bFSE SEtoidRy GbPah 4137 r%ﬁﬁEsF°FGP $0 BAUs,
d obal Sgld§ ar bft anyj oaret hlet'Bl:l:SEaB’ bi trere BpHY dgsﬁia%@n@ék@ﬂ uihqleptaﬁﬁﬁg qfnf

a non- i ns oR._C etin ecution and sen ng i t token (i
any) back to %%&88589 S%% ﬁ‘@ﬁe é% ‘éa‘E Sﬁc*lp ors are
i nstruction a@%@llbqgtbdsifan@daasanymusmﬁgsﬁnﬁuﬂrévdéusbgudastrubeﬁhh@t&&d
Controller 13 n | I s uently. SI s Bus Arbit .
7310 whi oh st a1 2aMEE ot 8, Wibe G B ey RS, P Ge Rt B e 2
Each state ofs@ﬁPEdcenﬁrendc¢xﬂ@¥p@amsdm@ngmantadxnmmduhhe BRfsndehildocated
counter’ gostai £ ABEERSS 9.1 URRRA ‘Hﬂﬁ ‘I{Pﬁfg G cié‘gtﬁ&r fSt ngrgﬁimt%ﬁ(en s

stops 30 and remains at that state ‘unti trme I'n contro
1322 signal s B¢ aferespes3apd umbezofom theotTwken dddrensl Memory 818 @nd

mechani sm enssgesst BRbneanh thieNcigaRN Aladidids hagyaaual v af&fsﬁséowgeﬂb%heB§§U
416. Bus Arblteé 1310 t hen requests the natchlng unctronal unit to send a -

processor packBPTEYCEEOn,dBdshies e¥ecytions "send processor packet" signa

(proc pac_ld out) and t@Renwahle B®Uf Ahsitiaciidn 104 £omead Jeueagw hbRdfies
both the "pr ess packet readgj|g % %p%H proc packet read a e
processo} pac PY gsserdi h oad scalar packet SLgna

(7d_aux_pac) and sending it the result token's token descriptor
(1f any), the terminating instruction's address and "number of
destinations" field, and the 3 bit scalar control packet
(aux_control). The three bits in the packet are called

20 "write descr", “copy_operand", and "discard operand", and only
one of them is set to "1iv,

The TMU responds to write_descr being set to "1" by
allocating storage for the new token descriptor, storing the
descriptor appropriately, and returning its address to the SPU.

25 In addition, if the SPU instruction had a data token operand,
the TMU decrements the BAU usage counts of the BAUs whose
addresses are stored in the BAU address register, and
deallocates the BAUs if necessary. '

Like write descr, the copy operand bit causes the TMU

30 to allocate storage for the new token descfiptor, store the
descriptor in Header Memory 820, and return its address to the
SPU. However, COpy_oper rand then causes the TMU to copy the
contents of the BAU address register into the "number of BAUs"
and BAU address fields of the new token's location in Token

35 Address Memory 819. If the SPU instruction's operand token was
not previously deallocated, the BAU usage counts at these BAU
addresses are also incremented by one.
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Bus 416.woMagsgssocessor packet is formatted as shown in FigF §'I‘3JS9B{9§6
Arbiter 1310 reads the processor packet and deternines the nunmber of mords
of token data the functional 5 unit w shes to-send. If the unit has a

result token, Bus Arbitgy %ﬁ;@t pen.directs Tﬁg%% ru;_ﬁgg "'S|gﬁ-I:°

al l ocate menory space for Ken~'and-asser anl—er gran
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subsequent |y deasserts arb_grant iter 1310 al%o
forms a "result packet" fromthe processor packet sent by the functional

unit and sen@sjtpgctggggg *f@tisgg Jge result packet is formatted as

shown in Fig. 3B and caonsisis o ress of the instruction finishing
execution, the storage HHIrRSE writ h‘bzio!R%ﬁfPﬁm%FF@@ forvagdng UkRe Baverse
and bits 3:0Ddlsdrderecdddineé ersan@tobhtod 8f dhka @@M&Hﬁtdﬁéiékiﬁ@n&fh§everal

result t.gken t n scriptor; the fiye latter hits are used ate
Uni t 81£'cq<n e%ec%g % anths STPRTE LRRRFRGRR L rP&'rrL?&latfhssx%{h‘Egta block
transfer of. n&k@mwpnnedﬁbyFmrmm@fmﬁmiﬁg tﬁe250wsa@man@uhéﬁﬁhéntlﬁe
Instruction CIRQSEr The tyoller Qi.ns ng the
"read next instruction |%%%Jc £§?ﬂ%x?g %EF)rFEq;h%HQE ﬁ%% Bn Queue
814. \When Enabl ed Imﬂrﬁhnlrmcémewg 6&ﬁa|tokead;nﬁothﬁrnﬁstrummion to be
i nstruction, on”. Si
(I'd_next _ins t Séﬂ%mtr +$€9 %3%% éﬁt éb (% 9 qggﬁhé%V%dState
i nstructi®dn E@é’k’étnei sJ-SlfadedI‘ment@atalstohenl Y Ba(vleeit umg:rm droKé&? tbuffen
Controller 13232t.heprocessing is started by passing the data token through
the DCT processor 1514. The results of first stage processing
(row transform) are saved in the intermediate row buffer 151s.
Processing is completed by passing the contents of the row
20 buffer through the processor again using multiplexer 1518. The

results are stored back in the token buffer for transmittal to
DCU 418. '

Global Bus Control State Machine

25 The global bus control state machine acts as the main
sequencer in the DCT unit. Figure 16 shows the state
transition diagram of the global bus control state machine.
Eight states are needed to support the interface protocol. The
state machine also integrates register storage for the

30 instruction and the token header (i.e., token descriptor).
Similar state machines are used in the other processing units
on the global bus 416.

The 96-bit, bi~directional global data bus contains
eight 12-bit data values. For the forward DCT function, each

35 12-bit data contains a properly sign-extended 9-bit image pel.

The global bus control state machine starts at the
idle-state after reset. In this state, it monitors the global
bus for an input sequence from DCU 418 and the internal status
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15 state. With each‘clock, the global data bus is loaded into the
globél data bus pipeline register R_GB_DATA. A pipelined
version of the G3_CYC _CNT (P1_GB_CYC_CNT) is also provided to
the buffer control block for use in generating the TXN_RAM
address. The value in R_G3 DATA is transferred to the token

20 buffer on the next clock cycle. A delayed global bus write
transfer-in-progress signal (Pl GB_WXFR_IP) is also produced to
go with P1_GB_CYC_CNT.

| When the counter GB_CYC_CNT reaches the maximum
count, the state machine transitions to the check-error-state,

25 where the tokén type bit contained in the header is checked.

An error is detected if a control token is received instead of :_

a data token. In such a case, the ERROR status flag is set and
the state machine returns to the idle-state where the ERROR
status causes the state machine to return the unprocessed data
30 token to DCU 418. The "errflag" (bit 88) of the header (token
descriptor) is set when returned to DCU 418. The error
condition is reported in the form of a control token.
If no error is detected while in the check-error-
state, the status flag ITRN_RDY is pulsed high for one cycle to
35 indicate that an input data token has been received and is
ready for processing. The state machine returns to the idle-

state on the next clock cycle.
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det er m ne Wh?ﬁgeP token is a data token if it is, the nunb
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Wi | e read_chbhei rembsmmk e . 'f,A‘"'" Jtheliﬁzhéu’fcimén @ﬁ”ﬁ%:&ﬁrat%g the
creates a pregessar P ramn t,he contents o ction Packet
Regi ster 132 ﬁaﬁa asgertg&’l 55(:{% %fcﬂ)aﬁ' SEIRSY13 %}BHﬁivﬁPﬁ frESSFat a It
ready" @8at areBadpy andthf:l.lsoatqdza)castsn]r Dt kerd 4etheapes G@) PAQyId.s tThe
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cycle, read cnt increnen I nCrénen
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15 by activating the G3_GRANT line. The state machine then _
transitions to the send-header-state. GB_CYC_CNT counter is
started to pre-fetch data from the token buffer. GB_DATA_RDY
line is activated by the state machine and the content of the
HEADER register is routed to the global bus 416. Data fetched

20 from the token buffer is loaded into R_GB_DATA pipeline
register. On the following clock, the state machine
transitions to the send-block-state. GB_CYC_CNT counts up to
the maximum count contained in the header. R_G3_DATA is placed
on the global data bus.- When the maximum count is reached, the

25 state machine transitions back to the idle-state and the bus
request is inactivated one clock cycle later.

The state machine also generates a BUSY signal for
DCU 418. It becomes set when a DCU-initiated sequence is
started and is reset only after a processed data token is

30 returned to DCU 418. '

UANTIZATION PROCESSING UNIT (OPU Fi 17
The Quantization Processing Unit 422 computes the
- forward and the inverse quantization of a data token consisting
35 of several data blocks. 1In addition to quantization, this unit
also computes mean-square values and variances and can modify
quantizer values based on a measure of relative image activity.
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15 The quantization processor is the resource that
computes forward or inverse quantization, mean square,
variance, and quantizer modifications. The processing state
machine 1716 serves as the sequencer for the instruction
execution in the QPU. It operates with the global bus control
20 state machine to process an input token.
The Q RAM 1718 contains storage for up to 192 8-bit
quantization values. This RAM is initialized by the external
~ host processor before processing by the ICC is started. The
storage space in the RAM is logically sectioned into three 64-
25 byte tables. For JPEG quantization, the RAM typically contains .
the quantization matrices for the luminance and the 2 :
chrominance components of YUV imagery. For MPEG quantization,
only the first 2 tables are used. Table 0 is initialized with
the quantization matrix for intra coding. Table 1 is
30 initialized with the quantization matrix for non-intra coding.
For Px64, this RAM is not used and therefore, does not need to
be initialized. -The contents of the Q RAM are also readable by
a host processor via the host interface. '
' A buffer control block 1720 provides the addresses
35 and control signals to the token buffer and the quantlzatlon
matrix RAM (Q _RAM). The RAM addresses are formed mainly from
the counter values such as PHASE CNT, PRZ2_PEL_CNT and its
pipelines from the processing state machine. The buffer
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(addi tion, subtraction, Boolean, or conparison Uuses
formthe resRteckok8a0sinplemenss @@auﬁqﬂnﬁﬁexffmmmxi@nr@qUarédtaplaos@ne
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to de0|g§ #her or not to .create a res S|gnals t he
TMJ by asser® h@?%ﬂg OPgRatieRsar Padedir of buffers 1822 and 1824 are

provided to buffer the data into and out of the arithmetic
processor unit 1820.

RUN_LENGTH PROCESSOR UNIT (RPU Fig. 19

20 Fig. 19 is a functional block diagrém of the RPU 426
of Fig. 4. The RPU includes a token RAM 2010 which is :
controlled by a token RAM control logic 2012. These connect to
the global bus 416. A codec processor 2014 serves as a data |
format changer between the internal data token format and the-

25 external run length'format'for host communication. It encodes
the gquantized transform coefficients into a series of run-level

and decodes a series of run-level pairs to form the quantized
transform coefficients. It also makes header words from token
desériptors during encoding and extracts header words from an
30 encoded data sequence during decoding. It is connected between
the token RAM and the run data interface 2016 connected to the
host 2018. Interface 2016 is controlled by a block 2020 and
the run length codec is controlled by state machine 2022. The
RPU also includes interrupt logic 2024 and host address decoder
35 block 2026.

TOKEN INTERFACE UNIT (TIU) (Fig. 20)
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actually reading them thereby decreasing the |oading on dobal Bus 416.
Final |y, the BtisscaNT GEKh&ET '§I§ trti t hg1 $PU does not wish the TMJ to
create any result toke hase, .t he SPU sends_a

result 20 packet to inhﬁ%a tl%1§ E%ﬂcél ba3§§§r9§ the RAffdatRCT e WRit
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Mai n. Contg ol | A TOKEN MEMOR NI T (Fig. .14) .25 .,

Token I\/Em)ryrﬁn :%%0 i{E %WS“’E{H&%%?%{ rﬁgéﬂ(:SEgt el The I LIRFSRT tes
menory spacefﬂ@ﬂtuak@dstnesmsilng frominstruction executions. The
principal blocks of this unit pictured in Fig. 14 are: Menory Control

1414, Header annry 820, BAU annry 818 Token Address Menory 819, Header
Stack 30 14¥&DPESAUINTERHAACE UNITeHH] . : y 1411, and BAU Use Menory

822. Fig. 22 is a block diagram of the VIU interface. The
15 VIU connects to the ihternal global bus 416 with a.token RAM
2310 under the control of buffer control logic 2312. A host
interface logic block 2314 allows control directly through host
interface 412 of Fig. 4.

Global bus state machine 2316 controls the access to
20 global bus 416. A buffer 2318 connects to the external video
- memory data bus. A video memory arbitration unit 2320
arbitrates video bus requests from refresh logic 2322, SAM-DRAM
transfer block 2324, page mode image fetch block, and an
external bus request. An interpolator 2326 operates under the
25 control of a state machine 2328. Finally, a state machine 2330

controls the video memory bus access.

AUXILIARY INTERFACE UNIT (AIU) (Fig. 23)
The Auxiliary Interface Unit (AIU) 430 serves as an

30 interface between the ICC and up to four external processors
which are physically not part of the ICC. Each external
processor, in turn, can contain up to four functional units
which may éperaté concurrently. The AIU functions in a manner
similar to other functional units internal to the ICC; i.e. it

35 receives processor packets and operand tokens from DCU 418 and
returns processor packets and result tokens to DCU 418, all
over Global Bus 416. An instruction is sent to the AIU by DCU
418 for execution only if its X bit is set to "1". However,
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significant two bits select the external processor, and the
next two bits above those select the functional unit within the
external processor. These four bits are also used by both the
DCU and AIU to address the EIST.

20 ' Global Bus Control 2410 is responsible for sending
and receiving processor packets and tokens to and from DCU 418.
It reads processor packets from and writes them to Processor
Packet Registers and Control Block 2420. It also reads result
tokens from and writes operand tokens to Token Data Buffer

25  2440. _

Token Data Buffer 2440 contains a 33 word by 96 bit
memory and can store either a single control token or a single
four block data token: i.e. external instructions may have at
most a single operand token. The token in the memory can be

30 either an operand token waiting to be sent to an external.
functional unit or a result token which has been returned by
one of these units. _

Auxiliary Interface Bus Control 2430 is responsible
for sending and receiving processor packets and tckens to and

35 from external functional units. The protocol used for these
transfers is described in the MEC Application. These transfers
are synchronous to the auxiliary interface bus clock, XCLK.
XCLX is asynchronous to the internal processor clock, PCLK,
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is initialized with a copy he™ "nu I natrons rom
the token's 3prxadiagy istterfiom. BEactontnelt Ré3TokRae MORODORSYit 810 sends

a tokenylso either instigiedd,00 pcy 418 sends a processor packet and operand

token (if any) to AIU 430, it checks to be sure that both the
AIU and the external functional unit destined to receive the
latter data are.idle. It then sends the data to Global Bus
Control 2410. After the processor packet and operand token (if

20 any) are stored in Processor Packet Registers and Control Block
2420 and Token Data Buffer 2440, respectively, Main Controller
activates Auxiliary Interface Bus Control 2430 to send the data
to the appropriate external functional unit. Auxiliary
Interface Bus Control 2430 also sets the bit in EIST 2450

25 corresponding to this functional unit to "1".

Each external processor unit having a functional unit
wishing to send a result back to AIU 430 asserts an XRQST-
input pin on the ICC. Auxiliary Interface Bus Control 2430
arbitrates between such requests which occur simultaneocusly.

30 If the AIU is not busy as determined by Main Controller 2460,
Auxiliary Interface Bus Control 2430 signals the selected
processor over the auxiliary interface bus using the protocol
described in the MEC Application. This processor then selects
from among the possibly multiple functional units within itself

35 requesting service and responds to AIU 430 with the selected
unit's processor packet and result token (if any). The latter
data are transferred over the auxiliary bus using a protocol
like that described in the MEC Application. Auxiliary
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deal | ocat ederitical WardWa2=0¥nd software computer resources among

PCT/ US94/ 048174

orr ondi ng BAU usage gounts are_decrenented,. n a
BAU s usage cogn%l%ss g:brq"eaﬁeentpu(f%eészeesr‘o, ﬁp"h%h S tond Sﬁgelgeﬁé'ea(f\e/%eby
any tokens, "gRadticald deanlthedatestt may Bbd) ddoesge8lBy Yhdy Gnebairdtiess at
Interfage UQi £3846 h@%ﬂ%ﬁﬁ%?&é ¥l ives are critical variables which

20

25

30

35

software processes typically "test and set" before entering the
critical software regions which éctually manipulate the shared

resources. The "test and set" operation "tests" the value of a
semaphore to see if it has the proper value to allow access to

its associated critical region and then "sets" the semaphore to
this value as part of the same indivisible operation.

For example, suppose the binary semaphore P must have
the value "1" before a process may enter the critical region
guarded by the semaphore. A process wishing to enter that |
region then "tests and sets" P to "1"; i.e., P is tested for
having the value "1" and then set to "1" regardless of the
result of the test. If the test result is positive, the
process does not enter the region; if the result is negative,
the process enters the region, and the "set" portion of the
indivisible "test and set" operation prevents any other process
from entering the region. In the latter case, the successful
process sets P back to "0" via a special operation as it exits
the critical regidn, thereby giving other processes a chance to
enter it.

Operations on seméphores must be supported by special
instructions at the hardware level which guarantee mutual
exclusivity when semaphores are being accessed. For example,
if the "test and set" operation described above is performed as



5 froman instruction execution, it asserts the "wite data" (w data
signal tWOrBK2s933venory Unit 810. However, prior to sendi ng REREUSTHUALT it |
directs Token Menory Unit 810 to allocate space for it. The token

al l ocation process begins with Menory cont rol°®414 | oadi ng the current

contents of haagakagll ¢ ddr <, Jfhe 7 bit wide nenory address __
regi ster (dnen1édd? Peg) and éégédgéﬁgt?ﬁfnﬁﬁ%ﬁﬂﬁ'a??%cgfécefﬁgW§V f§st @
Header Stack T8P8PRPEer afgorsmclysedart Staclendds tpepsisacierddf cairital
LI FO nenory byegheheM@ahiiRey 3L antdf- i {h tepts of .the
LI FO nenory at that address, an mwutung'3%%"%%%?§%€g°§5€e%ﬁ?o Eea gPEalloc
addr. |f healSP2BPZR AN &rachfferieowane eonclusion| pxioverd thenfita"

to "0"), BeadproSetssksi41rigs tid Iseais%meer{ﬁpf%%r%@eg@@r a&%gagg."

anot her portion of DCU 418. 'Next, a copy of t 0 est i nations
(ND) 20 field of the FASt LG& ilERTOVEs iofy thr Fhatetofokka RETtweLt tahatdow

Header Use Memomputdis By tihellceailion I&Ois@nﬂbﬂ&:@kf’@ﬁﬁggﬁgrﬁgchﬁﬂﬁs{nhe
i nstruction's 3€Q5§§s gi m%ltten to.a'holding register; If thé result token
is a control Token- - TREKoEIEnGSeeYi I HEF TGPl e ¢ A2FBLLAE dataflow

"i nstruction @8viraddenss” frioe GeRaphotle® iaravmdiely tesdderopUBRES £811owing
BAUs" fiehd ip,l9ken,Address Menory 819 at the |ocated pointed to by dnmem
addrreg. If the Tesul'f token is a data token, Menory Control 1414 all ocates

BAUs for the token by |dadi njimi¢ingr thet ndhberordrdstOftHAhal EACeRE8Eence

into the 7 bit mﬁdgtaéH;a segs .regi.ster (BAU addr reg) and asserts the
"BAU al | ocate" signal t ggéﬁgtéékqfﬁfs. In response, BAU Stack 1418 "pops"

aword fromits LIFO nedery Minindieémgntiheg sBAls sificiatt flow epribggahse

contents of the LIFO negory S W4 1. he, t ent

i nto BAU al | oc addr. Tﬁg va?ggkg%bn?gq&gi%ﬁg?¥%¥lgé#{§k§1mm%?§ %ggeﬁ?afhe

| ocat ed b inted at®P§"BRAU addr reg. |If another BAU is required as indicated
by the "nunber of bl ockshe(ABEECbrSigRal 1f CRBRUS AP IR 1810cé8 RLLA) the

Bus Interfaceicc has on-chip for storing data tokens. Recall that the ICC
can simultaneouély store up to 128 tokens of all types (i.e.,
one per instruction) but only has room for 64 block allocation

20 units (BAUs) which determines the maximum number of data tokens
which can be stored. A data token requires either one or two
BAUs, and an upper bound on the number of data tokens which can
simultaneously exist in a flowgraph is one for each data token-
producing instruction; i.e., one token may exist on every

25 instruction output arc. Therefore, it is possible to create
IC? brograms which can theoretically require more BAUs than aré;
available on-chip. A similar situation also exists for
dataflow architectures other than the ICC, since all
architectures eventually become memory-limited.

30 - The ICC allows a programmer to limit data token
memory usage by providing semaphore instructions which can be
used to temporarily stop the flow of new data tokens into a
flowgraph when the floWgraph is on the verge of potentially
uUsing too many BAUs. The ICC instructions supporting this are

35 called TSTDEC (for "test and decrement semaphore”") and INCSEM
(for "increment semaphore").

Fig. 24 shows an example of how TSTDEC and INCSEM
might be used. The principle behind the example is that each



VO 94/ 25935 - " o - PCTIU GidertS
Unit 818YOR@5¥8nt ents of EAU addr reg s saved in anotherggggggter

. the address of the second BAU is read from BAU Stack 1418 in a S|n1lar
fashi on. BAU Use Menory 822 is also updated. |If BAU stack _ptr ever .
overfl ows (|-eﬁe At tokerhds tdumixt aﬂﬂ4n£d%hhé rIEWbEhankHEtﬂaens.hulFsmutc

o Thear TolaRh, SRERP IR A " N e BT R Ll TR o BTt

in the alloc to Wl e ISstruction a
stored in t hBunbedi od neyi Sakens ogemle-r e rfldmgnaldnessegrofaxan@lleevm%ach

al | ocated 10n0,BRALS aRg %Eggggﬁﬁg%hrnﬂ%@%% téh;bgfggé?%ﬁﬁsé Ggﬁyég J at

t he Iocatlon oi-nted to by for con roI at a
t okens, Bhe E8RPERt $nstrmedyiomddy Fiay |2§¥ egsneies in Bhe geperetioml@fs@

phat 1t can Rexifghtdedod iidids Wy RAGKA! fier&abe! of 58&% BReds 1015

Update Unit 812. Once a contro en i1s ocate Bus
Interface UnFReBeoReit after iN ﬁﬂ&?ﬂgtﬁiﬂefiﬁﬁﬁqﬁd the £4REAT3Phok@n Maximum

descri ptor | SEVRNT hal iikerideasters N\VaRIY/ v&?ﬁ @@dci-ast&akarﬂtﬁlﬁat:aebl ocks
(if any) are_ xgltten into BAU Menory 20 818 at the allocated addresses.

G obal Bus | ht8¥EEERRLN P PSS r%@%%W??o%ﬁﬁEnt%WycGﬁatte@l
for use1duri dgesnabrueonViriedid iitredd NPNaPRthbBEhALEA! F@BRIon since all

token {rom TORBRA3S TR RGN aRY. B (I tiltertiey eRAt: FBAd EHEHBR b dhasman
(rd dnen1addtmesmgnsﬁntQdﬂﬁﬁuumiaﬁuroI 1414, and | oading the address of
the token o be read | b Uit SRLY AEUGss sedLahr (SRl
t hen reads t (BEMBEGO3Sséed track the maximum number of BAUs 1n use by the
15 flowgraph between the TSTDEC and INCSEM instructions. The
INITSEM instruction initializes the semaphore to "g" which is
two less than the maximum number of BAUs which will be allowed
to exist in the flowgraph (why it is two less will be explained
later). When a token is at the input to the TSTDEC
20 instruction, the instruction "guards" entry into the flowgraph
by comparing the value "4" (i.e., the maximum number of BAUs
the input token will spawn) against the current value of the
semaphore. If "4" is less than or equal to the semaphore's
value (i.e., there is "room " in the flowgraph for the new
25 token), TSTDEC decreases the semaphore by "4" and passes the
token into the flowgraph; otherwise, TSTDEC does not pass the
token and holds it at its input until-the latter test condition
is satisfied. Correspondingly at the bottom of the flowgraph,
the INCSEM instruction increases the semaphore by "4" to
30 account for all the incremental BAUs having been used up.-

Note that the INCSEM instruction decreases the
semaphore's value before consuming its input token. Therefore,
to account for tﬁis token, the semaphore is initially set to
two less than the maximum number of BAUs. Also note that the

35 TSTDEC and INCSEM instructions are executed by the same
hardware within the ICC which forces them to operate on the
semaphore in a mutually exclusive fashion.



30 token descriptor from Header. NErmry 820, the token usage %ojg& '
Header Ws@9dRsdsy 1411, and the nunber of BAUs, BAU address@g dress
of the instruction which created the token gﬁon1Token Address Menory 819.
All of the latter data are stored in registers. The register storing the

token usage 35  countpisethga deereppntedabndir anyl ddel iesul tharsiienor
back to Header Use Menory 1411. |f the decrénented usage cou

n
Menory Cont rbtC 1RHQCEREF) oEaPER £RE L6RES By X3 (SR WuﬁscﬁﬁiYokéﬁe“°rds

header" si gnedng hearigisdesabbeenpl @shieadey usig %@%’ﬁsm and mcss»:
PCT/ US94/ 04617 Stack 1416 and sendi ng it the t ker}yes ess Heade f
t

1416 then " pUTRRROT Rl RFHFRSELIBAE Pt S1RPFS ‘%"r% 5B Py

Mermory Gent rsduddd4 aﬁsertﬁet bemédeablgeabh’ fHagnsiny da-_mézhmyommdbng the
Update Unit 812 a{;d? t he _address
at'8l

it |nstr ction ich
created the U&a gﬁ mﬁ'ﬁﬁuf:ﬁllf’gﬁ ad&rbse@‘qnépr}lfselas By ?J‘"?iaf’é%?t
812 to mark 2%e cmrtmpeﬁﬂvmgwnsmnnmﬁ.pmaxes: "iotfdumssd’ by ftnéleth:oeken‘rﬁmsrlg

d dag Me Co 1414
bl ocks i n ¢ ST SREFCAROL T RACERGPREBUSE Fhe FOPLECRG 0 10°C EAPREnSEy Cite.
The token deBNCSEM oinstrubthodki anchnwsTSlEbbalnmmJ&nI¢ommre$)k%BMREGa

control4 4ok al .t S t Shal r-khe
current %okg?rl&t%oﬁﬁer\%/éjégg hjef ?gguégggl @i l@ q?’e%&bq V\ord%llé%é%é%%P ?%m
BAU Menory S48 150PWat ateken- at Thﬁelaﬁtéteiigk@mﬁt prg ishAWiBAR$ Bhd BAchandr g3
is driven onfrp ﬁfbais B&ﬁd‘lﬂtéy shéwt ﬁg BeMRele AfnpARia d¥ 0&&@1‘»& nré e&@wa

is two or nore are read; otherw se

are read. Wﬁ'sf%smﬁelmm§tb@ﬂﬁgmeaﬁ}’ PFge&'s-agg%cmrﬂn*\"‘?ﬂ- Bﬁ?cFchem‘Né%?ﬁ

822 is decr esmuEch pytRaersB8EM! i nkBeudes ey é:ﬁifésﬂ tSkéRMBo its
Mermory ntrol 1414 deal | ocates the BAU by sending its dlc:{ ess to U St ack
1418 1 output; otherwlise, the TSTSEM instruction holds the token at

its input until a match is achieved. The idea behind tnis.is
“to sequentially number tokens using their cntrl fields so that
only one TSTSEM instruction will pass its input at any point in
time. The INCSEM instruction then copies the token from the

20 active TSTSEM instruction to its own output and increments the
semaphore so as to enable the multiplexer to pass the next
token. As shown in Fig. 25, the INCSEM instruction outputs
tokens in the order T3, T2, and Tl as determined by the values
of their cntrl fields.

25 A third use for semaphores to allow an ICC dataflow
program to be synchronized with events external to the ICC.
This is accomplished by using the TSTSEM instruction to
temporarily halt dataflow until an external host processor sets
a semaphore to a predetermined value. For example, the TSTSEM

30 instruction shown in Fig. 26 does not pass the input token "T"
until the value "3" in its cntrl field matches the value of
SEMREGO. The host processor, in turn, eventually loads a "3"
into SEMREGO via the ICC host interface bus.

As it will be understood by those familiar with the

35 art, the ﬁresent invention may be embodied in other specific
forms without departing from the spirit or essential
characteristics thereof. Accordingly, the disclosure of the

preferred embodiment of the invention is intended to be



whi ch subsequently pushes it onto its LIFO nenory. If the R,éagata
bl ocks wim #4m5930ken is three or four, the BAU at the token"s secon '
address is read, and .25 each word is drivessonto d obal Bus 416. If the
nunber of data blocks in the token is four, all 16 words of the BAU are, .
read; ot herildaysundgi®e wobds nee kimiitiAg, wioth thise Sigopst SBAGNS W REERCD

count of theg, n}ecr%%{'fo@e‘irﬂ‘“&ﬁ&dfg%B nihichg e el Dbisaberag

read. If the enent ed Usage count , Menory Control 1414
deal | ocat es amhoddmenss sanei agti £ gr‘audbeégw-o BAU St ack 1418 which

subsequent |y pushes itg ggﬁooftghhlggéggﬁﬁrahrgggéubgaagggiﬁg ddits 1eddid

requires special interaction wt en executing a scal ar or
‘semaphor® 35-NS%RAG ke | ngeneral SPUrPeSEnBERSESSI5TT MYy Myt tHENRbhY ey s

of operand BAl&, é@k@ltﬁshsgel BeokBess he %n&Q:%“dodlC&(% Cﬁr&;md@ toem
Initially, if the I nstruction has one or two operand toker}ué t he

P
requests eadlEATME hEReFhal UPRTPPSM HR4tS d@pegigingyiipon the prograd, such
PCT/ US94/ 046h/ato0cdd) by 1pubkiBatt Balyo&e&—taladqrm@ﬂm 7Ihi andtker

addr bus and SSSEliLhg. L iesuSal deSe Pt o et doser), st dhec Ty
the SPWLgi a cﬁm&minBusvéa:Ealegcbohcrﬁan&d%usace?ssin@nmlw emabtipded. The
2hd the desdiTTEreiatcuBeRR SolnlauBe Srmmialidlt e kN b COELEAR' o4
descri bed neifrstiudbiaddi siach, thhe BAdtusais araiweuld nawefﬁ&sh@é§écp§ted
't Recessary il BERECCRhOERD ol BUIRHEETRRAE, s DiorfVing o opipaeiad
addr esses ewmp@mabeoniron1the Token Address Menory 819 and saves themin
the "BA&gaddress regls&ﬁr Oﬁé§§i‘ﬂgﬁ1éﬂﬁéé¥%ént, each of the processing
units is single-buffered, such that new tokens must wait until
the unit is finished prbcessing the previous token.
Alternately, a double-buffering system could be used such that
new instructions, data and tokens could be received while the
20 processing unit is currently executing on previous data and
instructions.
With respect to the token memory unit of Fig. 14, in
one alternate embodiment the hardware can be set up to have a
designated token address for each instruction; such that, for
25 instance, instruction 1 will always correspond to token address
1, and instruction 2 to token address 2, etc. This would allow
the elimination of the header stack memory which dynamically
assigns token addresses to different instructions. Such a
static designation will also allow the elimination of the
30 operand RAM fields in the operand RAM format of Fig. 3A.
Instead, these fields could be statically established upon
initialization of the system. This would eliminate the need
for the update unit to write into the operand fields, although
the semaphore field and the operand present bit would still
35 have to be written to by the update unit. In addition, the
result packet format shown in Fig. 3B could eliminate the
result token address, since this would simply correspond to the

instructicn address already present in the packet.



instruction finishes execution. Wen the SPU instruction fi§k§2§§M P%s SPU
notifi esWOP4/25%%8 TMJ by asserting the "l oad scal ar packet” @ aux -
pac) and sending it the result token's tokeggdescriptor (if any), the

termnating instruction's address and "nunber of destinations" field, and

the 3 bit scalar controltnléacloatn(a&%rfsotafr dne pferdhree Ehbsdibehhe RACKSfe
are called 20 "wite p perand”, and dlscarg g nd" and
only one of PhERTIE %EYePSl“T'W1;ﬁ %ﬁw333§ﬁﬁﬂﬁjt9(ﬁ%ﬁ??e eS&t beﬂﬁg?&ﬁ

to "1" by al antat ang atebaddngdy the mewdeoken tlascinpéwtiont 96 B¢ k& forth
descriptor reg Epﬁhé and returnlng its address to the SPU. 25 In

addi tion, yﬁagt ﬁ F2d a data token operand, the TMJ
decrenents the BAU usage counts of the BAUs whose addresses are stored in

t he BAU address register, and deallocates the BAUs if necessary. Like wite
descr, the copy operand bit causes the TMJ 30 to allocate storage for the
new t oken descriptor, store the descriptor in Header Menory 820, and return
its address to the SPU. However, copy operand then causes the TMJ to copy
the contents of the BAU address register into the "nunber of BAUs" and BAU
address fields of the new token's |location in Token 35 Address Menory 819.
If the SPU instruction's operand token was not previously deall ocated, the
BAU usage counts at these BAU addresses are al so increnented by one. WO
94/ 25935 PCT/ US94/ 04617 Finally,

in the case where discard_operand is set to "1", the TMJ does not allocate
space for a new token descriptor (since none is required), and the BAU

usage counts at the addresses fromthe BAU address register are decrenented .
by one. 5 The corresponding BAUs are then deallocated if necessary.



DCT PROCESSOR 'UNI' T (F|a 15) The DCT uni t 424 perforns the for d and the.
i nver se BIG24235 Cosi ne Transformon a data token consisti n Q;%éﬂwéf% 10
8x8 data bl ocks. The two-di nensional DCT of an 8x8 data bl ock is conputed
by transform ng the rows and subséquent|yggransform ng the colums of the
resul ting data bl ock. The incpnihg.data token and the instruction to be
processed are received from DCU 418 via the gl obal bus state 15 nmachine

1510. The data token is saved in thgyﬁéﬁﬁgﬁgq{fe 1512. Processing is
started by passing the data token thr processor 1514. The
results of first stage processing (row transform are saved in the

I nternedi a e ray oyl P s conpl eted by passing the
contents of* the 7 %§F§§£léﬁf$eF P§§§§§h9?ﬁ§ processor again ‘using

hul ti psexer 151Bhis Teectien| desaribesoeadhbIcR &nstnﬁctéﬁgnlbuﬁﬁ$@1ﬂor
transmttal to fﬁ%&é&@t 16hgb LeBH§o&§Q&rﬁhﬁ§t§E§ MaaBt98nd2 classes. The

gl obal bus cont state nac I ne“act e nmal n _sequenger
unit. Figure 16AEhtheth§'sLagéCFlan§P§F§hP§P§gnaﬁi§F°956°§PoP&Fa§a§w

control state r@shtps] ; EVﬂaéoSﬁEES§¥arSnﬂeﬁggé tateveaeel tﬁachnterface
protocol. The state nmachi ne_al so,in egrates register storage f the 30

i nstruction andiBferpekeanndeaerirtien begias Wakhr FheoiNS %%n State
machi pgs are us&&c¢@etﬂﬁeﬂbh£e w&ﬁcsaianeapaptananlibe gth@blﬁuabAEB The
96-bit, bi-directiona % 2 ? contains_e t 12- % 43&% ues
For the forwar PTEIRT ﬁg AR é§8ﬁ1§§ T?cglPaEQP ESH%SIR € proper

si gn- ext ended Ebiréntmagespby thbherghgbabfbbitcpositionsatis NEGWPHGSSﬂakts
e oo ot e dASEFhERThn YBsh] SrRkThAnr LLolIBH: G St ¥ GhRbduss

for an i nput sequence Trom and I'ntern st at us
shown in hex.

15 The following abbreviations are used to indicate the ICC
functional unit assigned to execute each instruction: APU
(Arithmetic Processor Unit); DPU (DCT Processor Unit); QPU
(Quantization Processor Unit); DCU (Dataflow Control
Unit); VIU (Video Interface Unit); RPU (Run Length

20 Processor Unit); and TIU (Token Interface Unit).

4.1 Arithmetic Operations

ADD (0)clip

*Add Tokens and Optionally Clip"
25 Operation code: 02

Processor: APU

Max. destinations: 3 .
Data operands: OP1 - data token

OP2 - data token
30 | Parameters: clip - 1 bit boolean constant
Result type: data token '.
Function: . The least significant 9 bits of-

each data work in OPl are added
_ as a 2's complement number to the
35 corresponding bits in OP2; the
' ¢ most significant 3 bits of each
data work in OP1 and OP2 are
discarded. If clip = 1, each sum
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flags OTkpoBiYsmsd ERROR for an out put sequence. Wen an i npaT/Us84kpte i.s
initiated by DCU 418 as indicated by G3 DATA-RDY goi ng active, the .
instruction word is saved in the INST register before the state nmachi ne
transitions to the receive- 5 header-sta?g. The gl obal data bus is | oaded

' he I NST.regi . Th i ve- header - | :
Into the regi ster e recel ve- nea %.I’ é%geq?g%gseo%aé[?%qug%lfl rto

be | oaded with the data contained in the § € nunber o
data bl ocks ninus one contained in the dacaplememt yadxter &gteEXirpRd Heo

header information and is referred to as I}Q% CNE+ . liF thep = o
recei ve- header-state, the 6-bit gl obal bl}il%t an erl%lo?ycl 'colun'terpGB !

CYC CT) is enabled to count fromO0 to ac®sdit ther Jiepes toisgamifd Gant i Ridken
RAM adgress path. It counts up to (8 * (M&XBIKCNLm abe relaindd dre mext

clock cycle, the state nachine transitions to the receive-block- 15 state.
Wth each clock, the global data bus is CiPPdnonds PREIGERSL: ddth er
pi peline regi ster RGBDATA. A pipelined veagegntalk HieaEBre¥ultCNE (S4B
CYC CNT) is also provided to the buffer contral bl.oqck for,.use i.n ge ating
the TKM RAM address. The value in R GB Dﬁﬁ'xei“gefir é%§1°§‘r %é'a" t%g ttﬁ’e%t en 20
buffer on the next clock cycle. A del ayedhiglokds keomplemesmt number. The

transfer-in-progress signal (Pl GB WKFR [,P). I |.so C i P
GB CYCT CNT When the counter GB CYC _CNT b&%gkgg%f)%eO%agﬂ%u%gggﬁrﬁ%oﬁegp 5

state machine transitions to the check-ecppﬁ-edt ﬁtr_e;n 2Flwher e the token type
bit contained in thegheadepohyiehgpked. 42 gitfler dpdCecosd iils hoton! rol

token is received instea ata token. a case, the ERROR status
flag i s set and the state machine returndats thakendps- $hgt abiesks diie :

status causes the state machine to returint BReiRPHASRESPE oGt Ao3Rdtoken to
DCU 418. The "errflag" (bit 88) of the header (token descriptor) i Sit
when #®turned to DCU 418. The error condPRF6R:i §hePepseldd AF Fhé’oF%t"ﬁ’l of a

control token. token copied from OPl but having
its errflag bit set. errflag is
also set if clip = 0 and an
overflow occurred during an
20 ' addition (i.e. one of the sums
could not be represented as a 9
bit 2's complement number).

ADDCON (9)clip, (8:0)const

25 "Add Constant to Token and Optionally Clip"
Operation code: 05
Processor: APU

Max. destinations: 2
. Data operands: OPl1 - data token
30 Parameters: clip - 1 bit boolean constant
const - 9 bit 2's complement

constant
Result type: data token
Function: const is added to the least
35 significant 9 bits of each data

word in OP1l; the most significant
3 bits of each data word in OPl

are discarded. If clip = 1, each



If no error is detected while in the check-error- state, the status flag

| TKN_RDY WO $2583€1 hi gh for one cycle to 35 indicate that an pawussstase

t oken has been received and is ready for processing. The state machine
returns to the idle- state on the next ch&# cycle. =~ WD 94/25935

PCT/ US94/ 04617 In the idle-state, the stat® machine also nonitors the OTKN
RDY and the ERROR flags. The CTKN RDY, ich.is.activated.for. 1 ¢lock

cycle by the processing state nmachi ne, in%ﬁ§a38318%8F858§§8da&aﬁaiﬁo%@ﬁ has
been witten back to the 5 token buffer, 2h&l conpteRBRORVALug Rndi citippedn
unprocessed, erroneous data token is to r r o] 8. ; .ei ther
OTKN RDY or ERROR is detected, the statebﬁ%cﬁ%%epggg%s ??%%g}{ol¥ﬂgalg -
request-bus-state. At the sanme tinme, it aliionl¥rsthaeleBsREQighaficanibCy
418 to gequest a global bus access. It s ¢ L EQRI LN i t I5l

418 activates GB PAC-LD. The DCT unit rei%%%%s, y???gng?giéﬁ?nggggggﬁg aha”
send-instruction- state and places the i n®r&tiPBingnishpeyfesaeddat 3nbus
and activates GB PAC RDY. The state nachidpth&pbédSe atthBeesRAY result is
instruction-state until DCU 418 grants the,unit's request 15 bz activating
the GB GRANT line. The state machine t he?rIRFRTENdRd {ErPRebit 8) to a
send- header-state. GBCYC CNT counter is siarbie, t2'preohslehett Aubbem t he
token puffer. GB DATA RDY line is acti Vat‘:{';ige b% t he. st at eﬂgaﬁl?i ne angtt he
content of the HEADER register is routed t NG AP o ?.Tea

fetched 20 fromthe token buffer is | oaduzkemtis REBNEA furquel OPE. r egi Steer.
On the followng clo L& JJRGHhI N r P4l t

send- bl ock- st at e. GB@ggg%%Téi%lﬁs up t(?'f% h?]fna%mc%u% %o%?]éle?lédtl?leﬁ
the header. R _GB DATA is placed on the gesBut dig & beentagk rtoken nasp ied

count is reached, the 25 state machine tfgahsidpObudatd iy ties éfbprsgate

and the bus . .
bit set. errflag is also set if

clip = 0 and an overflow occurred
during an addition (i.e. one of
~the sums could not be represented
as a 9 bit 2's complement

20 number) .
CLIP (15:8)minval, (7:0)maxval
"Clip Token"
Operation code: 06

25 Processor: APU

Max. destinations: 1
Data operands: OP1 - data token

Parameters: minval - 8 bit unsigned constant

maxval - 8 bit unsigned constant
30 Result type: data token '
Function: The least significant 9 bits of

each data word in OPl are treated
as a 2's complement value and
- clipped as follows: if the value
- 35 is less than minval, it is
replaced by minval in the result
token; if the value is greater
than maxval, it is replaced by



request is inactivated one clock cycle later. The state machi ne al so
gener at e80P4BSB5 si gnal for DCU 418. It becomes set when a BEFYHHHETed
sequence is started and is reset only after a processed data token is 30
returned to DCU 418. QUANTI ZATI ON PROCESSLNG UNIT (OPU) (Fig. 17) The
Quanti zation Processing Unit 422 conputes the forward and -the inverse

quantization of a data token consisting Raxvaf ;Setdkstwidala thleocilue ik
addition to quantization, this unit al so_conputes nean-square val ues and

vari ances and can nodify quantizer val ued®bis¥8ChANGeeasdPe FPS el ati ve
i mge activity. WO 94/ 25935 significant 3 bits of each data
PCT/ US94/ 04617 54 The instruction and token _tq be grocessed ngéhg uni t
are received fromthe DCU 418 via the gl 885K BlisCXi63CE§ HROFPShA  Dus |
interf@gce 1710. The token is saved in toleschwtibdr, 1Th2 déseriptioructi dihe s
executed by passing the token 5 through the aptizati.on (Wa¥od ¢
1714. Due to the in- place nature of therﬁﬁgg uEP#SH 6%08@?@%%5%Q%Fg8§§§ing
results fromthe quagtiantcondpthbonssor myOP2 isoned kadkteo tioken,oikde
buffer 1712. At the conpletion of the in i X tt' 29 ttol?c%nt @g,gjé'ds
sent back to the DCU. 10 Thiggéﬁ§% g%ngsgsgo%t forward and
i nverse quantization for the follow ng cérpRe§8LoRUE viingndtsyiexgdladat e
JPEG ppn full CCI R 601 images (encode or gegodg}, video- rate Px64 on CIF
i mages (both encode and decode), MPEG'(encode and/or decode). 15
The quantization processor is the resource that conputes forward or inverse
quanti zation, mean sgpegggevari ance, and quanti zer nodifications. - The
processing state machi ne 1716 serves as the sequencer for the instruction
Average Tokens
Operation code: 03
15 Processor: APU
Max. destinations: 3
Data operands: OP1 -~ data token

0oP2 - data token

Parameters: none
20 Result type: data token
Function: The least significant 9 bits of

each data word in OP1l are added
as a 2's complement number to the
corresponding bits in OP2; the -

25 most significant 3 bits of each
data word in OPl1l and OP2 are
discarded. Only the least
significant 9 bits of the result
are retained. The 10 bit sum is

30 interpreted as a 2's complement
value and divided by two; the
result is rounded to the nearest
integer, with half integers
rounding away from zero (e.g. 1.5

35 rounds to 2.0, -1.5 rounds to -
2.0), and sign-extended to a 12
bit, 2's complement number. Bits
95 through 22 of the result



cution in the QPU. It operates with the global bus control 20 state
#Machi ne (WOPABEBEs an input token. The Q RAM 1718 contains sPETAFEYPHIT up
“ito 192 8-bit quantization values. This RAMis initialized by the external
- host processor before processing by the |1 Ggis started. The storage space
inthe RAMis logically sectioned into three 64- 25. byte tables. For JPEG
quanti zation, the RAMtypically contains BEQcE%EstZakboaoﬁabﬁiQQ%meHtkhe
| um nance and the 2 chrom nance conponentsg og %na er¥. Eor MPEG
quantization, only the first 2 tables are asEBFO¥IB 820°FsCPRi'Si al i zed with
the quantization matrix for intra codi ng. désbképtors RAilenbiitsl 22edhwicularh
the quantization matrix for non-intra codLna ggr Px64 tgis BRAML IS not
used and therefore, does not need to be ifii Fa FefoSUhe A8 FEARES T of T the

Q RAM a%e al so readabl e by a host processoopied fhemhbitsi BlethzoaghA0 of
buffer control block 1720 provides the ad $se : c l. fl:gnals ;1.0
the token buffer and the quantization natg?g %wﬁf%%{ﬁgﬁg? ?ghégRABﬁg 95° 1%
addresses are forned mainly fromthe counthe mestesignifiigankYh$E) -CNT,
PRE2 _PEL_ CNT and i tgSeé } \ t hegpr LN t al.e chin he
DuTeer V0 b4) 2505 T TeP CtoRRReiong:  NOIE! BFEASE GRS 8F CoBB ] RL/ %%54% 04617
55 control block also contains a 32x16 Zi €388 FRekenTas Rue nblgsksg féelds
zigzaggcanning the input data bl ock and jhetredpt 883t optbeh! 8o Bot

ARl THVETI C PROCESSOR UNIT (APU) (Fig. 18) Fig. 18 is a bl ock di agram of
arithnetic processor unit 420 of Fig. 4. %@E&Bba?hﬁu§e§?%Pelﬁa€h RBtY¥810
communi cates with the internal global bustdikén foptéd ffomobemn butfRasgih§l2
and 1814 store the tokens for processing.n@ 10 Pyocessor s%ate machi ne
1816 nanages the processing of an input *-° €rrilag bit set.

15  SUBTRACT
"Subtract Tokens"
Operation code: 04
Processor: APU

Max. destinations: 3

20 Parameters: _ none
Result type: - data token
Function: The least significant 9 bits of

each data word in OPl are
subtracted as a 2's complement
25 number from the corresponding
bits in OP2; the most significant
3 bits of each data word in OP1
and OP2 are discarded. Only the
_ least significant 9 bits of the
30 difference are retained, and the
final result is sign-extended
(from bit 8) to a 12 bit, 2's
complement number; The
descriptor of the result token is
35 copied from OP1.
Error conditions: If either OP1l or OP2 is not a
data token or the nblocks fields
in their descriptors do not



token. A unit controller 1818 generates the control signals needed for the
ari thmet WO 23935 A filter arithnetic processor block 1820 i nBFEWSM/eHiHe |,
transfer function of a 3-tap loop filter as well as addition, subtraction,
averagi ng, and 15 clipping operations. fppair of buffers 1822 and 1824
are provided to buffer the data into and out of the arithnetic processor
unit 1820. RUN LENGTH PROCESSOR UNI'T ( RPRhL+(Ri thégkegglt is a contddd. 19
is a functional block diagramof the RPU 426 of Fi.g. The RPU includes a
t oken RAM 2010 which is controlled by a teken RAHP@Gn?F@P P8 EWoPavingese
connect to the global bus 416. A codec pjesgesser1dglpiscEees a%r&fQQ@als
format changer between the internal data &oken for t and t &g exterg@
run length format for host conmunication® sPtséﬁcﬁ e8P R¥SGhait Pefurre
transfgrmcoefficients into a series of &upihgvel sabdrdetdades (d.eer ione @f
run-level pairs to formthe quantized transfqQrm.coefficient Lt .akso makes
header words fromtoken descriptors duriﬁﬁeeﬁ&ggfﬁangﬁa SQPﬁch§th§§aer
words froman 30 encoded data sequence depragedeeddasga 9l biits 2dennect ed
bet ween the token RAM and the run data i 0 ected to the host
2018. Interface 2016 is controlled by a %%%%;gﬁgﬁﬁ éﬁﬁsgg2°run | engt h codec
is controlled by state nmachine 2022. The RPU al so includes interrupt logic
2024 d host addregggggﬁgder 35 block 2026. TOKEN | NTERFACE UNI'T (Tl U)
(Fig.” 20) WO 94/
PCT/ US94/ 04617 56 Fi'gee@-Fileen| Beker agram of the token interface unit
428 of Fig. 4. The tkeratiberésge: has agRAM nenory 2110 that is shared
between the 1 CC and the host processor. A control |ogic block 2112 controls
the buffer and the tRAPERIIE- APU

Max. destinations: 3

15 Data operands: OPl - data token
Parameters: o none
Result type: ~ data token
Function: If bit 44 (i.e. usrbits(0)) of

OPl's descriptor is set to "1i",

20 the least significant 8 bits of

' each data word in OP1 are loop-

filtered as defined in the Px64
standard; the most significant 4
bits of OP1 are discarded. The

25 final result is sign-extended
(with zeros) to a 12 bit, 2's
complement number. If bit 44 is
"o", no loop filtering is
performed, and the least

30 significant 9 bits of each data
word in OPl is sign-extended by 3

- bits to form a 12 bit, 2's

complement number which is copied
to the result token; the most

35 significant 3 bits of each data
word in OP1 are discarded. 1In
any case, the descriptor of the
result is copied from OP1.



5 nDdes,'the.globaI bus access node and the host access node. HOST® :
| NTERFACEYONH/ES36I U) (Fig. '21) Fig. 21 is a block di agram of PCRAIS#E¢617
interface unit 412 of Fig. 4. The H U plays an interface role between the
10 host bus and .| CC nenory- mapped registg s in the different functional:
units. VIDEO I NTERFACE UNIT (VIU) (Fia. 2'? Fig. 22 is a block diagram of

the VIU interface. Therby c¥ndi®3mmects U (18 ii¥ {dtdla Harhaltdisn 416 th
a token RAM 2310 under the control of buffer control |ogic _2312. A hosx

interface | ogic block 2314 allows controlfsfddctis a IhdakemieRRERD

412 of Fig. 4. Gobal bus state machi ne Zgbm @Y HUtsS HRE ML GESS dirflhg
gl obal bus 416. A buffer 2318 connects %P t he .external video nenory data
bus. A video nmenory arbitration unit 232 1% fe%-at es video bus requests
fromré&fresh logic 2322, SAM DRAM transf-er bl ock 2324, page node i nmage
fetch bl ock, and an gp&@rnal bus request. An interpolator 2326 operates
under the 25 control Of a state nmachine 2328. Finally, a state machine
2330 controls the vi BBorwamdr PCBUs access. AUXI LI ARY | NTERFACE UNI T (Al U)

(Fig. 23) The Auxiligp¥rheithfasgelnit (fLU) 430 serves as. an 30
interface between theﬁlﬁt ang up Fo fouregxternal processors which are

physical |y not part BFOFRESPEE. Each ext ®Fal processor, in turn, can

contajgp up to four fuagli QeatiHAtlisnwhi ch nmay operate concurrently. The Al U
functions in a manner simlar tqQ other functional units internal to the

ICC, i.e. it 35 recPRFIeSPEFaRESsor pacREls —afdt8pdPXsd t okens from DCU
418 and returns procpasakhepaekets and regghle tokens to DCU 418, all over

G obal Bus 416._An_i£strf€tLoneLs sent taaggetékgnby DCU 418 for execution_
only if its X bit is ser to-?E® Howevef
Function: An 8 by 8 forward DCT is
15 ' performed on each data block in
' the input token. Only the least
significant 9 bits of each word
in each data block are input to
the DCT; the 9 bits are
20 _ interpreted as a 2's complement
integer. The DCT produces 8 by 8
data blocks containing 12 bit 2's
complement integers which are
placed in the result token. The
25 - descriptor of the result token is
copied from OP1.
Error conditions: If OP1 is not a dgta token, the
result is a control token copied
from OP1 but having its errflag

30 bit set.
IDCT
"Inverse DCT"
Operation code: 08

35 Processor: DPU

Max. destinations: 3
Data operands: OP1 - data token
Parameters: none



WD 94/ 25935 ' PCT/ US94/ 04617 i nst ead
of execuMW®@4/2393kh an instruction, the AlU sends it off- chi pPED/USPHE06L7
appropriate external processor. A block diagramof Al U 430 appears in Fig.
23. The AU contains a 16 word by 1 bit ggazm)ry ecalled the 5 "External
Instruction Status Table" (EIST) 2450. he EI ST has a single word for
every external functg t Ubbe : AN extera@#afggﬁéhonal unit's entry in the
EIST is set to "1" if this unit is current usy executing an_ instruction;
the entry is "0" if EURCRHPR:is idle. AR %n@)’i%s“ﬂ’ﬁe?% Tifire set to

"0" 10 whenever the ICCis reset. The fdsfoifed casl BYe UpglapetUpirg 812
within DCU 418 and witten by the AU and m;Y be witten and, read

i ndependently. An external instruction (FORPLPRNHNRECIERS (1nseagh)data
mapped onto an external functional unit blddek imetheabipdd tokgnifi Thst
four bits of its OPCODE field; the least,signifi t I Ls,Sel egt
external processor, and the next two bi YR I?ﬁ)gs%éc\ég?g%% ?h@’f%n%%?%nal
unit within the ‘external processor. ThesEldcks dontaiminglsdcbited'sy both

the DCU and AlU to address the EI ST. 20 oonnjement ﬁ@%x@@%@ﬂté% 2410
is responsible for sending and receiving processor pac S and tokens to

and from DCU 418. It reads processor padiemn signrewkended cgothenpibs and

Procqgsor Packet Registers and Control BlofdeP420-tid Ada01¢ PdReh ESUTKe
tokens fromand wites operand tokens to Token Data Buffer 25 _2440. Token

Data Buffer 2440 contains a 33 word by SPIFXiRESHIGL dhe Epselbrkokernts a
singl e control token or a single four blggddpta-dwkspy. i.e. external

instructions may haye at nost..g single qperand token. The token in the
nmenory can be 30 eﬁrﬁé}ré’ﬁ’ ‘t okt BY TRy ’I%t?e TR Y‘E’}‘%' e%%r nal
functional unit or a result token which desulteers reteormtarblbytaken ofopimde
uniti!5 Auxiliary Interface Bus Control Zf@%qn iosplr%si&oqlsai\g!neg its errflag

bit set.
FQUANT (4:2)clipsel, (l:0)algsel
. "Forward Quantize"
20 Operation code: 09
Processor: QPU

Max. destinations: 3

Data operands: OP1 - data token
Parameters: ' algsel - quantization algorithm
25 select:

0 = Px64, 1 = MPEG, 2 = JPEG, 3 =
illegal clipsel - clip range

select:
000 = [-127, 127], 001 = [-255,
30 255}, 010 = [-511, 511], 011 =
[-1023, 1023], 1XX = [-2047,
2047]
Result type: data token
Function: Forward quantization is performed
35 on the input token using the

algorithm specified by algsel and
described in Section 5. All non-
(intra DC) quantization results



for sendi:ng and recei ving processor packets and tokens to and_35 .fro
ext er nal Y"g)rﬁf'[’ | units. The protocol used for these translfréﬁ:’gs?“éo“r’
described in the MEC Application. These transfers are .synchronous to the
auxiliary interface bus cl ock, XCLK. XCLK+i3s asynchronous to the i nternal
processor clock, PCLK, = WO 94/ 25935 . :
PCT/ US94/ 04617 58 which is used transferrafg)émﬁpp@aeto(inbafaﬁga 416.
Li ke d obal Bus Control 2410, Auxiliary Interf Cﬁ gé 2430 r eads
processor packets fromand wites themtc®rot %%% ¥GE TS RegRB P398R
Control Block 2420. It also reads operansktendekens i2opmitad2Whsites result
tokens to Token Data Buffer 2440 and is reg tLin d . .
clearing bits in EIST 2450. Min COntrO||éFﬁ§Q%H§IS rgﬁt%%s§% guggglzatlon
- coordifating the activities of d obal _Bua‘dk;lﬁt&lamlﬂoarﬁlmeﬁih\ay aﬁe

I nterface Bus Control 2430 since both accg t$¥§ﬁﬂ$§t r£8S+ ¥ 4, by
AlU. Main Controller 2460 al so determ nes e s%ﬁ?%g g? 1%%5%#9
sends it as a signal to Update Unit 412. QQHPIENEW% |d¢%¢|¢e§%¥hPtP§baﬁ Bus
Control 2410 and Auxiliary Interface Bus GaitFedui2430oés 1ot cbys¥d #Bom
Bef ore DCU 418 sends a processor packet and operand token (if any) to AlU
430, it checks to be sure that both the AR}-and the external functional
unit destined to recgrror drditingtat a 1 opdlEs Adt tdedatentlskéheodat a
to G obal Bus Control 2410. After the process cket. and o apd token
(if 20 any) are stored in Processor Pac ﬁégl Stdr ST ”Eﬁo?’sB?ock
2420 and Token Data Buffer 2440, respectkmm&qroIWndkéhnu¢pdé®rfnnmiinebut
Auxiliary Interface Bus Control 2430 to p riate
external functional unit. Auxiliary Int er ace %usé%ogrtéﬂfggéet%gg %‘gg sets
the bit in EI ST 2450 25 correspondlng to this functional unit to "1". -

15 TFQUANT (4:2)clipsel, (O)algsel
"Threshold and Forward Quantize™"
Operation code: 0A
Processor: QPU

Max. destinations: 3
20 Data operands: OP1 - data token
Parameters: algsel - quantization algorithm
select: 0 = Px64, 1 = MPEG
clipsel - clip range select:
000 = [-127, 127], 001 = [-255,
25 | 255), 010 = [-511, 511], 011 =
' [-1023, 1023], 1XX = [-2047,
_ 2047)
Result type: data token
Function: The DCT coefficients in the input
30 token are adaptively thresholded
(if applicable) and forward
quantized using the algorithms
specified by algsel and described
in Section 5. Note that only
35 non-intra blocks (as identified
by the mbtype field in the token
descriptor) will be thresholded.
All non-(intra DC) quantization



Each external processor unit having a functional unit. w shi 1§ a
resul t DAOKOH293 U 430 asserts an XRQST- input pin on the Ié%q'f&&?fo?? ry

Interface Bus Control 2430 arbitrates between such requests which occur
simul taneously. 30 |If the AlUis not bugy as determ ned by Main Controller
2460, Auxiliary Interface Bus Control 2430 signals the sel ected processor-
over the auxiliary interface bus using trhesylityd ecfd ¢eigpedetb ithé heand
Application. This processor then selects froma t he. possi iple
functional units within itself 35 requesstqeﬁb“%eerr%iq%'e Mﬁe:ip%%s ‘%)I; Al U
430 with the selected unit's processor patlerideahdto esulbitoiys (if any).
The latter data are transferred over th quﬁi I . i "ég{ﬁ
| i ke that described in the MEC Applicat?%h. &%&?ﬁ%ﬁry 1H§d¥?éﬁf§?§% en
PCT/ US94/ 04617 59 Interface Bus Control r23dtscste awh rlirned ubraxeit
in Processor Packet Registers and CO””%].S? %Igrg_zgg&%dToé@r&pq;ﬁngfgr
4

2440 as required, and sets the bit in | correspondi ng to the
respondi ng functional unit to "0". Mai FREGEReY el APIHSIPEIG R s

G obal Bus Control 2410 to send the proggssFediAdkalioiyl adyedesad trtaken
back to DCU 418. | CC SEMAPHORES The present invention provides a uni que use
of 10 semaphores. Historically, sema¥dres have been used to inpl enent
si ]gnle i ng mechani sgErio @.@ﬁaiittimezlshamim@m]{ iy iddtcal dwttalvokemncthe

sof tware conputer resources anong nultiple tware prQcesses. chi s
resources are declared "critical" in thé"tesé‘;c lr?af t§§°“a5c°§s§°2°d‘e§§ orﬁlyedone
process at 15 a tinme. Semaphores thengfelomreOrr duly ihavdalg Vidrd sxtrflachi ch
sof tware processes typically "test and &’ g:fore entering the critical
sof tware regi ons which actually mani pul at'e the ‘shared

15 CFQUANT (4:2)clipsel, (0)algsel
"Forward Quantize with Clipping Control"
Operation code: 39
Functional unit: QPU
_ Max. destinations: 3
20 Daﬁa operands: O?l - data token
Result type: ~data token
Parameters: algsel - quantization algorithm

select: 0 = Px64, 1 = MPEG
clipsel - clip range select:

25 ' 000 = [-127, 127], 001 = [-255,
2557,
010 = [-511, 511], 011 = [-1023,
10233,
1XX = [=-2047, 2047]

30 Function: Forward quantization is performed

on the input token using the
algorithm specified by algsel and
described in Section 5. the
quantizer parameter used is

35 nominally supplied by the quant
field of OPl's token descriptor
but is increased if necessary to
prevent excessive quantization



resources. The "test and set" operation."tests" the value of a semaphore to’
see if | WhAY23%BE proper value to allow access to 20 its asBEGBUAMHEHSLT
critical region and then "sets" the semaphore to this value as part of the
sane ‘i ndi vi si bl e ‘operation. For exanple, ggppose the binary semaphore P

must have the value "1" before-a process nmay enter the critical region

guarded by the semaphore. A process mﬁshbﬁqgﬁg t@s (picidbied " ion then
""tests and sets" Pto "1"; i.e., Pis teste -féﬁpﬁgiing t he vaIJ@g"l" and
then set to "1" regardl ess of the resul t AP0 )t & 2i9-ZAAF9%st result is

positive, the process does not enter thecaaﬁﬂmaiéﬂfgluaﬁﬂyaﬂghinasmngmpve,
the process enters the region, and the "set" Qg;tion of, the 30
indivisible "test and set” operation pre@n&EhPihfe' s PR+

enteriBg the region. In the latter case, whetesIASTTIIH ipr duessalaies P back:

to "0" via a special operation as it exit h ritihcal .reg her eby
gi ving ot her processes a chance to enters%F%e%SED'Ehe LAé?E#ﬁkﬁ%&¢%ns on
semaphores nust be supported by speci al regtister:;omwefifidients dkowe | evel

whi ch guarantee nutual exclusivity when §§g&Q§ r i For
exanple, if the "test and set" operation _escr?Eggrgbgegg#gﬂbggforﬁe ‘%b
WD 94/ 25935 ‘ ' Note that if mbtypess/0AGMItGo-

separgpe "test” and "set" operations, ONgoREYCEHS oY sl Epke WY tR AN
conclude it can enter the associated critical region, followd by another

process which tests the same semaphore akBer B&cFeeIficiente (dorfel usi on
prior to the first 5 process setting thecegrdaeient 09 Rheovdll ifsimdier

"Ipl ermenting & semaphor e signal |1 ng. mechSAPIRFEREcER E4EPST GLIRERRT F n a
progranmmabl e, parallel dataflow . clipping control, regardless of
15 the value of LASTCLIP. All final
quantization results are sign-
extended to 12 bits 2's
complement. The descriptor of
the result token is copied from
20 OP1 with the exception that the
quant field in the result
deécriptor is updated to reflect
any changes required to prevent
clipping.
25 Error conditions: If OP1 is not a data token, the
result is a control token copied
from OP1 but having its errflag

bit set.
30 CTFQUANT (4:2)clipsel, (0)algsel
“Threshold and Forward Quantize with Clipping
Control"
Operation code: 38
Functional unit: QPU
35 Max. destinations: 3
Data operands: OP1 - data token

Result type: data token



environnment. | CC semaphores are mainly used for the follow ng_ 10 ur poses:
1. Li %A #2383 nunber of data tokens in existence at any %SVH 9‘1[’)946 T me..
2. M nim zing the size of datafl ow prograns. 3. Synchroni zi ng program
datafl ow wi th external 15 events. Jge need for item1 stens fromthe
limted nmenory the 1CC has on-chip for storing data tokens. Recall that the

I CC.can sinultaneouspyrameterdp to 128 t @Re@el10t YuantiRetildn @lgdriecHer
i nstruction) but only has roomfor 64 bIocﬁ al.l ocatiqn 20 gpé}}i BAUs)
whi ch det ermines the maxi num nunber of d&f2SCoKeds SWireh cdn e & %red. A

data token requires either one or two BAddipsed ahclfperabawndeledthe

nunber of data tokens which can sinmultangausly exist i fl raph js one
for each data token- producing instructigﬁg r.é.?z nelggﬁén(ﬁﬁg'éﬂ?sgadn
every 25 instruction output arc. Ther@B8ide, it is possible to create |ICC

prograns which can theoretically require re BAWs th re aid aghl
on-chip. Asimlar situation also exi_sts0 or ditgﬁﬁdwﬁggiﬁipgéiur slgﬁﬁér
than the I CC, since all architectures evafRdadlly becone nenory-linted. 30

The ICC allows a progranmer to limt datgxkoge@_ngquzggage by providing
semaphore instructions which can be used_ to tenporarilx stQp the fl ow of
new data tokens int FWNFFLABF aph when t hAApPEMYRaShTRShehding dedgdogward

potentdal |y using too many BAUs. The | CCqhaathdatiensagdpperifottedhion ahe
?5 cal | ed TSTDEC (ior "test and decrengnt se Rhore" an%BéNCEEM &f r
i ncrenent semaphore"). Fig. 24 shows anlﬁRﬁﬁpgg 6P HE® FSTRRC2aTRT ﬁ%gﬁM
m ght be used. The principle behind the spachféedsbyhalgsethand desetidedl
PCT/ US94/ 04617 in Section 5. Adaptive
thresholding is only performed if
15 mbtype # 0 (inter-mode) in OPl's
token descriptor. The quantizer
parameter used is nominally
supplied by the quant field on
OPl's token descriptor but is
20 ' increased if necessary to prevent
excessive quantization clipping
(as specified by clipsel) on zig-
zagged coefficients 0 through
LASTCLIP in each of OPl's data
25 blocks, where LASTCLIP is the
value stored in the LASTCLIP(5:0)
register; coefficients above
LASTCLIP are clipped as needed.
Note that if mbtype = 0 (intra-
30 mode) in OP1l's token descriptor,
| the DC coefficient (i.e.
coefficient 0) in OP1l is not
subjected to either clipping or
clipping control, regardless of
35 the value of LASTCLIP. All final
quantization results are sign-
extended to 12 bits 2's
complement. The descriptor of



e Bt

i ;tlne a token is admtted |nto the flomgraph bet ween t he TSTDEC and
PNCSEM i wad 942398%Hns, it "spawns" the creation of a bounded REHEPIHSHew
Ftokens within the flowgraph.: For exanple, each new two BAU'data token
entering the fl owgraph through the 5° TSTDEC instruction in Fig. 24 results
. in the generation of a maxi mum of two tokens. for a net increase of four

BAUs. Therefore, after N tokens have ent@hed ddaiihd QuKed s @dﬁgm&f 2N
new t okens or 4N BAUs will be created within the flowgraph. O urse, the

net number of new tokens created 10 derPﬂoﬁlﬁéhFPﬁu@ﬂﬁ?ﬂ?ﬁﬂ%& % +hs,
unbounded fashion since all tokens are cemamtEdiud Hey thee ddwyitexit the
fl owgraph through the I NCSEM i nstruction., The ,exanpl.e i né{;t%d éﬁg eiﬁl
Semaphor e Regi ster 0 (SEMREQD) to track CRSSFHREEMSTMD s
by thesl5 flowgraph between the TSTDECamwyd chidfigleld nrestuixeid dws . prefent
INITSEM i nstruction initializes the senagggﬁgﬁg "8" which is two | ess than
t he maxi mum nunber of BAUs which wll ¥to exist in the f1 owgr aph
(why it is two | ess Brrbrbeoesdptdonsd | aldr )‘.)PlWJ.snrmtt @kdratias tatkearhe Yheput
to the TSTDEC 20 instruction, the inst n 5'sgyard I
fl owgraph by conparing the value "4" (i E'Jé%;‘ltlh r?m%' me nu t)ré’}ac‘f?‘lt %ﬁi
i nput token will spawn) against the curréﬁpmvéﬁueb@ﬁ bhalggmmﬁﬁnq?rthg'ur
is Ieﬁ than or equal to the semaphore' spv@l we+(i.e., thére is "room" in
the fl'owgraph for the new 25 t oken), TSTDEC ecreases t he semaphore by
"4" and passes the token into the flowgraph; otherw se, TSTDEC does not
pass the token and hp@ﬂgnmt at its input ¢dpiohlalgeell atter test condition is
satisfied. Cbrresponﬁi ﬁ ¥ at _t he_ bot{om of the fl owgraph, the | NCSEM
instruction increases-RRE8TEENAPABEE26Y “4" to 30 account for all the
i ncremental BAUs havopgrattonusedesp. Nooe that the INCSEMinstruction
decreiges t he semaphgre' s value before cggguntng its input token.

e

There to account>TSFPHRFS token, maphore is initially set to
Max. destinations: ' '

Data operands: OP1 - data token

Parameters: algsel - quantlzatlon algorithm
select:

20 0 = Px64, 1 = MPEG, 2 = JPEG, 3 =

illegal

Result type: data token

Function: Inverse quantization is performed
on the input token using the

25 algorithm specified by algsel and
" described in Section 5. The
result is sign-extended to 12
bits 2's complement. The
descriptor of the result token is
30 copied from OPl. '
Error conditions: If OP1 is not a data token or
algsel = 3, the result is a
control token copied from OPl but
having its errflag bit set.
35 _
MEANSQ (1:0)compsel
"Mean Square Value of Component O"
Operation code: ocC



two | ess than the maxi num nunber of BAUs. Al so note that the 35 TSTDEC and
| NCSEM i Wet94289350ns are executed by the same hardware withi FGTHESHBELINi ch
forces themto operate on the semaphore in a nutually exclusive fashion.

WD 94/ 25935 78 PCT/ US94/ 04617 62 A
second use for semaphores is to limt the size of I CC prograns, since the

| CC's program menpr $,,3eeRly-:128 words lgppg. This is acconplished by using
the TSTSEM and | NCSEM semaphqre instructions to tinme-nmultiplex tokens from
nultiple 5 sourcesMA¥todeFE18a e oNSéwgrPaph fragnent, thereby avoiding the

need to duplicate i pathUepe@andsAn exanpipa S aa@wrdkerfig. 25. A
ti me-division nultiglexer is formed by the three TSTSEM i nstructions whose
outputs are connect EAFEBEERESi nput of t REPENCSEM i nstruction. Each TSTSEM

instrgction conpar eReSGVBEGPPEQ Wit h t kentalode tokerhe cntrl field in the

t oken descriptor of_its_i.nput token. The.input tokens a ownas T1, T2,
and T3 in Fig. 25 aﬁﬁnﬁﬁﬁo How up at th@hfn & 3#&%%5 &%ngﬁec ive TSTSEM

instructions in any order. If a cntrl fiCompomenth®s iSERREGAS tdmmPISESEM
instruction copies the input token to itg4l put. ReYSE. 01t e FRESEM
instruction holds the token at its inpu%igngffgghhg%kﬁgﬁ%ﬁggﬁﬁgvgd. The
idea behind this is to sequential |y nunesulskdescripigrihdihe &asl 95 el ds

so thgt only one TSTSEM i nstruction mﬁlEhgaggsbggpkﬁguqsahd@gédugﬁ&min
time. The INCSEM i nstruction then copies_the token fromthe 20 _active

TSTSEM i nstruction to its own out put an@Pincr SRenBEAHEREFRSH NG M%S0 as to

enabl e the nultiplexer to pass the nextmeaked iAscoiputednals:g. 25, the
| NCSEM i nstruction out puts tokens in the order T%z(T det erm ned

_ 2, &nd. Tl a
by the values of their cntrl fields. 25R€ansq = PﬁlﬁhPF&ifis]f”f or
semaphores to allow an I CC dat af | ow where:

15 n is 64, 128, or 256 depending on
whether Component 0 contains one,
two or four 8 by 8 data blocks,
respectively;
pel; is one of n twp's complement

20 data words from Component 0 of
OP1 and must be in the range
[-256,255];

Z(°) denotes a summation over all
n pels in Component 0 of OPl; and

25 . n(-)/(")" denotes integer
division of two operands with
rounding towards pegative
infinity; e.g. (-1)/2 = (-1) and
1/2 = O.

30 _ Note that this instruction
assumes that every data word in
Component 0 of OPl is in the
range [-256, 255]; i.e. only the
least significant 9 bits of each

35 12 bit data word in Component 0
are accessed. Note that n o
error is flagged if bits 11
through 9 of any data word in



: progran1to be synchronlzed with events: external tothe ICC.- This is

acconpl i SFE 3§sing the TSTSEM i nstruction to temporarily RETUSIMOHIT ow -
until an external host processor sets a semaphore to a predeternined val ue.
For exanple, the TSTSEM 30 instruction ggown in Fig. 26 does not pass the
i nput token "T" until the value "3" in'its cntrl field matches the val ue of
SEMREGO. The host processor, 'in turn, eveg leht! 92D fot3 matH pIEVEGO
via the ICC host interface bus. As it will|l be understood by those famliar
with the 35 art, the present invention ﬁﬁ?mb§h€nﬁéaﬁb@aFﬁ HF&- specific
forms without departing fromthe spirit mheﬁaieﬁhlaheahaqaqge@rﬁaygsan
t hereof. Accordingly, the disclosure of the Bnefer%eg %ﬁbodl af the
invention is intended to be WO 94/ 259385 16 bit posi iVe integer
PCT/ USB4/ 04617 63 illustrative, but not Whichi dg, copielde intepafdfelid(as:o)
invention which is set forth in the foll Qw clalms .alternative
enbodi nents are set forth bel ow. Each ofB?nggpggﬁa tp&?%ggé processi ng
units could 5 instead be a general purpsféepdfedsibhgisnset to zero.
Alternatively, the gepesalcoHapesenktocessi agiUnL! Aokl dalg Rop@RAEed to
becone special purpose units dependi ng upon the program such that ‘they
will accept only certain instructions. |R°8foRAEr cerbadnnEampongstefd @he
each 1@struction being specified for a 1Qes§gﬁtggna §gﬁgkaklfoﬁgafbg5
processing unit, nultiple processing un|%§ coul d be configure éle a
certain instruction, such that instructi gmmBEdeHEVBaﬁleﬁoFEﬁ SFrﬁﬁﬁﬂlple
units to execute then1 t hus inproving theipi ®etine operation. 15
In the descri bed enbodi nent, each of the processing units is
si ngl e-buffered, such that new tokens nust wait until

_ VAR (0)varsel
15 "Variance of Component 0"
Operation code: oD
Processor: -~ QPU
Max. destinations: 3
Data operands: OP1 - data token
29 . Parameters: | varsel - variance output select:

0 = return variance of entire
cohponent
1= retﬁrn minimum block variance
Result type: - control token _

25 Function:’ If varsel ='0, the variance of
Component 0 in OP1 is computed
over all data words in the
component and stored in
sfield(23:0) of the result

30 descriptor; if varsel = 1, the
variance of each data block in
Component 0 is computed
separately, and the minimum of
these variances is stored in

35 | ~ sfield(23:0) of the result
descriptor. In either case, the
rest of the result descriptor is
copied from OP1l.



the unit is finished processing the previous token. Alternately, a

doubl e- g bgps93g system coul d be used such that new instrucPCDRS/MEIZA and
t okens could be received while the 20 processing unit is currently
executing on previous data and instructigns. Wth respect to the token
menory unit of Fig. 14, in one alternatesgnbodinent t he hardware can be set

up to have a designated token address fg@&?%’%ﬁ% 3t=__r Yot itl(yg ‘g#d{rheéés]eatvalt or

25 instance, instruction 1 will always t 0 ‘t oken 1, "and
instruction 2 to token address 2, etc. Ts somputedalasgsw the el i m nation of

t he header stack nenory which dynam cal %%ﬁiSiﬁq%W%sﬂ{;?ﬁ ﬁﬁ_
a a t he

different instructions. Such a static designatio _

el imnation of the 30 operand RAM'fieIdiﬁﬁipﬁﬂq)dddm%ifﬁﬂﬁﬂ?kﬁ&ﬁ& of Fig.
3A. Ipstead, these fields could be statically established upon
initialization of the system This would el'im nate the need for the update
unit to wite into the operand fields, #t@¥&igh the semaphore field and the

operand present bit would still 35 have tig kq wiidst et @5% ddtendiinf on
unit. In addition, the result packet format shown in Fig. 3B cou

d
elimnate the result token address, sin¥detfier {GHPS & Bt T3S0
the instruction address already present two,t e Faute by 8\Wdabd 2RWWXKs,
PCT/gﬁQ4/O4617 64 Other variations of the preferred enbodi nents of the
preséflt invention will be apparent to tRSSESSF Y& in the art, and
accordingly the scope of the invention pelgsisepnieocithn frwdies fasnpwnent

clains. . data words from Component 0 of

OP1 and must be in the range
[~256,255];

15 £(°) denotes a summation over all
n pels in Component 0 of OPl;
"(°)/(")" denotes integer
division of two operands with
rounding towards negative

20 infinity; e.g. (-1)/2 = (-1) and
/2 = 0;
n(+)**2n denotes squaring of an
operand;
nelip{°}" denotes clipping of

25 negative operands to zero.
For varsel = 1,
var = min(clip{[;j(pelij*pelij)]/
64 - (([E(peljy)1/4)**)/256))
where:

30 pel;; is the ith two's complement
data words from data block j of
Component 0 in OP1 and must be in
the range [-256,255];
Ej(') denotes a summation over

35 all 64 pels in data block j of
Component 0;
n(*)/(°)" denotes integer
division of two operands with



WO 94/ 25935 .. | - - 'PCT/ US94/ 04617 65
APPENDI XWD 94#/25935 nst ructi on Set Description 5 Thi s sedGTSWSHAO4Yi bes
each ICC instruction in detail. Instructions are grouped into six

functional classes: Arithmetic; Logical; ghescriptor Mdification; Dataflow

Control; Video Menory; and Host Interfacé&™ Each instruction description

begins with the instruction's 10 %ﬁg}%fdé | Radrot §hr6aps) and
eac

|ist of applicable paranmeters (in italics); paranmeter Ts prefixed in
parent heses by the range of bit positiornfinieruptes- i frihé2ins{ritt 288
word. The instruction's nuneric opcode is,shovg. in hex. 15 The

foll ow ng abbreviations are used to indi at 6,4 he | CC functional unit
assigned to execute each instruction: APU (JAri3hRenetes REB+NUNPE) 2NDPU
(DCT Ryocessor Unit); QPU (Quantization dy&egasor Unit); DCU (Datafl ow
Control Unit); VIU (Video Interface Unit); RPU, ( Length 20 .

Processor Unit); and TIU (Token Int erfac')é:lﬁrﬁﬁ )}.'Ruééjﬂn%?g? h‘ﬁﬁ‘}?%”?ﬁe?gt i ons

ADD (Oclip "Add Tokensexfut s i opetrand<l tep"z&bo; and
Operation code: - 02 Processor: : . U, Max. destinations. 3 Data
oper ands: OP1 - data token OP2 - dat%tRbok hwgﬁp°tes the mlni%?%n% ers:

clip - 1 bit boolean constant Result typse computeﬁﬂh&&@kemafﬁnncesn:I
conplThent “nonber o the 35 - oo (oabihdd (it A BAUERGH detmie
bits in OP2; the _ that every data word 'in Component
0 of OP1 is in the range [-256,
255]; i.e. only the least
significant 9 bits of each 12 bit
15 data word in Component 0 are
accessed. Note that n o error is
flagged if bits 11 through 9 of
any data word in Component 0 do
_ not match bit 8 from the same
20 data word. If rounding effects
- cause a negative difference to be
- formed during the final
substraction in the calculation
of a variance, the difference is
25 . forced to be zero. Theréfore,
var is always an unsigned 16 bit
positive integer which is copied
into sfield(15:0) of the result
token; sfield(23.16) is set to
30 _ zero. -

Error conditions: If OPl is not a data token or
does not contain Component 0, the
result is a control token copied
from OP1 but having its errflag

35 bit set.

ADAPTQ
"Adapt Quantizer™



nmost . significant 3 bits of each data work in OP1 and OP2 are discarded. |If
clip = 1weadnssssm WO 94/ 25935 PCT/US94/04617
PCT/ US94/ 04617 66 is interpreted as a 10 bit 2's conpl enent val ue and
clipped to the range [0,255]; if clip :(ﬁécwﬂy the |l east significant 9
bits 5 o1~ each sum are retained and no

clipping is perfornqﬂi h ase, t final result is sign- extended
(frombit 8) to a 12 %ékfgﬁ 8%d£1enent§ﬁunber The 10

descriptor of the ré@um¢thm@#1WEA%bpledQonn1CPl Error conditions: | f
either OP1 or OP2 igqipt &béggﬁhﬁfgﬁg orsthe nblocks fields in their
descriptors do not 15 match, the result is

a control token copiRaFd repsTIndsiut haV|9§1|Tsa%YrFPﬁﬁan¥P§et errflag is

also set if clip = Geuhw@rewyes f| ow occesriedotutbrgnan 20
addition (i.e. one %j t he suns could not_be represented as a 9 bit 2's

conpl ement nunber). NS clip, (8:0)const 25
"Add Constant to TokRmatnibrPptional |y CTipis Gesetaobicndimplements the

Processor: APU adaptive quantization algorithm..

The quant and sfield(15:0) fields

10 in OP1l's token descriptor
together with the contents of the
QGAIN(11:0), AGAIN(11:0),
AVGACT (15:0), MINQ(4:0),
MAXQ(4:0), PREVQ(4:0), and

15 QDELTA(4:0) registers are the
inputs to the algorithm; any data
blocks associated with OPl are
discarded. The algorithm
computes a new quantizer wvalue

20 which is output via the
descriptor quant field of the .
result control token; other bits
of the output token descriptor
are copied from the corresponding

25 " bits of OP1. The algorithm also

| updates the contents of the

AVGACT (15:0) and PREVQ(4:0)

registers.
Error conditions: none.
30
SUBVAL (0)scale
"Subtract Scalar Values"
35 Operation code: CE

Processor: DCU
Max. destinations: 3
Data operands: OP1 - any token type



Max. dés&i&g‘%&g?:- 2 Dat a .op.erar'\ds: 'l S oPl - .data.t'oken SIQ(S{/PS%'%“Y’

Par anet e clip-.1 bit bool ean constant const -

‘conpl enent constant Result type: -~ - datatoken Function

const is added to the |east 35 83 - _ _ ~ significant
9 bits of each data word in OPl; the nost significant 3 bits of each data
word in OP1 are discarded. If clip = 1, o&2h- anytekeh>8gpe

PCT/ US94/04617 67 sug%%éaég%ggpreted as %cagebLtF%g§F9§n¥hggent val ue and
, ; ) e Teds

clipped to the range if clip = only srgnificant 9 5
bits of each sum ar eResudtnt¥pend no cli pphhigolstpkenorned. I n either case,

the final result is ?ﬁﬂEt?éh?nded'(fro”‘?kts%ﬁlh°=allzs?ihld%é§:ﬁg”ﬂh@”ﬁnt
-nunber. 10 ' e descfiptor of the‘result
token $s copied from OP1. Error conditioffBl's tpkepidpscrapterdasa sigven,

the result is a control token copied frogiERhgbut tBa%i B8 bis Q¢1alleadnkd
bit set. errflagis also set if clip =0 and an overflom/ocigrreq quring
an addition (i.e. one of the sums coul d ABPtEackedr Exem 8f1eld(23:0) 9f

OP2's descriptor; otherwise,
~ sfield(23:0) of OPl's token
10  descriptor is substracted from
' - sfield(23:0) of OP2's descriptor.
In either case, the subtraction
is performed using 24 bit two's
complement arithmetic, and the
15 ' least significant 24 bits of the
difference is written to
sfield(23:0) of the result
descriptor. The rest of the
result descriptor is copied from
20 OPl.

' Error conditions: errflag is set in the result
descriptor if the difference
overflows, i.e. the difference
cannot be represented in 24 bits

25 _ | 2's complement; a control token
is returned as the result.

4.2 Logical and Data Copying Operations
30 CMPVAL
"Compare Scalar Values"
Operation code: OF
Processor: DCU
Max. destinations: 3
35 : Data operands: OP1 - any token type
OP2 - any token type
Parameters: none
Result type: control token



as a 9 bit 2's conpl enent 20 ' nunbe_u))l7 CLIP

(15: 8) niwWOM4/25¢38: 0) naxval "dip Token" Operation code: PG /GB34/0
Processor: APU Max. destinations 1 Dat a operands: oPl -
data t oken Paraneters: mnval - g8 bit unsigned constant nmaxval - 8
bit unsigned constant 30 Result type: dat a t oken

Functi on: FulliedGast signi ficang; O DI of sadprlesaryred in OP1
are treated as a 2's conﬁlenent val ue and clipped as follows: if the val ue
35 i 5 IQRRGFINAT i 51\ZIBP3FeR WEER| aced by

mnval in the result token; if the val uesffem@gqy) tdropmky adlesttipor;
repl aced by WO 94/ 25935 .
PCT/ US94/ 04617 68 maxval ; otherwi se, theR&ITHR i 1RFY (AR RE® The nost

signifg cant 3 bits of each data work in ddtipare i@ sl corpbement

di scarded. The descriptor of the result ken S fro

condi tions: If OP1 is not a data toker{mnﬁleérﬁ' esjf%lgpa %oﬁ%ﬁe¥a&
copi ed from OP1 but having its errflag:nr equal to OPl, 1flag of the

bit set. : result descriptor is set to "1";
otherwise, l1flag is set to "o,
10 The rest of the result descriptor

is copied from OPl.
Error conditions: none

TSTVAL (20:0) const
15 "Test Scalar Value"
Operation code: 10
Processor: DCU
Max. destinations: 1
Data operands: : OP1 - any token type
20 Parameters: . const - 21 bit 2's complement
number
Result type: control token
Function: const is sign extended to a 24
bit 2's complement number and
25 - then compared with sfield(23:0)

of OPl's descriptor; sfield(23:0)
is also treated as a 2's
complement number. If OP1 is
greater than or equal const,

30 | ' 1flag of the result descriptor is
set to "1"; otherwise, 1lflag is
set to "0". The rest of the
result descriptor is copied from

_ OP1l.
35 Error conditions: none

TSTDSCR (19:16)bytesel, (15:8)mask,
' (7:0)bconst



AVERAGE "Average Tokens" Q(peration code: . .03 15 o &%ﬁg
Igggf/
ta

APU Max. YB@O$R¥3Fi ons: 3 Data operands: . OP1 - data tokE'FlT

t oken Par aneters: - none 20 _ Resul t type: - dat a

t oken Functi on:: The | east si gni ggcant 9 bits of each data word in
OP1 are added as a 2's conpl enent nunber to the correspondi ng bits in OP2;
the 25 ' "Test Descriptor® most significant 3 bits of each

data word in OP1 and OP2 ar.e di scarded. 'gg:y the least significant 9 bits
of the result are reCESFATIOFhECRF it sdhis 30 _

interpreted as a 2’ spmmm@ssm&nt val ue angatli vided by two; the result is
rounded to the neare I nt Wit h half I nt egers roundi ng away from zero
(e.g. 1.5 35 ﬁtx' dettinatiohs! rounds to 2.0, -1.5 rounds to
- 2.0) 5 and si gn- ext daded cperant®:bi t, 2'0PIlcenm@Emyrddkerurtiype Bits 95

}3?32'?6%34/2(2)482# 28 (rjggc%!rr%p e&F@rﬁ%éﬁ?éi g;itnjljb?lt s 945 l.‘%.tr (gzl?g Stafl a'nge
mask - 8 bit boolean constant
bconst - 8 bit boolean constant

10 : Result type: . control token
Function: a Byte bytesel of OPl's descriptor
is bit-wise ANDed with mask and
the result bit-wise compared with
bconst; if equal, sfield(24) is
15 - set to "1" in the result
descriptor, otherwise it is set
to "0". Descriptor bytes are
numbered from 0 t 11, with byte 0
being the most significant. The
20 rest of the result descriptor is
copied from OP1 with the
exception that type is set to 0.
Error conditions: If bytesel is greater than 11,
execution is immediately
25 terminated and errflag is set in
the result descriptor; a control
token is returned as the result.

TSTCNTR - (9:8)cntrsel, (7:0)const
30 nTest Counter and Gate Token"

Operation code: 35

Processor: DCU

Max. destinations: 2
Data operands: OPl1 - any token type
35 Parameters: cntrsel - counter select:
= vpos, 1 = hpos, 2 = cntrl, 3
= cntr2 '
const - 8 bit unsigned constant



descriptor, while bItS 21 through O of the result descriptor are
copi ed fword2se3s 21 through 0 of OP2's descriptor (note: bi ?ng-’ﬁ%’om nmost

significant bit). Error conditions: If either OP1 or OP2 is not a data
token or the nblocks fields 10 . 86 in their
descriptors do not match, the result is a control token copied from OP1 but .
having its errflag i . . Eﬂ#a Rﬁg{ ~Subt ract Tokens™

Qper ati on code: tﬁ%ﬁﬁi%d%%é%br: cOmER destlnatlons 3 20

Par amet er s: Funplei®esul t type: If Counﬁ%¥a¢ﬂﬁk%ﬁlFﬁﬁc%?%ﬁ than

The |l east significant 9 bItS of each dat@oyo¥ d 1ﬂlg§11§r§eﬁubbraoueﬁnaﬁha
2's conpl enent 25 np %ﬁp ’
corresponding bits in OP2; the nost mgyﬁ???%ﬁndﬁﬁﬁﬁ%g %?'e% eﬁﬁfﬁeMDrd in
OP1 argl OP2 are discarded. Only the Ieasifpa@niélggﬂtt& it¥s ofhéhe 30

difference are retained, and the final result jis sign:exten t 8)
to a 12 bit, 2's conpl enent nunber. The TFRRATHIF BEEYeeH: g@% %Ligggnals
35 copiashriterm 4R . cénstorisopeifooned I f -

either OP1 or OP2 is not a data token or éfﬁbrﬁﬂéféﬁe& §%£%hmetlc. The

rest of the result descriptor is
10 ' copied from OP1 with the
exception that type is set to 0.

Error conditions: none.

BOOL (2)compll, (1l)compl2, (0)op
15 "Togically Operate on Boolean Values" '

Operation code: 12

Processor: DCU

Max. destinations: 3

Data operands: OP1 - any token type
20 OP2 - any token type
Parameters: compll - 1 bit constant

compl2 - 1 bit constant
op - 1 bit constant
Result type: control token

25  Function: 1flag of OPl's token descriptor
and 1lflag of OP2's token
descriptor are operated on as
boolean values, with the result
placed in lflag of the result

30 : descriptor. Other bits in the

| result descriptor are copied from

OPl1. The logical operation to be
performed is selected as shown in
the following table (the "™"

35 ' operator refers to 1's

| complementation):

compll compl2 op operation
. 0 0 0 OPl1 .or. OP2



in their descriptors do not WD 94/ 25935 _ ' o : .

PCT/ US94/WOMR593 mat ch, the-result is a control token copi e®CEfERROELT hut

- having its errflag bit set. errflag is also set if an overflow oceurred 5
“during a subtraction (i.e. one of the.diff§5ences coul d not be represented
as a 9 bit 2's conpl enent nunber). 10 ' "FILTER "Loop-Filter
Token" Operation code: 01 Processor: APU Max. gdpsti paki oags 3
15° . Dat a oper ands: OPl - data toEen Par anet ers: o
none Result type: data t oken Funct®on: 1 0| f BPL 49r¢j (eOP2)
usrbits(0)) of OP1's descriptor is set tog"1", 29 1 OPl .and.( OP2)
the least significant 8 bits of each data word in OP1 are | qgp- ;iltered as
defined in the Px64 standard; the nost siynificaft 4 biPs of 85& ar8r. OPF2
discardgd. The 25 o final 1resgFbrly .and.op2

1
sign-extended (with zeros) to a 12 bit, 2!s conplenent Qun?eépl)lgrbktoéé)

S “0", no | oop filtering is perforned, ahd the teast

_ 1 1 1 (“OP1).and. (" OP2)
Error conditions: none
10 COPY (0) copysel
"COpyIToken" _
Operation code: 13
Processor: DCU
Max. destinations: 3
15 Data operands: OP1 - data or control token
Parameters: copysel - copy select: _
0 = copy all of token, 1 = copy
descriptor only
Result type: If copysel = 1, a control token
20 is genérated; otherwise, same as
orl
Function: If copysel = 0, OPl is completely
and unconditionally copied to the
result token. If copysel =1,
25 the descriptor of OPl1 is copied
to the output as a control token:;
i.e. type is sét to "0" in the
descriptor of the result token,
and any data blocks associated
30 with OP1 are ignored.
Error conditions: none.
4.3 Token Descriptor Modification
35 CRTOKEN (4:3)nblocks, (2:0)comps
"Create Control Token™"
Operation code: 15
DCU

Processor:



30 _ significant 9 bits of each data word in
OPl is svgudesisended by 3 bits to forma 12 bit, 2's conpl eRERMUSKOASET
which is copied to the result token; the nost 35
significant 3 bits of each data word in 1 are discarded. In any case, the
gg;fbg82?64gg the result is copied from OPl. WO 94/ 25935

; 7 71 Error A - . 1f, OP1 is not a data token, the
result is a controlh% eﬁ%%%ﬁkg Fgﬁlcﬁl but having its errflag bit set. 5
FDCT "Forward DCT" Opdeatperatdds: @iPIR ocessor : DPU 10 '

Max. destinations: szgg‘t%e er ands: nh1deks dairuiiie b P MBI Soks
a Al

none Result type: f'a’t oken Function: n 8 by 8 forward

tDﬁTis 1'?t ) I the | e in tekemdr medior &idh SRASEMHIOCK in
e ipu oken. y the least signifi gapsd -biddmpinetns pwdskrntn fach
data block are input to the DCT; the 9 @ S are (lpﬁ

interpreted as a 2's conpl ement oken; 3 bit boolean constant

Result type: control token
Function: Creates a control token whose
nblocks and comps fields are
10 : . © initialized using the like-named

parameters above;' all other
fields are set to zero. This
instruction fires unconditionally
and only once during the

15 ~ execution of a program and
assumes that the value of nblocks
is consistent with comps and the.
contents of the component
configuration registers, CONFIGO,

20 CONFIGl, and CONFIG2. NOTE; all
CRTOKEN instructions in a program
must appear in low instruction
memory and precede any other
instruction types; a maximum of

25 three CRTOKEN instructions may
exist in a program.

Error conditions: none

INCCNTR (9:8)cntrsel, (7:0)const
30 "Unconditionally Increment Countef"

Operation code: 16

Processor: DCU

Max. destinations: 2
_ Data operands: _ OP1 .- any token type
35 Parameters: cntrsel - counter select:
0 = vpos, 1 = hpos, 2 = cntrl, 3

= cntr2



I nteger. -The DCT produces 8 by 8 data blocks containing 12 bit 2's
conpl enerwoi9ARE3Sr s which are placed in the result token.. Thgc§@ﬁm*m“ﬂ7

descriptor of the result token is copied fromOPl. Error conditions: - If"
OP1 is not a data token, the result is a ggntrol token copied from OP1 but
having its errflag 30 S : bit set. IDCT '

"I nverse DCT" Operation code: 08 35 const - 8 bitIPCLSEShplement

DPU Max. destinations: 3 Data operands: OPl - data token Paraneters
none WO 94/ 25935 constant

PCT/ US94/ 04617 72 Rexidduisy daga%é c&garoﬁjnctlon S An 8

by 8 inverse DCT is perforne on the 12 b|t eger each
data 5 ction: TR IR TP 1Y

i nver sgs DCT produces 8 by 8 data bl ocks Qﬁfttzﬁserm frdhn HR1 'S stakerpl enent

i ntegers which are then sign-extended to 12 bit and 0
placed in the result token. The descri pt ?ﬁlq tﬁﬁcﬁeﬁﬁﬁF?% %%)the
from OP1. value const and copied into the

corresponding field of the result
token. Any data associated with
10 '~ OP1 are also copied into the
' reSult_token.

Error conditions: none

" CINCCNTR (10)lsense, (9:8)cntrsel,
15 . (7:0)const
"Conditionally Increment Counter®
Operation code: 17 '
Processor: DCU

Max. destinations: 2

20 ' Data operands: OP1 - any token type
OP2 - any token type
Parameters: cntrsel - counter select:

= vpos, 1 = hpos, 2 = cntrl, 3
= cntr2
25 const - 8 bit 2's complement
constant
lsense - 1 bit boolean constant

Result type: same as OPl
_ Function: If 1flag of OP2's token
30 : descriptor has the value Isense,

the counter field selected by
cntrsel from OPl's token
descriptor is incremented by the
value const and copied into the
35 corresponding field of the result
token. Any data associated with
OP1 are also copied into the
result token. If 1flag of OP2's



Error conditions: If OP1 is not a data token, the result is a control

t oken copv@d4/2$93s from OP1 bBETARHMEITtS -
errflag bit set. FQUANT (4:2)clipsel, (1:0)al gsel "Forward
Quanti ze" 20 Qper ati on code: 90 09 Processor QPU
Max. destinations: 3 Data operands: OP1 - data token Paraneters:

al gsel - quantization algorithm 25

celoot: 0= Px64. 1= NPEG 2 = JPEG 3 token descriptor doe: ot Ane
select: 000 = [-127, 127], 001 = (-255, 3the value Isense, OPl is copied

255), 010 = [-511, 511], 011 = (-1023, 1Q4s3 dzljff?éd‘t[ redtid 85e !
type: dat a token Functi on: ° or wa rd’quantlzatlon 'S
performed 35 Error conditions: none on the input token using the

al gori ghm speci fied by al gsel and described in Section 5. Al non- (intra
DC) quantization results WO 94/ 25935

PCT/ US94/ 04617 73 ar 8PPCNFRed to the rand® ZP&Hastt by GiPBIETHRLSI gn-
extended to 12 bits Ragdceopnheeeeat;, intra DC quantization

Operation code: 18

Processor: DCU
10 Max. destinations: 3

Data operands: ~ OP1 - any token type

OP2 -~ any token type
?arameters: cntrsell - OP1l counter select:
' = vpos, 1 = hpos, 2 = cntrl, 3

15 = cntr2

cntrsel2 - OP2 counter select:
= vpos, 1 = hpos, 2 = cntrl, 3

= cntr2
Resplt type: same as OP1l
20 Function: Counter field cntrsell from OPl's

token descriptor is added to
counter field cntrsel2 from OP2's
token descriptor and the result
copied into counter field

25 | cntrsell of the result token.
Any data associated with OP1l are
also copied into the result
token.

Error conditions: none

30
COPYFLD (11:8)bytesel, (7:0)mask
"Copy Descriptor Field from Operand 2 into Operand 1"
Operation code: 37
Processor: DCU
35 Max. destinations: 2
Data operands: OP1 - any token type

OP2 - any token type
Parameters: copyall - 1 bit boolean constant



5 : ' ' results-are not clipped
sign-ext@%ﬁ&EQ%¥12 bits 2's conpl enent. The descriptor -of Bﬁgﬁ%?a¢$ t oken

is copied fromOP1. 10 _ Error- conditions: If OP1 is not a data
token or algsel = 3, the result is a contagbl token copied from OPL but
having its errflag bit set. 15 ' - TFQUANT

(4:2)clipsel, (Oalgsel "Threshold and HuyhasdlChamtbzb"cdpetantomncvdage
QA Processor: QPU Max. desti natj @nf 1] 3. 20 Dat a

oper ands: OP1 - data token Paranet . al gsel - quantization
algorithmselect: 0 = Px64, 1 = MPEG cllm%%k T &Ibptrhﬂg %EI@@BStQDD =
[-127, 127], 001 = [R&aF1t : 255] 010 =
[-511, 511], 011 = [-1023, T 3] 1IXX = 2047 2047] Result type

data t®ken Function:Function: The DCT E6ceop¥adhts Pn PYEe hptiesed of

token are adaptively thresholded (if appppsedl eopkendaéas oguggtbged
using the algorithns specified by algsel and descrlbed I n ectlo . Note

that only 35 wise ANBed; With BR8KksP
identified by the nbtype field in the taﬁgﬂedescofp091)svuéécbﬁptor is
t hreshol ded. Al non-(intra DC) quantlqu N ice ANDed with the one's

i0 complement of mask, and these two
intermediate results are bit-wise.
ORed to form byté bytesel of the
result descriptor; the rest of

_ the result descriptor bytes are

15 : : copied from OPl. Descriptor
bytes are numbered from 0 to 11,
with byte 0 being the most
significant. If copyall = 1, the
result descriptor, with the

20 ' exception of bit 7 of byte 0, is
completely copied from OP2's
descriptor. In any case, any
data associated with OPl1 are also
copied to the result token.

25 NOTE: This instruction always
copies bit 7 of byte 0 (i.e. the
type field) from OPl's token
descriptor into the corresponding
'bit of the result descriptor

30 regardless of the values of
copyall, bytesel, and mask.

Error conditions: If copyall = 0 and bytesel is
greater than 11, execution is
immediately terminated and

35 errflag is set in the result
descriptor; a control token is
returned as the result.



WD 94/ 25935 PCT/ US94/ 04617 74
results a8 9%{Z¥ed to the range specified by clipsel and si FETUSHBHILd to
12 bits 2's conplenent; intra DC quantization 5

results are not clipped but are also signggxtended to 12 bits 2's

conpl enment. The descriptor of the result token is copied fromOP1l. 10
Error conditions: S i s not a data Q) ftedAsul dr 4 ; tro

t oken copi ed from CPleg%bﬁavi ng its err f(ltlgkqgi)t setsfquS (19 s,
CFQUANT (4:2)clipsel, (0)al ddel@rbe@ngd d Quantize with
Cipping Control" Opeuatopidi¢ddpally Se¥d DodRelipdd BiRst: QPU Max.
destinations: 3 20 . gaya oper%pds: OP1 - data token
Resul t type: AREEAE3RBN SPIPAret er < al gsel - quantization

al gori bhm sel ect: 0 PrBré4sotr:= WEG clipegel - clip range select: 25

000 = (L2717 OB fiutitnalithe: 010 - (511 111, 011 = 1025,
quanti zation is perfbBatadoparahdsinput t OPan-uanygtbken type '
Parameters: bytesel -~ 4 bit constant in range
[0:11]
10 . mask - 8 bit boolean constant
bconst - 8 bit boolean constant
Result type: same as OPl
Function: Byte bytesel of OPl's descriptor
_ is bit-wise ANDed with mask and
15 the result bit-wise Ored with

bconst. The final modified byte
is written to result descriptor
along with the other unmodified
bytes'of OPl. Descriptor bytes
20 _ are numbered from 0 to 11, with
byte 0 being the most
significant. Any data associated
with OP1l are also copied to the
~ result token. NOTE: This
25 instruction unconditionally
copies bit 7 of byte 0 (i.e. the
type field) from OPl's token
descriptor into the corresponding
- bit of the result descriptor
30 regardless of the fvlaues of
bytesel, bconst, and mask.

Error conditions: If bytesel is greater than 11,
execution is immediately
terminated and errflag is set in

35 the result descriptor; a control
token is returned as the result.



o

efficients 0 thro

(intra- 10

descriptor, the DC ggeffi.cient

to either clipping
the vad ue of LASTCL

to 12 bits 2's conpl

from 20

IP in each

F NS

;ﬁgfspecified by. al gsel and described in Section 5. the 9€antf'er

nom naﬁqu %9619 eq by

Fluant field of OP1's token descriptor but is increased if necessary to
ent excessive quantization :

_ WO 94/ 33935 . :
/1 US94/ 04617 75 clipping (as specified by clipsel) on zig-zagged

o Fdessdpt p1Ht DekBytésel,

ere LASTCLIP is the value stored in the LASTCLI P(5: eqi ster;
coefficients above LASTCLIP are clipped %&5?&%%%%F'N$?£°{ﬂg?n?€ nbtype = 0
"Conditionally Set Descriptiey Biht€Pl' s token
%%.;e. coe_,{éi cient 0) in OP1l is not subjected
Pt rol :

gardl ess of 15

|[FoceBsori nal quantiRElion results are sign- extended

ﬁgyﬂﬂde;¥§h£%¥gﬁéiﬁCI of the result token is copied
‘ : OoP1

with the exception that the

quant field in the Dahd topesandspt or i s APat eany otoken ckype

10

15

20

25

30

35

Parameters:

Result type:
Function:

OP2 - any token type

Isense - 1 bit boolean constant
bytesel - 4 bit constant in range
[0:11]

mask - 8 bit boolean constant
bconst - 8 bit boolean constant
same as OPl

If 1flag of OP2's descriptor
equals Isense, then byte bytesel
of OPl's descriptor is bit-wise
ANDed with mask and the result
bit-wise Ored with bconst. The
final modified byte is written to
the result descriptor along with
the other unmodified bytes of
OP1l. Descriptor bytes are
numbered from 0 to 11, with byte
0 being the most significant.

Any data associated with OP1 is
also copied to the result token.
If 1flag of OP2's descriptor does

‘not equal Isense, then OPl's

descriptor is not modified, and
the result token is a copy of
OPl. NOTE: This instruction
unconditionally copies bit 7 of
byte 0 (i.e. the type field) from
OPl1l's token descriptor into the
corresponding bit of the result
descriptor regardless of the



any changes required to prevent cllpplng 25 Error conditions:
If OP1 | VASH2893dat a token, the result is a control token coBCEUSHHOWITPL .

but having-its errflag bit set. 30 CTFQUANT
(4:2)clipsel, (Oalgsel "Threshold and Fo§¥ard Quantize with O i pping
Control" Operation code: 38 Functional unit: QPU 35
Max. destinations: 3 Data operands: RBL ordataekakenyR t type:
data token WD 94/ 25935 valfel ordByReb@gNLEBALY, |
PCT/ US94/ 04617 76 Par aneters: : al §sense,qaaft B2&K-on al gorithm
select: 0 = Px64, 1 ErPBEGbéhHEQans'C|'Efr29&%s§§|§§t8rQQQer Ehda7a1127],
001 = [-255, 5 255] 10 k 511, 511],
011 = (-1023, 1023], 1XX = [-2047, 2047] SKeRBtigR; 1s immediatghy,; e
t hreshsel ding and forward 10 terminated and errflaguast sa&t Hgn
are perforned on the input token using the al r'%hgs sgec'figd gé al gsel
and described in Section 5. Adaptive thr EﬁoF Hg i 88 §pt8F?oF gnigeds
nbtype [err] O (inter-node) in OPl's token is returned as the result.
SETQUANT
10 "Unconditionally Set Descriptor Quantizer"
Operation code: iD
Processor: DCU

Max. destinations: 3

Data operands: OP1 - any token type
15 Parameters: none
Result type: same as OPl
Function: The quant field of OPl's

descriptor is unconditionally set
to the contents of the quantizer
20 | ’ register QUANTREG and copied,
| | along with the other descriptor -
bits, to the result token. Any
data associated with OP1 are also
copied to the result.

25 Error conditions: none

4.4 Dataflow Control .
DGATEl (20) Isense, (19:16)bytesel,

(15:8)mask, (7:0)bconst
30 "Test Descriptor and Gate Token"
Operation code: l4h:internal
Processor: DCU

Max. destinations: 1

Data operands: OP1 - any token type
35 ' Parameters: Isense ~ 1 bit boolean constant
bytesel - 4 bit constant in range
(0:11]

mask - 8 bit boolean constant



‘descriptor. Thée quantizer paraneter used is nominally SQB%Iied %y t he
" fi yaloqress®P1' s t oken descriptor but is 20 PCT/US94/0461
eased if .necessary to prevent excessive quanti zation .clipping (as .
pcified by clipsel) on zig- zagged coefg§gcients O through LASTCLIP in
ch of OPls data 25 ' _ bl ocks, where
ALASTCLIP is the value stored in the LASTEEbRER: Q) sr 8dits bebl eane tongitamts
above LASTCLIP are c|ipped as needed. Note that if nbtype = 0 (intra- 30
imode) in OPl's tokenR@EWE| BYBR: the DC S8®£f RS 8/t (i.e. coefficient 0) in

CP1 is not subjectedrhficeibher clipping sitel bptesglceodt 0P, s dgasiciliptorof

35 the val ye _of .LASTCLIR. _.ALl _fi nal

quantization results are sign- extended t8 %ét5¥P§ezx§588nHR?§eHF?&$ﬁ€d

descri ptor of WO 94/ 25935 '~ the result bit-wise compared with

PCT/ US94/ 04617 77 the result token is cogied from@Pl wibhh bie rexeent oy
i aﬁg% F%éht 5

that the quant field in the result descriptor is upd tore
any changes required to prevent clippinger if not equal and Isense = 0,

OPl1 is copied to the result
token; otherwise, no output token

10 ' | is produced. Descriptor bytes
are numbered from 0 to 11, with
byte 0 being the most

significant.
_ Error conditions: If bytesel is greater than 11,
15 execution is immediately

terminated and errflag is set in
the result descriptor; a control
token is returned as the result.

20 DGATE2 (20)Isense, (19:16)bytesel,
(15:8)mask, (7:0)bconst
"Test Descriptor of Second Operand and Gate First

.Operand"
Operation code: 2F
25 Processor: ' DCU
Max. destinations:_ 1
Data operands: OP1 - any token type
OP2 - any token type .
Parameters: Isense - 1 bit boolean constant
30 "~ bytesel - 4 bit constant in range
[0:11] _
mask - 8 bit boolean constant
bconst - 8 bit boolean constant
. Result type: same as OPl
35 Function: Byte bytesel of OP2's descriptor

is bit-wise ANDed with mask and
the result bit-wise compared with
bconst. If equal and Isense = 1



Error conditions: If OP1 is not a data token, the result is a control

t oken copicegh/is93am OP1 but having its errflag 10 PCT/US94/04617

bit set. | QUANT (1:0)al gsel "lInverse Quantize" QOperation
code: B 15 Processor: QPU Max. destinations: 3
Dat a oper ands: OPl1 - data token Paraneters: _ al gsel - -

quanti zation algorithm select: 20 ; ' 0 3
Px64, 1 = MPEG 2 = JPEG 3 = illegal ReShI T t})ps: eTual and, Ipenss, o0
Functi on: | nver se quantizati o@Plsipeeoppieddtontheereapdt t oken
using the 25 token; 2 8REH L SPRET blgukY takane!
and described in Section 5. The result is sign-extended fo 12 bi?g 2's

conpl enent. The descriptor of the resul t1oREPARGedp Descriptor bytes

copied from OPLl. Error conditions: | f 4Fd hemPeted £R6R H0keN1Ql qkggel =
3, the result is a control token copied from OP1 but avin% Lts errflag bit
set. 35 MEANSQ (1: 0) conps PYE/EI PG BRY/PEET0f Conponent
0" Operation code: oC significant.

Error conditions: If bytesel is greater than 11,
execution is immediately
10 terminated and errflag is set in
the result descriptor; a control
token is returned as the result.

CGATE (10Isense, (9:8)cntrsel,
15 (7:0)const

"Test Counter and Gate Token"

Operation code: - 36

Processor: DCU

Max. destinations: 2
20 Data operands: OP1 - any token type
Parameters: Isense - 1 bit boolean constant
cntrsel - counter select:
0 = vpos, 1 = hpos, 2 = cntrl, 3

= cntr2 _ ;
25 | const - 8 bit unsigned constant
Result type: same as OP1l
Function: OP1 is copied to the result token

if counter cntrsel is less than
const and Isense = 0 or if

30 counter cntrsel is greater than
or equal to const and Isense = 1;
otherwise, no output token is
produced. The comparison between

_ the selected counter and const is

35 performed using unsigned

arithmetic

Error conditions: none.



WO 94/ 25935 o T - PCT/USQ4/O%?%% ?
ProcessorW@ 9425935  (QPU Max. destinations: 3 Data operands S 17
dat a token. Paraneters: none 5 . - Result type:

control token Function: ~ The neagssquare val ue of Conponent 0 in
OP1 i's conputed and stored in sfield(23: 0) of the result descriptor; the -

rest of 10 : MINIMAX 4)ﬁ4xgék5cr|ptor is copied from -
OP1. The nean squar e val.ue nmeansg is co uted as: q? SA T
ar value"

[[err](peli*peli)]/n"AfHSSt Agnloun or maximum sca nis 64,
128, or 256 dependi ngp@taﬂiﬂirheio@xrrponerm 0 contains one, two or four 8 by
8 data bl ocks, respe%tlvel% d‘?el [err]. of n two's conpl enent 20

dat a words fron1Cbnp OP1 and ' be in the range [-256, 255];
[err]('s) denotes a sMaxat idestdratidis:n @els in Conponent 0 of OP1; and 25

neguti ve infimity; oogey I ‘i’§ anh 5 Lypfeally e ng {ouards

Note that this instruction assumes that &Ry dmrtnedk takerconponent 0 of

OPl is in the Parameters: maxsel - 1 bit boolean constant
Result type: control token

10 Function: sfield(23:0) of OPl's token

' descriptor is compared with
sfield(23:0) of OP2's descriptor;

 the two 24 bit values are treated
as 2's complement numbers. If

15 | - maxsel = 1 and OP2 is greater
than or equal to OP1l, 1lflag is

~set to "1" in the result
descriptor and the rest of the
‘descriptor is copied from OP2; if

20 OP2 is less than OP1l, lflag is
set to "0O" while the rest of the
descriptor is copied from OPl.

If maxsel = 0 and OP2 is greater
than or equal to OP1, lflag is

25 - set to "1" in the result and the

. rest is copied from OPl; if OP2
is less than OP1, lflag is set to
"o" while the rest of the
descriptor is copied from OP2.

30 Error conditions: If either OPl1l or OP2 is not a
control token, execution is
immediately terminated and
errflag is set in the result
descriptor.

35

GATE _ (4) Isense
"Gate or Token"
Operation code: 1E



range (-256, 255];

i.e.

only the | east S|gn|f|cant 9 bits of each

12 bit AMOP425938 i n Conponent O are accessed. Note that n o @Fﬂgﬁ%’oéﬂ’

flagged if bits 11 through 9 of any data word in

WD 94/ 25935

PCT/ US94/ 04617 79 Conponent 0 do not nat%g bit 8 fromthe sane data word.

Ther ef or e,

to zero. Error

Conmponent 0,

conditions:  |If
t he 10Max. destinations:

meansq i s al ways an unsi gned

whi ch is copied int@gfdeladfrl:5: 0) of thedkpesult token;
QP1 is th a data token or

bit positive integer 5
sfield(23:16)

result is a contro

t oken copi ed from CBatlaub}J@éﬁ& :i ts errdeiag kidy &ﬁkeﬁ/ﬁ@pe

(Ovarsel 15

Pr ocessor:
dat a soken 20
select: 0 = return

variance Result typ

10

i5

20

25

30

35

Vari ance of
QPU Max.
Parametidarsanet ers:

$RELA Ry,

Function:

control

Error conditions:

FGATE

"Gate on Flag"
Operation code:
Processor:

Max. destinations:
Data operands:

Parameters:
Result type:

Function:

Exrror conditions:

INITSEM

destinatio

entire c

the result token;
*is "consumed" and no result is

onent 0" c%er tLon code: @D)
3 4 oP1 -
Isense v shﬂt -bacire am ceorus kit

CURANYY by L 1b BN bl ock

If 1flag of OP2's token
descriptor has the value Isense,

OPl is copied to the result

. token; otherwise, OPl is
"consumed" and no result token is
generated.
none

(4) Isense, (3:0)flagsel

1F

DCU

3

OP1 - any token type

Isense - 1 bit boolean constant
flagsel - 4 bit constant in range
[0:15]

same as OP1l -or- no result

If global flag flagsel has the
value Isense, OPl is copied to
otherwise, OP1

generated.
none

(9:8)semsel, (7:0)const

"Initialize Semaphore"

Operation code:
Processor:
Max. destinations:

Data operands:

22

DCU

2

OP1 - any token type

is set
does not contain



25 Function: ~ If varsel = O the variance of
Conponentw@ 94256381 i s conputed over all data words in the comgurEsss/osdid
stored in sfield(23:0) of the result 30 ' ,

descriptor; if varsel =1, the variance g; each data bl ock in Conponent O
is conputed separately, and the mninumoFf these variances is stored in 35
sfield(23:0) of-the scriptor. Ln either c e t _t he
result descriptor %%%Fg %ron1CP1.- sEﬁEﬁ@QlZﬁﬁgé%héy& £g§35é§¥

PCT/ US94/ 04617 80 For varsel = 0, the vselagts Zabiits comspardd as: var =
clip([E(peli*peli)]/n - (([[err](pel[er gt 6 '
64, 128, or 256 dependi ng on whet her Cb%%%%e%t Og%%h é@%% éﬁéﬁ%ﬁ“ﬁéieéﬁ()r
8 by 8 data bl ocks, 10 00 = bits 3:0, 01r€spé¢tl7\ﬁélylx
pel[egr] is one of n two's conplenent dggswer.@s from Conponent 0 of OP1
and nust be in the range [-256, 255]; 15

[err]( ) dehotes a summmation over all const - 8 bit constant
Result type: same as OPl1 _
Function: Initializes the 8 bit'semabhore
register semreg as follows: if
10 sembit = 00, bits 3:0 of the

selected semaphore are set to
bits 3:0 of const; if semnib =
01, bits 7:4 of the selected
semaphore are set to bits 3:0-of

15 const; finally, if sembit = 10 or
11, the entire semaphore is set
to const. OP1l is then copied to
the result token.

_ Error conditions: none
20

TSTSEM {9:8)semsel, (7:0)mask
"Test Semaphore"
Operation code: 20
Processor: DCU

25 Max. destinations: 2
Data operands: OPl1 - any token type
Parameters: senreg - semaphore register

select; 2 bit constant
_ semnib - semaphore nibble select:
30 | 0 = bits 3:0, 1 = bits 7:4
_ -mask - 8 bit constant
Result type: same as OPl

Function: Waits until the bit-wise ANDing
- of mask with the least
35 : significant 4 bits of cntrl in

' OPl's descriptor matches the bit-
wise ANDing of mask with nibble
semnib of semaphore register



n pels in Conponent 0 of OP1; (Y dendteS'integer divisidn of two
oper andgyMVighhsgzgundi ng -t owar ds negative 20 PCT/US94/04617 .
infinity, e.g. ?-1)/2 = (-1) and 1/2 =0; "(')**2" denotes squaring of an
operand; "clip(')" denotes clipping of 25 ' _
negati ve operands to zero. For varsel =180 var = min(clip([[err]-(pel[err]*

Pel[err])]/ 64 - [[err](pel[err])]/4)**)] 256 where: 30
pel[err] is the ith two's conpl ement déﬁ%&%ﬁlHL%F?BnFEH%asbPBéktF Ehe

Conmponent O in OP1 and nust be in the rpgge1t-£68RerR55]; E[err] (') denotes a

summat i on over 35 . . all 64 pels in data
bl ock j of Conponer®TXPT "¢ORAItIongnotRMNent eger di vi sion of two operands
wth WO 94/ 25935 ’ PCT/ US94/ 04617

81 raundi ng toward ive infinity, 9. (:1/2 = (;).and 1L2 = 0;
"(.)352" denot es séﬁgﬁﬂﬁé of an 5 Flg.lé)sgmreg (&.8 semnig, oper and;
"clip(')" denotes clipping of (7:4)contstl, (3:0)const2

"Test and Decrement Semaphore"

Operation code: = 3A
Functional unit: DCU
10 Max. destinations: 2
Data operands: OP1 - any token type
Result type: same as OPl
Parameters: semreg - semaphore register
select; 2 bit constant
15 semnib - semaphore nibble select:
00 = bits 3:0, 01 = bits 7:4, 1X
= bits 7:0
constl - 4 bit unsigned positive
_ integer
20 const2 -~ 4 bit unsigned positive
.integer
Function: If bit 5 of byte 0 (i.e.

nblocks(l)) of OPl's token
descriptor is zero, sets K =
25 constl; otherwise, set k =
const2. Then performs the
-following: if semnib = 00, waits
until k is less than or equal to
bits 3:0 of semaphore register
30 semreg, then subtracts X from
bits 3:0 of semaphore register
semreg, leaving bits 7:4
unchanged; if semnib = 01, waits
until X is less than or equal to
35 bits 7:4 of semaphore register
semreg, then subtracts X from
bits 7:4 of semaphore register
semreg and stores the 4 bit



d operands to zero; and "min(')" denotes the ninimumof the .conputed.

-hegaf'i

bl ock MERavL893510 _ Not e -t hRCT{UN4/04617 .

i nstryiton asunes that every data word in Conponent O of OPlL is in the
rang F(- 256, 255]; i.e. only the | east si &ificant 9 bits of each 12 bit 15

rd in Conponent O are accessed. Noté€ that n o error is flagged if

bit 11 through 9 of any data word in Co e&éékbéFﬁ {?EGthEé B4 gR

t hgf same 20 ata word, roundi ng
efffects cause a negative difference to bEERAPRIFYFIFAERIR FERELT,
sfibstraction in the calculation of a varipgOaeing With f{ &) aikehasge®;
orced to be zero. Therefore, var is always an unsigned 16 bit positive
integer which is copied into sfield(15: 0)fidakhey resFempidken; 10 or 11,

sfig!d@ﬁB.lG) i? EE& to 30 .d y cre?fes an 8 bit conrétant Riliose
condi ti ons: is not a data token or_does nof. cont ai nponent 0,
the result is a control token copied fHMHQ§ﬁ.ﬁﬁﬁn*éﬁﬁﬁé}iQi¥é§%f+%gz§§°
bit set. ADAPTQ "Adapt Quantizer" ~and whose least significant

nibble is k, waits until this
constant is less than or equal to

10 . semaphore register semreg, then
subtracts it from semaphore
register semreg and stores the 8
bit difference back into
semaphore register semreg. OP1l

15 is then copied to the result
token. The operands in all of
the latter comparison and
subtraction operations are
treated strictly as unsigned

20 positive numbers.

Error conditions: none

INCSEM (9:8)semsei, (7:0)const
"Increment Semaphore™"

25 Operation code: 21
Processor: DCU

Max. destinations: 2

Data operands: OP1 - any token type
Parameters: semreg - semaphore register
30 select; 2 bit constant

semnib - semaphore nibble select:
00 = bits 3:0, 01 = bits 7:4, 1X
= bits 7:0
constl - 4 bit unsigned positive

35 integer
const2 - 4 bit unsigned positive
integer

Result type: same as OP1l



WO 94/ 25935 PCT/ US94/ 04617 82

Oper at i W0 045935 34 Functional unit: QPU Max. desti nabFHils94/04¢ bat ar

oper ands: OP1 - any token type 5 Result type:

control token Paraneters:. none Fygstion: This instruction

i npl ements the adaptive quantization algorlthn1 The quant and sfiel d(15:0)

fields 10 : Function: GPlo# ﬁp@@nod $Cel, pt or

together with the contenfs of the CEAIN(ll 0) AGAIN(T1: O) _@NgACT(lS 0),

M NQ(4: 0), MAXQ(4:0), PREVQ 4:0), and 15nblocks(l) o det)s

QDELTA(4:0) registers are the inputs to gbecaigestt el zeny, daeasbkosks

associated with OP1 are discarded. The algmﬁéiﬂﬁfco utes a pe n iE r
ﬁ; %8% gfor

val ue 20 _ Bt e VP
quant §ield of the result control token Tm&mepeff¢smsfthéefomlpunngokeﬁf

descriptor are copied fromthe correspondl
bits of OP1l. The algorithmalso updates ?%@ %dﬁtentsad st%et3NEiﬁﬁ(iB 0)
and PREVQ(4:0) registers. Error conditi on: senapnere 30eGlBiRAr senred,

(O)scal e "Subtract Scal ar Val ues” truncates the sum to 4 bits, and
stores the result back into bits
10 3:0 of semaphore register semreg,

leaving bits 7:4 unchanged; if
semnib = 01, adds k to bits 7:4
of semaphore register semreg,
trancates the sum to 4 bits, and

15 stores the result back into bits
7:4 of semaphore regiseter
semreg, leaving bits 3:00
unchanged; finally, if semnib =
10 or 11, creates an 8 bit

20 ' constant whose most significant
nibble is zero and whose least
significant nibble is k, adds it
to semaphore register semreg,
truncates the sum to 8 bits, and

25 stores it back into semaphore
register semreg. OPl is then
copied to the result token.

Exrror conditions: none

30 4.5 Video Memory Instructions
RDV16 (12:10)memsel, (9:8)corgsel,
(7:4)horgsel, (3:0)vorgsel
wRead from Video Bus In 16 Bit Mode"
' Ooperation code: 23
35 Processor: VIU
Max. destinations: 2 _
Data operands: OP1 - control or data token



35 Qperatlon code: - CE. Processor
desti natlvé?'ng‘m”@ Dat a oper ands: OP1 - any token type %/%535

PCT/ US94/ 04617 83 OP2 - any token type Paraneters: . scale - scaling
flag Result. type: ~control -token RHigacti.on: ' If scale =1
sfield(23:1) of 5 OPl's token descriptor

is sign extended to Hafémbtbrslaue and subhs&atedmb@@EySEbmaaﬁakinbﬂﬁ
OP2' s descriptor; otherw se, sfield(23: OL OL CE%PS t oken 10

descriptor is substracted from sfiel d(23: 8?_3? 2's descriptor. In either
case, the subtraction is perforned usi ngcptgsiefl Fwecmpoaemite meritlgin

arithmetic, and the 15 leFEFESSS%ecF t%a%h654yy§géﬁyu

24 bits of the difference is mﬁltten to sfre eresu
descriftor. The rest of the result descrhprgsels-cbgrddontah 2xrigin

OP1. Error conditions: errflag is set gR1kRe: rﬁgg.llrz dgﬂgﬁtar Hor gggq_l s

difference overflows, i.e. the difference cannot be represénted in
25 " 2's ¥d8Bl enent; a control token

vorgsel - vertical origin select:
: vert. origin = vorgsel *128
10 Result type: - data token '

Function: : Reads 8 bit unsigned image
components specified in OPl1's
token descriptor using two 8 bit
video data busses jointly

15  selected by memsel(2) and the
"line swap" register set corgsel
and creates an output data token.
The 8 bit data are sign-—-extended
(with zeros) to form 12 bit, 2's

20 complement numbers. The data are
read relative to the horizontal
and vertical origins computed
from horgsel, vorgsel. and the
horizontal and vertical offset

25 register set selected by corgsel,
memsel (1:0) is 6utput on the
VMSEL(1:0) pins. an VMSEL(2) is
set "high". The output token's
descriptor is the same as OPl's,

30 except that type is forced to be

' "1, If OP1 is a data token, its
data blocks are ignored. See
Section 6 for a complete
explanation of how this

35 instruction executes.

Error conditions: none

RDV16FMV (12:10)memsel, (9:8)corgsel,
(7:4)horgsel, (3:0)vorgsel



Is returned as the result. 4.2 Logical and Data Copyi ng Operations 30

CMPVAL " @oorpapsy3Scal ar Val ues” Operation code: OF Pr oceBE€BUS}/N4ELT
DCU Max. destinations: 3 35 Dat a oper ands: OPl - any
token type OP2 - any token type Paramateri:o4 none Result type:

control token WO 94/ 25935

PCT/ US94/ 04617 84 Fungiio Kk
descriptor is conpar'ed{2 ahngPeVé?Eg g? Fgéég 9% 5€§F§F§F%Qt§%ﬁﬁﬁ§ %E
bit values are 5 16 Bit Mode" conpared as 2's

conpl enent nunbers g er thaggor equal to OP1, 1flag of the
result descriptor %ég?tiaﬁ &Sg%herMAsg |flag is set to "0". 10

The rest of the resuIPrdesespror is coplganron1CP1 Error conditions:

none TYVAL Max. 8eRQidhsePshsl5 2 "Test Scal ar Val ue"
oeration coder o ot Mo A e O
Parameters: memsel - memory select; 3 bit
constant
corgsel - component origin
10 | register select; 2 bit constant

horgsel - horizontal origin
select: horiz. origin = horgsel
*128

vorgsel - vertical origin select:

15 | vert. origin = vorgsel *128
Result type: data token
Function: Reads 8 bit unsigned image

components specified in OPl's
token descriptor using two 8 bit

20 _ _ video data busses jointly
selected by memsel(2) and the
"line swap" register set corgsel
and creates an output data token.
The 8 bit data are sign-extended

25 : (with zeros) to form 12 bit, 2's
complement numbers. The data are
fetched relative to the forward
motion vector extracted from

_ sfield(43:22) in OPl's token

30 : descriptor and the horizontal and
vertical origins computed from
horgsel, vorgsel, and the
horizontal and vertical offset
register set selected by corgsel.

35 memsel (1:0) is output on the
VMSEL(1:0) pins, and VMSEL(2) is
set "high". The output token's
descriptor is the same as Opl's,



20 . Paraneters: const - 21 bit 2's conplenent number
Resul t t 94125935  control " token Functi on: : const. PETAISYH04617
extended to a 24 bit 2's conplenment nunber and 25 - _
t hen conpared'mdth sfiel d(23:0) of OP1's dggcriptor; sfield(23:0) is also
treated as a 2' s conpl ement nunber. |If OP1 1's greater than or equal const,

30 1fl age:@éeééetﬁéé Ui:%pé'eﬁr BEekdl $o58k
to "1"; otherw se, 1f|ag.|s set to "0". he Test of e resu t descri ptor
is copied from OP1. 35 - Error %ndltlﬁngpl isomedztypbeRke, its
(19: 16) bytesel , (15:8)mask, (7:0)bconst da¥¥ PYé@RI3%re ignored. See
PCT/ US94/ 04617 85 "Test Descriptor” Cperatlon code: 11 Processor:
DCU Max. destinations: 1 5 . Dt eChhR RR oA EOr a copplete any token
type Paf aneters: bytesel - 4 bit expbimatiom sfirtgsw [Ohid] nask - 8
bit bool ean constant bconst - 8 bit boolean onst ant 10 - Resul t
type: control token Function: st ?%&?Ptﬁ%%ﬁ&ﬁe%f OP1's
descri ptor Error conditions: none
 RDV16BMV : (12:10)memsel, (9:8)corgsel,
10 (7:4)horgsel, (3:0)vorgsel'

"Read from Video Bus Using Backward Motion Vector In
16 Bit Mode"

Operation code: 25
Processor: VIU -
15 Max. destinations: 2
Data operands: OP1 - control or data token
Parameters: memsel - memory select; 3 bit
' constant
corgsel - component origin
20 register select; 2 bit constant

horgsel - horizontal origin
select: horiz. origin = horgsel

*128
vorgsel - vertical origin select:
25 vert. origin = vorgsel *128
Result type: data token _
Function: Reads 8 bit unsigned image

components specified in OP1l's
token descriptor using two 8 bit
30 video data busses jointly
selected by memsel (2) and the
"line swap" register set corgsel
and creates an output data token.
The 8 bit data are sign-extended
35 - (with zeros) to form 12 bit, 2's
complement numbers. The data are
fetched relative to the backward
motion vector extracted from



is bit-wise ANDed with nmask and the result bit-wi se conpared wi th bconst;
i f equal wofiebas24) is 15 SPCTHIUS94/84617 n
the result descriptor, otherwise it is set to "0". Descriptor bytes are
nunbered fromO t 11, with byte 0 being the nost significant. The 20

rest of the result descriptor is copied f#8f OP1 with the exception that

type is set to 0. Error conditions: I f bytesel is greater than 11,
execution is imediately 25 ' sgield(21.09 in OP1{g {fRGFaRtAHd

errflag is set in the result descriptor; #ndotlé totDk&itad Al weedioslt he

result. TSTCNTR (9:8)cntrsel, (7.0)const 30 " Test
Counter and Gate Token" Operation code: drl%&?%%?ﬁﬂgﬂﬁﬁq from horgggdy \mx.
destinations: 2 Data operands: OPl -vargsdbkeand Ve Iorizontal and

Par anetger s: cntrsel - counter s : = _ = 2 =
cntrl, 3 =cntr2 const - 8 bit unsigned s%e%‘{ crﬁol of’ﬁ%ﬁ'glﬁl%%t?&- Set
PCT/ US94/ 04617 86 Result type: . coglEctakdy Rongseln. memsel(1l:0)

counter cntrsel is less than const, |f|a&éf%&%ﬁué(%ﬂ(Ehé'ViﬂghL(l:O)

pins, and'VMSEL(Z) is set "“high".
The output token's descriptor is

10 _ the same as OPl's, except that
type is forced to be "i". If oOP1
is a data toke, its data blocks
are ignored. See Section 6 for a
complete explanation of how this

15 instruction executes.

Error conditions: none

WRV16 (12:10)memsel, (9:8)corgsel,
_ (7:4)horgsel, (3:0)vorgsel
20 "Write to Video Bus In 16 Bit Mode"
Operation code: 26
Processor: ViU
Max. destinations: 0
Parameters: memsel - memory select; 3 bit

25 constant
| corgsel - component origin

register select; 2 bit constant
horgsel - horizontal origin
select: horiz. origin = horgsel

30 _ . %128
vorgsel - vertical origin select:
vert. origin = vorgsel %128

Result type: none
Function: Writes the 8 LSBs from each of
35 OPl's data words to the

components specified in OPl's
token descriptor using two 8 bit
video data busses jointly



result descriptor; othermnse 5 : ' ) Iflag is
set to "1WOC s#ze3gonpari son between the sel ected counter and paIrg$94102617
performed using un3|gned arithnetic. The rest of the result descriptor is

10 - copleg'gron1CP1 wi th the exception that
type is set to 0. Error conditions: non ' o (2)conp||
(1D compl 2, (Oop 15 "Logi cal | erat.e. on_Bgol Val_ue

Qper ati on code: 12 Processor: ¥e%ﬁtﬁgxb d@?ﬁsﬁj‘taﬂa o %hﬁat a
oper ands: OP1 - any token type 20 "line swap" reglster set - OP2
- any token type Paraneters: conp b|t s bi t
constant op - 1 bit constant Result type Eérgsél E?QE %%gpb%ltte
Functi on: 1flag of OP1's tokenraésthptbp ahé hbirigootadPand -

t oken dgscriptor are operated on as booIe@grgghggsorWEEHstnggggghtfgbgped
inlflag of the result 30 _
Ot her bits in the result descriptor are cBﬁFEEelvOHP€9§elThénﬂo§PGal

operation to be perfornmed is selected as ghpiohfal hgnfoibewiBg1t aklrgett he
35 operator . refers to 1's

conpl enentation): conpl 1 conPl2 op operatFe@Llgter sef selecged pp)coggsedp)
memsel (1:0) is output on the

10 VIMSEL(1:0) pins, and VMSEL(2) is
set "high". Unless an error is
detected, no output token is
created. See Section 6 for a
complete explanation of how this

15 - instruction executes.

Error conditions: An error is detected if OP1 is
not a data token; in this case,
no data are written to memory,
and the VIU creates an output

20 ' control token copied from OPl's
descriptor but whose errflag is
set to "1".
WRV16.S (12:10)menmsel, (9:8)corgsel,
25 _ (7:4)horgsel, (3:0)vorgsel
"Write to Video Bus In 16 Bit Mode and Signal
Completion"
Operation code: 32
Processor: VIU
30 Max. destinations: 0
Parameters: memsel - memory select; 3 bit
- constant

corgsel - component origin
register select; 2 bit constant

35 horgsel - horizontal origin
select: horiz. origin = horgsel
*128



WD 94/ 25935 PCT/ US94/ 04617 87 o

0 W0 9@R%93sand. OP2 o 1 0 OPl .or. ( OP2) @CT/US94M4617 1
OPl .and.( OP2) 1 0 0 (-OP1) .or. OP2 5

1 . 0 1 (-OP1) .and.OP2 1 10& o (-OPl).or.(-0P2) 1

% ) 1 f-CPl).and.(-OPZ) Error conditions: none 10 CoPY

O) copysel "Copy Token" eration code: pr :
Max. destinations: 3 15qo vor%e%gn S\P&Pé§8£1 ozilglr(xj 531%9
control token Par anet er s: copy§é¢rt pg iR vcrorgsel chpiBal | of
t oken, copy desgidRfid 3le: Result tadifErol token'f copysel =1, a
control token 20 ener at ed; othermﬁse,

same as OP1 Functi ofunction: | f copyteites d:hea:&l £ oPPTRL235h 7
uncongi tionally copied to the result tokssn'd fafEpnestds o e

o set to L0 in the descriptor of the FESHINGREEPEISY HPhSors
associ ated 30 token desdiipRir arsingnowed bit
video data busses jointly
selected by memsel(2) and the
10 '~ m®line swap" register set corgsel.

The data are written relative to
the horizontal and vertical
origins computed from horgsel,
vorgsel, and the horizontal and

15 - vertical offset register set
selected by corgsel. memsel(1:0)
is output on the VIMSEL(1:0)
pins, and VMSEL(2) is set "high".
The instruction result is a

20 control token whose descriptor is
copied from OPl, except that
1flag is forced to be "1". See
Section 6 for a complete
explanation of how this

25 instruction executes.

Error conditions: An error is detected if OP1 is
not a data token; in this case,
no data are written to memory,
and the VIU creates an output

30 ' control token copied from OPl's
descriptor but whose errflag is
set to "1,
RDV32 (12:10)memsel, (9:8)corgsel,
35 (7:4)horgsel, (3:0)vorgsel
"Read from Video Bus In 32 Bit Mode"
Operation code: 27

Processor: VIU



Error conditions: none. 4.3 Token- Descriptor Mdification 35

CRTOKEN WO°94/25935 (4: 3) nbl ocks, (2: 0)corrps "Creat e Contr ®CTIERREIR4617
Oper ati on code: 15 Processor: : .DCU WO 94/ 25935

PCT/ US94/ 04617 88 Max. desti nati ons: Eg ? oper ands: - none

Par anet er s: - nblocks - (nunber -of dafa blocks in token) - 1; 2 bit
constant 5 ‘Max. destinations: 2 COMPS - conponents. present in
token; 3 bit bool ean constant Result type: control token Function:

Creates a control tokedtaheReramiscks ewmpEbnpscﬁnﬁrqb aredaba token

initialized using thepir&fetered paranetq&@mggpve,meﬁégyogggécﬁLegdglgre
set to zero. This instruction fires uncondltlonally and only once during

the 15 XReEIBR of a program and assunes

that the value of nblocks is consistent vitdFgEIPs abfpéhén€OostEgin of the

t f t t CONFI &O, 20
CONFIGL, and| CONFI 2. NOTE: “al | - CRTOKEN T#RRHE | SRLeFH o2 bbb SamRtent

appear in low instruction menory and predssisgsel otherizontal origin
select: horiz. origin = horgsel
*128
10 vorgsel - vertical origin select:
vert. origin = vorgsel *128
Result type: data token
Function: Reads 8 bit unsigned image
o components from the video bus as
15 specified in OPl's token
descriptor using the 32 bit bus
mode and creates an output data
token. The 8 bit data are sign-
. extended (with zeros) to form 12
20 : ' ~ bit, 2's complement numbers. The
data are read relative to the
horizontal and vertical origins
computed from horgsel, vorgsel.
and the horizontal and vertical
25 offset register set selected by
corgsel. The memsel parameter is
output on the VMSEL(2:0) pins.
The output token's descriptor is
the same as OPl's, except that
30 type is forced to be "i". If OP1l
is a data token, its data blocks
are ignored. See Section 6 for a
complete explanation of how this
instruction executes.
35 Error conditions: none-

RDV32FMV (12:10)memsel, (9:8)corgsel,
(7:4)horgsel, (3:0)vorgsel



I nstruction types; a nmaxi mum of 25 t hree
CRTOKENwo94neesi ons may exi st in a program Error conditi oRET/USIHO$A7 ,

| NCCNTR (9:8)cntrsel, (7:0)const 30

"Unconditionally Increnment Counter” Cper%tlon code 16 Processor:
DCU Max. destinations: 2 Data operands: - any token type 35
Par anet ers: s ount er. sel.ect; s .=_h 3
cntrl, 3 = cntr2 é/%ﬁ@% 92486 %Bus bs§£g 90rw¥98 Mollon R@&tor In

PCT/U894/04617 89 canztBit8Mbde"2' s conpl ement constant Result type
same as OP1 Function, era ion co%@e countgr field selected by 5

cntrsel fromOPl's t escrrptor is |ncrenented by the val ue const and

copied into the corrE%QEﬂﬁﬁ@@ field of tHW&Uresult token. Any data

associgted Wth 10 may. gestinations: 2 OP1 are also copied into

the result token. Error conditions: none Cl:NCCNTR Eglo%lsense,

(9:8)cntrsel, 15 Data operands: OP1 - contrelopeofata E8K&Nti onal |y

I ncrement - Counter” GRgrahéedrsode: lfemsel - memory select; 3 bit
constant

_ corgsel - component origin
10 . register select; 2 bit constant
horgsel - horizontal origin
select: horiz. origin = horgsel
*128
vorgsel - vertical origin select:

15 vert. origin = vorgsel *128
Result type: - data token
Function: Reads 8 bit unsigned image

components from the video bus as
specified in OPl's token

20 . descriptor using the 32 bit bus
mode and creates an output data
token. The 8 bit data are sign-
extended (with zeros) to form 12
bit, 2's complement numbers. The

25 data are fetched relative to the
forward motion vector extracted
from sfield(43:22) in OPl's token
descriptor and the horizontal and
vertical origins computed from

30 horgsel, vorgsel. and the
horizontal and vertical offset
register set selected by corgsel.
The memsel parameter is output on
the VMSEL(2:0) pins. The output

35 : token's descriptor is the same as -
OP1's, except that type is forced
to be "1". If OP1l is a data
token, its data blocks are



Processor: .. DCU Max. destinations: - 2 20 Dat a oper ands:
OP1 - anyW®RH2FIBype OP2 - any token type Paraneters: PCIUSI3 K617
counter select: 0 = vpos, 1 = hpos, 2. =c¢cntrl, 3 =cntr2 25

const - 8 bit 2's conpl enent c0nstant-|seqﬁﬁ - 1 bit bool ean constant

Result type: sane as OP1 Functi on: - - tflag of OP2's token
30 ' - descri ' E_.QES t v l.se e
counter field selected by cptrsel f'romCP?"t;gl[j Okén ggc?%%?&#§i§§%brt%

i ncremented by the val ue const and copi edcPRPdetigeesplanation of how this

corresponding field of the result token. ARkrddi-eidpseskaligdswith OP1 are
al so copied into the result token, If 1flag of OP2's WO 94/ 25935

PCT/ US94/ 04617 90 t okERTBESEPREEEACRSEs nBPNBave the val ue | sense, OPL is
copied pnnodified to the result token. Error conditions: none 5 ADDCNTR

(3:2)cntrsel 1, (1:0)9E55§8£§V"Add Cbunteriizz %5%&5221?0?838)cor%§e1,
: (7&4)horgsel, (3:0)vorgsel
"Read from Video Bus Using Backward Motion Vector In
32 Bit Mode"
10 Operation code: 29 .
Processor: ViU

Max. destinations: 2

Data oﬁerahds: OP1 - control or data token
Parameters: memsel - memory select; 3 bit
15 . ~ constant

corgsel - component origin

register select; 2 bit constant

horgsel - horizontal origin

select: horiz. origin = horgsel
20 . *128 |

vorgsel - vertical origin select:

-

- vert. origin = vorgsel #*128
Result type: data token
Function: Reads 8 bit unsigned image
25 components from the video bus as

specified in OPl's token
descriptor using the 32 bit bus
mode and creates an output data
token. The 8 bit data are sign-
30 . : extended- (with zeros) to form 12
bit, 2's complement numbers. The
data are fetched relative to the
" backward motion vector extracted
from sfield(21:0) in OPl's token
35 ' : descriptor and the horizontal and
vertical origins computed from
horgsel, vorgsel. and the
horizontal and vertical offset



Processor: DCU 10 _ Max. destinations: 3 Data operands:
OP1 - anwotekazpsst ype OP2 - any token type Paraneters: PCTEWSMOS4IT -
OP1 counter select: 0 = vpos, 1 = hpos, 2 = cntrl, 3 15

= cntr2 cntrsel2 - OP2 counter select: O = _vpos, 1 = hpos, 2 = cntrl, 3 =
cntr2 Result type: sanme as OPl1 2 Functi on:

Counter field cntrsell fromOP1's token descrjptor d o]

field cntrsel2 from OP2's token descrlptﬁ? éﬁtthge egﬁ??SgSpleg Hg%géel.
counter field 25 The memselcparasetevf isheutputl pn
t oken. Any data associated with OP1 are Oyk8 e u en.
Error conditions: none 30 COPYFLD éﬁé EL?%lbg) 1£E e?ﬁg %ht%ggsk
"Copy Descriptor Field from Operand 2 |nt@?QpéﬁadGSEIlEEGIa@ﬁoﬁhéoééme as

37 Progessor: ' DCU 35 ' orlkg, QﬁéEbEaEhQﬂstypg P8t gorced
oper ands: | OP1 - any token type OP2 - any token t¥pe Paranetg %
copyal | - 1 bit bool ean constant V[)9Q¢2393§1" OPl 1s ata

PCT/ US94/ 04617 token, its data blocks are

ignored. See Section 6 for a
complete explanation of how this
10 instruction executes.

Error conditions: none

WRV32 (12:10)memsel, (9:8)corgsel,
(7:4)horgsel, (3:0)vorgsel
15 "Write to Video Bus In 32 Bit Mode"
Operation code: 2A
Processor: VIU
Max. destinations: O

Data operands: OP1 - data token
20 Parameters: memsel - memory select; 3 bit
constant

corgsel - component origin
register select; 2 bit constant
horgsel - horizontal origin

25 ~ select: horiz. origin = horgsel
*128
vorgsel - vertical origin select:
vert. origin = vorgsel #*128

Result type: none

30 Function: Writes the 8 LSBs from each of
OPl's data words to the
appropriate components on the
video bus as specified in OPl's
token descriptor using the 32 bit

35 : bus mode. The data are written
relative to the horizontal and
vertical origins computed from
‘horgsel, vorgsel, and the



91 bytesel - 4 bit constant in range [0:11] mask - 8 bit bool ean const ant
Resul t t y\We:94/25935 sane as OP1 5 ~ Function: ~ PCT/US94/011§17 :
copyall = 0, byte bytesel of OP2's token descriptor is bit- wise ANDed with"-
mask, byte bytesel of OP 's descriptor is;pjt-wise ANDed with the one's 10
conpl enent of mask, and these two internediate results are bit-wise ORed to
form byte bytesel of the result descrlptgbrfgyhggynaﬂg Jer iesuldeeset
descriptor bytes are 15 -~ copl e from OPL..
Descriptor bytes are nunbered fromo0 to E?gkﬁ§ﬁ¥tﬁﬂﬁeiﬁﬂﬁﬁﬁﬁﬁthﬁaQREESEl-
significant. If copyall =1, the result eaeCnddgdl, fpurtalmetﬁaﬁ- %(% output on
exception of bit 7 of byte 0, is conplet copi ed m OR2' s descri ptor.

I n aﬁy case, any data associated with C]D%&"ﬁré’%(@o )e@iP§ t ¥ tan
token.5§5 . 0 ( " f elrﬁ&@fTEs dggleweas,{(mtdxmpxﬁ way's
copies bit 7 o te I.e. the type fi r,om 's to scri,ptor
in?o t he correspo%ding bit of the result% g%%? Greged B SEH R
regardl ess of the values of copyall, byté&sel a antiplete ekplanatdmii tafohdw

I f copyall = 0 and bytesel is greater, th%ﬂiélinié%H@EfQﬁ Eiecutes
Error conditions: An error is detected if OP1l is
10 : not a data token; in this case,

no data are written to memory,
and the VIU creates an output
controcl token copied from OPl's
. descriptor but whose errflag is .
15 ' set to "1v,

WRV32.8 (12:10)memsel, (9:8)corgsel,
(7:4)horgsel, (3:0)vorgsel
"Write to Video Bus In 32 Bit Mode and Signal

20 Completion"
Operation code: 33
Processor: VIU

Max. destinations: 2

Data operands: OP1 - data token
25 Parameters: memsel - memory select; 3 bit
constant

corgsel ~ component origin
register select; 2 bit constant
horgsel - horizontal origin

30 select: horiz. origin = horgsel
*128
vorgsel - vertical origin select:
vert. origin = vorgsel *128

Result type: control token
35 Function: Writes the 8 LSBs from each of
' OPl's data words to the

appropriate components on the
video bus as specified in OPl's



I medi ately term nated and 35 | ' errflag is
set in twe 9a2spist descriptor; a contrel token is returned aPCIVESIHBSaITt .

WD 94/ 25935 - PCT/ US94/ 04617 92
SETDSCR : (19:16)bytese|,_(15'§)nask, (7:0)bconst
"Unconditionally Set Descriptor Bits" Cpé dtion code: 1B 5 -
Processor: DCU Max. destinati ops, y .any
token type Paraneters: byt esel -Q§k%%tg%%%§?§§§gpgg%g gghfgg%1?1?0 '
mask - 8 bit bool ean constant bconst - Sobstnddel eafheodztanar@ewnitteppe:
sanme as OP1 Function: Byte byt f ' [ h S

bit-wise ANDed with mask and 15 fafative B3 EndREELRLALaL Pand |

bit-wise Ored with bconst. The final nodve¥eicalterigingicemputedr ésont
descrigtor along with the other unnodifigghr-dyies 9br§Ed1, DORGrtREOr bytes

20 _ are nunpered fromO to 11,_wth byte O
bei ng the nost significant. Any data as T BFREW t FOPIeEr2Cat s8EEBBFed to
the result token. NOTE: This 25 register set selected by corgsel.

i nstruction unconditionall .
tonatty The memsel parameter 1s output on

the VIMSEL(2:0) pins. The
10 ' : ' instruction result is a control
‘token whose descriptor is copied
from OPl, except that 1lflag is
forced to be "1", See Section 6
for a complete explanation of how
15 this instruction executes.

Error conditions: An error is detected if OP1 is
not a data token; in this case,
no data are written to memory,
and the VIU creates an output

20 control token copied from OPl's
descriptor but whose errflag is
set to "1, '

4.6 Host Interface Instructions
25 RUNENC
' "Run Encode"
Operation code: 2B
Processor: RPU
Max. destinations: O

30 Data operands: ~ OP1 - data token
Parameters: © none
Result type: none
Function: The data in OPl are zig-zagged
and run-coded and then prefixed
35 with data from OPl's token

descriptor; these data are then
packed and written into OUTFIFO
in the host interface unit as



copies bit 7 of byte 0 (i.e. the type fleld) from OPL's token descri tor

i nto the W@®SAB8YSNdi ng bit of the result descriptor 30 PCT/US94/0 .
regardl ess of the fvlaues of bytesel, bconst, and mask. Error condltlons:f
I f bytesel is greater than 11, execution hislﬂﬂEdlate|y term nat ed and
errflag is set in 35 _ the result _
descriptor; a control token is returned a&eé391b€§uhh SectQSncsETDBQEess
(20) I sense, (19:16)bytesel, (15:8)mask, (7:0)bconst "Conditiqgnally S
Descriptor Bits" Operation code: 1C 8n error is deppgteds ono reSult
DCU Max. destinations: 1 Data operands tokenCEQ ouaputtoken type OP2 -
any token type Parane

bytesel - 4 bit const ﬁ¥°Fnc?5ﬂb§1stll] ﬁﬁsﬁrr°§ b?tgﬁg Eé ni%ag%&n%s

bconst 5 8 bit bool ean constant Result typet a data teskenm;ainOBhisScase,

“Functi on: If I'flag of OP2's de yte
bytesel of OPl's descriptor is bit-w se A Q£gtﬁ§ Qkﬁ igﬁgﬁﬁ eBESPtB,
bit-wise Oed with bconst. The and the RPU creates an output

control token copied from OPl's
descriptor but whose errflag bit

10 ~ is set to "i“.
RUNENC.S
"Run Encode and Signal Completion"
Operation code: 2C

15 Processor: RPU

Max. destinations: 3 _
Data operands:  OPl - data token

Parameters: none
Result type: control token
20 Function: The data in OP1 are zig-zagged

and run-coded and then prefixed
with data from OPl's token

descriptor; these data are then
packed and written into OUTFIFO

25 | - in the host interface unit as
described in Section 7. The
descriptor of the result token is
copied from OPl, except that
1flag is set to "1".

30 Error conditions: If OP1 is not a data token,
errflag is set to n1n in the
output éontrol token's
descriptor, and no run length
encoding is performed.

35

RUNDEC
"Run Decode"
Operation code: 2D



20 final nodified byte is witten to the
resul t vesesispsopr along with the other unnodified bytes of RGTUSHEELT pt or
bytes are nunbered fromO to 11, with byte 25

O being the nost significant. Any data agggciated with OP1 is also copied
to the result token. If Iflag of OP2's deScriptor does not equal I|sense,
then OP1's 30 . descriptor is not nodified,
and the result toke$ﬁ%§%f%%5y of CPl.-ﬁB?é: This instruction

uncondi tional |y copMaxbidestuiatiors) (3.e. the type field) from35

OPl's token descrimﬁ%ﬁ§ s Lorrespopehdg bit of the result descriptor
regardl ess of the 8%%?%935

PCT/ US94/ 04617 94 vAaramefiedst esel, bcdM®e l1sense, and nmask. Error

condi tg ons: I bytwesslid seygseat er thangdda €xesytion is immediately 5
termnated and errflag Is, sét in the result desgé%ﬁtor' a control é&k&gtgs
returned as the resdMnc ANT 10 A run-codeflc Htf TFORaPTYSS

Descriptor Quantizer" Operation code: strddn Pfpomsimput rate buffécy
(INFIFO) is inverse zig-zagged
and run-decoded to form a data

10 token as described in Section 7.

Error conditions: If a data block with more than 64

sero and non-zero values is
detected during run length
decoding, a control token having

15 | its errflag bit set to "1" is
returned as the result; other
bits in the token are undefined.

SNOOP

20 "Snoop Token from Program Dataflow"
Operation code: 2E
Processor: TiU

Max. destinations: ©

Parameters: none
25 Result type: ' none
Function: OP1 is copied into the TIU's

Token Passing Buffer for

inspection by the host processor.

This instruction fires only if
30 TPBSEL = 3 and TPBFULL = 0.

Error conditions: none

35

SNEAK
"Sneak Token into Program Dataflow"



Max. destinations: 3 Data oper ands: - OP1 - any token ty.pe 15"

Par amet er ¥Q 94/25935 none Result type: - sane as OPl. FupCIius9euo04617
The quant field of OPl's descriptor is unconditionally set to the contents
of the quantizer 20 o . . regi ster QUANTREG and-
copi ed, along with the other descriptor bHZ, to the result token. Any data
“associated with OP1 gt o copjed to t result. 25 Error
condi tions: none .4?6§e%¢13?r?0% ht r ol TELl (20) I sense,
(19: 16) byt esel , (15: Hrecskssqgd: 0) bconst 3ILU "Test Descriptor and
Gate Token" Operati ongppdey : -dntefrnal Processor: _ DCU Max.
destinations: 1 Data_operaensdfél:naéfghé'@?- any token type 35

Par anet er s: Dageneperandst bool gwneonst ant bytesel - 4 bit
constarg in range (O:phldanBisdes: 8 bit bog{gan constant WO 94/ 25935

PCT/ US94/ 04617 95 bconst - 8 bit bool ean constant Result type: samne
as OP1 Functi on: Result fypes pyt esel wntyot oxj«daka fakensapit - wise
ANDed wi th nmask and determined by the contents of the
Token Passing Buffer (TPB) in the
TIU ' _ '
10 * . Function: The contents of the TPB are

copied into the progran's
dataflow as a control or data
token as determined by the most
~significant bit of TPB(0). This

15 - instruction fires only if TPBSEL
= 2, TPBFULL = 1, and TPBADR
contains the address of the SNEAK
instruction.

Error conditions: none
20

25



5 the result bit-w se conpared with

bconst . 'Vb QGhdgds an f not equal and |sense .=pAT/USKO4IT
copied to the resul “lmmﬂfllmﬂlmmﬂ - no out put token 10

i s produced. Descri ptoe t@s aresnunbered fromo0 to 11, with byte 0 being
the nmost significant. Error conditions: 118§ bytesel is greater than 11, 15

execution is innediatelé termnated and errflag is set in the result
descri pt o L is returned as the result. 20 :
DGATE2 (20) 1 sense, (19:16)bytesel, (15: 8)nask (7:0)bconst

"Test Descri ptor of Second erand and Gate Flrst er and ode:
2F 25 rl(ao age compresg¢\GOePTRSTIHN i Hh"s Er%"’[étmg g

oper ands: single @Eiucoasmdwtertﬁj;goe:dai&rsmg/ t oken type Paraneters:

| sense - 1 bit boolean constant._ 30 vi.esel
- 4 bt constant inS r1[ t] R fc?f l?l%erb egansaclodnscf%?o%%sosnosito i_r‘?
bit bool ean coast:am'dammﬂmpe stored pragmramias OP1 35

Functi on: %.%-ftbe% 35 fluLle ﬁ.eéi c{.g,s(;sr i Vortrdi tud € msdhBd

with mask and the résu W Se conpadr const. If equal and |sense
=1 and _

a plurality of special purpose processing means, each
10 coupled to said bus, for performing a subset of a group of
steps in an image compression/decompression process.

2. The image compression coprocessor of claim 1.
wherein each of said special purpose processing means have
15 different, special purpose hardware.

3. The image compression coprocessor of claim 1
wherein said stored program is a data flow program, and said
control unit means transfers instructions and data tokens to

20 said plurality of special purpose processing means over said

bus.

4. The image compression coprocessor of claim 3
wherein each of said data tokens includes from one to a
25 plurality of blocks of data or data vectors.

5. The image compression coprocessor of claim 4
wherein each of said data tokens further includes a token
descriptor identifying said token as a data token and

30 indicating the number of blocks of data attached.

6. The image compression coprocessor of claim 3
wherein said instructions are transferred to said plurality of
processing means in packets separately from data or control

35 signals for said processing means. -

7. The image compression coprocessor of claim 3
wherein a plurality of said processing means include:



Max.

U?H?bteng?gsp¥

nbered fromO to 11 \Mtk\byte 0 bein é;the nost significant. Error
it i ons: If bytesel is greater than ##

1" nated and errflgg i.s set, in the result descri con toke |s
rned as the resu Qﬁ%é%%°n register meaHEMNQAgéi§ E%? ?ﬁéﬁ

(7# 0) const "Teshoa:dunt;ercrmd:fGaiaacIrdkxstruatémets-on code:

PCT/U894/04617 96 or

COpI ed to the result t okpotUSH et se,
tor bytes 5

execution is innediately 10

36 Processor:

destination 2 Q nds - an
okeni type Par ameter%uffzer %eanﬁ,sé:r%xgl_ed?%ﬁ ag%(rjl élasrf cfoor{'.st %%D%nrﬁ rsgae%/d-

counter select:ad® ieas&s one :cﬂnsasi,d BRatacroklensy = cnt r2 25

const 8 bit unsi gn w e: ﬁ |
OPl is copled to the res en cSant ér-Ch rse 655 an cons and

| sense

0 or iangpsaid 1nstructlon register means, ﬁggﬂnepfqynxqgﬂsaxd

greater than orsggggh b2 <eaYs;aRGhd sense = 1,

10

15

20

25

30

35

- state machine means, coupled to said instruction
register means and said buffer means, for controlling the
interfacing of said instruction fegister and buffer with
said bus. |

8. The image compression coprocessor of claim 3
further comprising: '

a host interface port for coupling to a master host
processor; ) _

run length processor means, connected between said
bus and said host interface port, for converting data
between said token format and a run length format for
communicating with said master host processor.

9. The image compression coprocessor of claim 3
further comprising:
a host interface port for coupling to a master host
processor; and |
token interface means, coupled between said bus and
said host interface port, for allowing said host processor
to insert tokens directly and to view tokens on said bus.

10. The image compression coprocessor of claim 1
further comprising:
a video interface for coupling said bus to external
video memory; and
a processor interface for coupling said bus to an
external host processor.

11. The image compression coprocessor of claim 1
wherein said control unit means further comprises bus



ot herw se, no output token is produced. The conpari son between the sel ected
count er WOM4RaEst |fm mm ﬁll u)lw perpCavUssaiosss Ny |
unsigned arithnetic s A ; none. WO 94/ 25935 -

PCT/ US94/ 04617 97 M NI _ (4) maxsel "Sel ect m ni mum or maxi num
scal ar val ue" Qperation code: 31 Pr Lsor: DCU 5

Max. dest| : L .3 Data operands, QP - control .token OP2 - coniro
t oken Par g%%%.g:%sgi:lon meanﬁm)&o&pq._edlttﬂ tsadg))lbé%ﬁ*! c%%t%ﬁﬁlﬁ%%ﬁ?gt%%:oé
control tsRaed b@s between saidimmintowl unit meanssfarel P PlufalPy sof

t oken desgribpLak ks G ed with sfield(23:0) of OP2's descriptor; the two
24 bit values are treated as 2's conpl ement nunbers. |f 15
maxsel = 1 and OP2 is greater than or equal to OPl, Iflag is set to "1" in

the rgsult descriptgk_ an t Crd ' | f oP2; if
20 e e e I S okt 1o

"0" whi | eVRRESLBsFdA cratFedc unitomenas: senda insAroAns YruGhen menaryand

OP2 is greateholding at least first and second programs loaded from an
external host, and means for causing the execution of
instructions from said first program prior to completion of

10 said second program.

13. The image compression coprocessor of claim 1
further comprising an auxiliary unit means, coupled between
said global bus and an auxiliary interface, for coupling an

15 external auxiliary processor to said global bus.

14. The image compression coprocessor of claim 3
further comprising: '
a semaphore register coupled to said control unit
20 means; :
a plurality of semaphore instructions in said data
flow program for modifying a count in said semaphore
register upon the accessing of a data token, testing a
semaphore value in said semaphore register and preventing
25 a new data token from being accessed if said semaphore.
value exceeds a maximum value, and modifying said count
upon a data token leaving said control unit.

15. The image compression coprocessor of claim 14
30 wherein a first semaphore instruction tests and decrements said
count before each instruction requiring a data token,'and a
second semaphore instruction increments said count after each
data token leaves said control unit.

35 _ 16. The image compression coprocessor of claim 3
further comprising: o
a semaphore register coupled to said control unit

means;



than or egual to oPl | to -
"1" in tW g‘ zﬂﬂlumgﬂiw Illﬂ!“ pi ed from OP1; if OP2 i §C|Té§§94{ :
|flag is set to " 0" f t he descriptor is copied fron1CP2. 30--

Error conditions: If either OP1 or OP21fs not a control token, execution
is imrediately terminated and errflag is set in the result descriptor. 35
GATE a (piuseEhbey "6t tnstrdokbohs Qhrrasiondavdeslow prbfram
WD 94/ 25935 . . / US94/ 04617 98
Processor: havlng[ilf?ﬂﬁfoﬁeg*?%%IYﬁﬁ%: %ufgfﬁ'dgggands: oPl -

any token type OP2 -meamns tfdencogparing said numbePaimnsaidscontrol field
| sense - 1 bit £a0s t 1 z
resul t Functlonl}pqlﬁa(’a’r}1 éﬁﬁqﬁ‘fﬂﬂ of %@gnt %okenl%escrlgﬁoghggggﬁtag
val ue 9 sense, @mng mwmqacﬁaxﬂtmetmnonothrouqh said control unit

token; ot herw &%aﬁ?lfdzs Whh r@ai&%ﬁbéfkﬂ&éﬁegeaﬂat 86unkl r or
condltlons none GATE" (4)1sense,
(3:0)fl agsel

17. The image compression coprocessor of claim 16
wherein said number in said control field is one number in a
10 sequence, and further comprising means for modifying said count
in said semaphore register such that only one instruction is
allowed to pass at a time.

18. The coprocessor of claim 3 wherein said control
15 unit comprises:
an internal bus interface coupled to said internal
bus; '
an enabled instruction queue means, coupled to said
internal bus interface, for holding instructions to be
20 transferred to said special purpose processing means;
a data token memory coupled to said internal bus
interface; and
update unit means, coupled to said enabled
instruction queue means, for providing instructions to
25 said enabled instruction queue means.

19. The coprocessor of claim 18 wherein said update
unit means comprises:
first means for determining if an instruction is in
30 - said enabled instruction queue means;
second means for determining if data tokens
associated with said instruction are in said data token
memory;
third means for determining if a one of said special
35 purpose processing means required by said instruction is
busy;



"Gate on Fl ag" Oper 1F Processor: DCU Max.
dest i natwornst259% 2 T“’Ilﬂum iﬁl "!IIMI‘a oper ands: oPl - é’@'@&?h@#ﬁlﬂype

Par anet er s: bool ean constant flagsel - 4 bit
constant in range [0:15) Result type: same as OPl -or- no result 25
Functi on: If global flag flags%? has the value Isense, OP1 is

copied to the resul tmééggenf:r:orl(r)t con%ﬁq?@élas SO0 %Eﬁ]dsg_@drgﬁ%ieas

generated. 30 ons:

(9: 8) sensel , (ir@mim rAueus i DRATS: AGARARS I hatsaid chirst, secopdis

Processor: hid) s dest itd A ing. Data operands: oPl - -
any token type MD 94/25935

PCT/ US94/ 04617 99 Paraneters: senreg - semaphore register select;
2 bit sconstant semizy,. MBI rOIESBYE éﬁlératmoih -ﬂﬁ"ﬂlﬁeﬁ &bm 1sub¢£
7:4, 1X =5 bits, 7: 0 const

constant Result typ&ourth means, for defermining oif sai enable4n|t|allzes

the 8 bit sempjhetetuction queue means is full.

21. The coprocessor of claim 18 wherein said update
10 unit means further comprises:
a semaphore register; and
means, coupled to said semaphore register, for
modifying a count in said semaphore register upon
accessing a data token in said data token memory, testing
15 2 semaphore value in said semaphore register and
preventing a new data token from being accessed if said
semaphore value exceeds a maximum value, and modifying
said count upon a data token leaving said control unit.

20 22. The coprocessor of claim 3 further including a
first register, wherein said program includes a CRTOKEN
instruction which can be executed only once in said program,
said CRTOKEN instruction being allowed to execute only if said
first register has a first value, said CRTOKEN instruction

25 causing said first register to assume said first value after
execution, said coprocessor including reset means for changing
said first register to other than said first value.

23. The coprocessor of claim 3 further comprising:
30 a block allocation memory for storihg blocks of data
for said data tokens;
a token address memory for storing pointers to said
blocks of memory, each of said pointers corresponding to a
data token; and
35 control means, coupled to said token address memory,
for copying a block of data from one data token to another
data token by modifying said pointers.



regi ster senreg as follows: if 10 — o - senbit =

00, bitswo 942934 he Eﬂm nmﬂ e are set to bits 3:0 @fcrousmiraisirzt -
semib = 01, bits 7: mg,m m semaphore are set to bits 3:0 of 15
const; finally, if sehbit 2 10 of 14, the.entire semaphore is set to const.
OP1 is then copied to the result token.’ E??or ‘conditions:  none 20 TSTSEM

(9:8)sensel, (7:0) "Test Semaphore" 1 on : 20 Processor
DoU 25 "VEk: (B3¢ FAPEBRSESos B AlafR, SRqLurtner CopprisiHg’a
t oken typehdademeatensry for storingrégseriptapsioferrsgidt@ataetekens? bit

SONohiTs SO roxg TERIALES g ey Bt BFlng Pointers £7 BOER @ descripggr.

as OP1 Funnmlsand header meny¥yt3ndnd i blodke @ftdmtselmmﬁhn@ blogBsk with

t he | egst - ignificant 4 bits of cntrl
t
in CPla escr??n%ﬁnr%ﬁ%ﬁé¥ f%ﬁ %??@ %fg% 53&?%9 of mask with nibble semib
of semaphore register -VI)94/25935 _
PCT/ US94/ 04617 25. The coprocessor of claim 19 further comprising

fourth means for determining if a functional unit in an
external processor is busy.
10 _

26. The coprocessor of claim 25 wherein one of said
special purpose processing means 1s an auxiliary interface unlt
for interfacing with external processing units, and wherein
said fourth means comprises a status table in said auxiliary

15 interface unit.

27. . The coprocessor of claim 26 wherein said status
table is a status register having a location for each
functional unit, and further comprising:

20 means for setting a first status bit in said status
register upon the transmission of an instruction
designating a first functional unit in said external
processor; and

means for clearing said first status bit upon the

25 reception of a result packet from said'first functional
unit in said external processor. -

28. The copfocessor of claim 21 wherein said
internal bus interface includes a scalar processor unit means
30 for copying an operand of a semaphore instruction to a result
token after said modifying a count and testing a semaphore
value in said update unit means.



100 sensel94kgﬁn copies OP1 to the result token Error cond ﬂ?§48$%90ne 5

TSTDEC WO (11:10)senreg, (9:8)semib, (7:4)contst onst2 .
"Test and EEcrenent-Senaphore" Oper ation code: . 3A Functional unit:

DCU 10 - Max. destinations:. 2 Data operands: - OP1 - any

t oken type Result type: 'sanE“aS'ygé Par aneters: . senreg -
semaphore register select; 2 bit constaﬂ 5

semi b - semaphore nibble select: 00 = bits 3:0, 01 = bits 7:4, | X = bits
7:0 constl - 4 bit unsigned positive integer 20

const2 - 4 bit unsigned pé%itive i nteger Function: If bit 5 of
byte O (i.e. nblocks(1l)) 6~CR1's token descri ptor rE’ﬁ%ro sets K = 25
constl; otherw .se, set k = conp{Z2. he followng: if semib =
00, waits until k is less thango of senmaphore register

30 _ subtrafs k frombits 3:0
of semaphore register sean$eg* [ i S nc¢hange if setmi b = 01,
waits until k is less than or o) :
0]
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35. ' bits 7: 4 of senaphore r eg,
t hen sub??%%%@w%’fron1blts 7.4 of senaphore reglster senregqgagbstoreggthe

4 bit -~ WD 94/25935 : PCT/ US94/ 04617
di fference back into bits 7:4 of senaphore reglster senreg, - Ieaving bits

3: 0 unchanged; finally, if semib = E&%

creates an 8 bit constant whose nost S|§? cant nibble is zero and mhose

| east significant nibble is k, waits until this constant is |less than or
equal to 10 : = semaphore regi ster senreg, then
subtracts it from semaphore reglster<senreg and stores the 8 bit difference
back i nto semaphore register senreg. mCPl 15

is then copied to the result token. fFhe operands in all of the latter
conpari son and subtraction operationg are treated strictly as unsigned 20
positive nunbers. Error conditions: @ none | NCSEM

(9: 8)senmsel, (7:0)const "Increnent_S&maphore" 25 Qper ati on
code: 21 Processor: DCU Mgx. destinations: 2
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Dat a oper ands: OP1 - any tokén-typé Paraneters: - - senreqg -

. semaphor¥WOrMgs®ser 30 - . ~ sel. e(ﬂCT/QS%W”

constant semi b - semaphore ni bble select = bits 3:0, 01 = bits 7:4,. 1X
bits 7:0 constl - 4 bit unsigned positive 35 o _

integer const2 - 4 bit unsigned positive integer Result type: sane
as OP1 WO 94/ 25935 3/30
PCT/ US94/ 04617 102 Functi on: ~If bit 5 of byte O (i.e. nblocks(1)
of OPl's token descriptor is zero, qgts k = constl; othersie, set k =
const2. 5 Then perfornms the followng: "if

semib = 00, adds k to bits 3:0 of é%naphore regi ster senreg, truncates the
sumto 4 bits, and stores the resul tyback into bits 10

3:0 of senaphore regi ster senreg, ldaving bits 7:4 unchanged; if semib =
‘01, adds k to bits 7:4 of senaphore‘?egister senreg, trancates the sumto 4

bits, and 15 Y stores the result back into
bits 7:4 of semaphore regiseter genreg, |l eaving bits 3:00 unchanged,;
finally, if semib = =T
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10 or 11, wb's ﬁ% an 8 bit 20 - constant
whose most SI%% icant nibble is zero and whose | east S|gn|fFEHW@5HmBBVe is
k, adds it to senaphore regi ster senreg, truncates the sumto 8 bits, and
25 . stores it back into semaphore register
senreg OP1l is then copied to the result‘b%ﬁfn Error conditions: - none 30
4.5 Video Menory Instructions. RDV16 (12: 10) nensel ,
(9:8)corgsel, (7:4)horgsel, (3:0)vorgsel "Read from.Video Bus In 16 Bit

Mode" QOperation code: - 23 35 Processor: ' VI U- Max.
destinations: 2 Data operands: OP1 - control or data token WO
94/ 25935 o ' - . PCT/ US94/ 04617 103
Par anet er s: mensel - menory select; 3 bit constant corgsel -
conponent origin register select; 2 bit constant 5
horgsel - horizontal originsetect—horiz. origin = horgsel *128 vorgsel -
vertical origin select: vert. origin = vorgsel *128 10 Resul t
type: data token Fu n%:tl ocr.)t:uO) Reads 8 bit unsigned i mage
_ a Qo :
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corrponeW;&9 ified in OPl's 'token d'e-s'c.r'i ptor using two 8 pptrisvslegiflat a
busses jointly 15 _ : sel ected by nensel (2)

and the "line swap" register set corgsel and creates. an -output- data token.

The 8 bit data are sign-extended (wth zeros) to form12 bit, 2's 20

- conpl enment nunbers. The data are read 58%@“\/6 to the -hori zont al and
vertical origins conputed from horgsel gsel and the horizontal and

vertical offset 25 regi ster set sel ected

by corgsel, mensel (200) is outpub 180 the VMSEL(B: @) pins. an VMBEL(2) is

set "high". The outjput Token S defcCri tor |s tne same_as OPI's, |30
except that type is| f SEMAPHGREe | 1" ORER a daPBERONBR itjs data.
bl ocks are ignored.{ See B on 6| f %QDEE@&ﬁiﬂePe eQEPm %IIELQf how t his 35
i nstructi on execut es—kEroF—eoReH4-0RS: AoRe—RBVEHM-
(12: 10) mensel, (9:8)corgsel, (7:4)horgsel, (3:0)vorgsel WO 94/ 25935
PCT/ US94/ 04617 104 "Read from Vi deo Bus U_S| ng Forward Motion Vector In 16
Bit Mde" | OPERAND 1/2 ADDRESS FIELD FORMAT:

7 6 0

TOKEN ADDRESS

— “OPERAND PRESENT" BIT
(1 IF OPERAND EXISTS)

FIG. 3A

53 4948 42 41 35 34 _ 0

SEMAPHORE|RESULT TOKEN| INSTRUCTION | INSTRUCTION BITS
FIELD ADDRESS ADDRESS 39:5

FIG. 3B

71 6160 5453 4746 4039 ' 0

INSTRUCTION

I—_— TOKEN ADDRESS OF OPERAND 2

TOKEN ADDRESS OF OPERAND 1

INSTRUCTION ADDRESS

INSTRUCTION DECODE
ROM OUTPUT

FIG.3C
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Oper at i

24 Processor:

VIU 5
desti- na%%i‘é%%’z Dat a oper ands: . OP1 - control or data(f.rrk‘%“u
Paraneters: : mensel - nenDry select; 3 bit constant corgsel -
conponent origin 10 _ register select; 2 bit
constant horgsel - horizontal or|g|n 5%5@ﬁ5 horiz. origin = horgsel .*128
vorgsel - vertical origin select: vert.
origin = vorgsel *128 Result type: data t oken Functi on..
Reads 8 bit unsigmed i mage copneais specified inmgPl' s token descriptor
using two 8 bit 20 VIdeéo dafa bupses '
jointly sel ected bywamsetiod) and tjhg,,'ldJ r agh 1 gsel and
creates an out pyt %&q&omggsn. The § %A dgﬁé are S|§%i2x %ﬁgs§5 :
(with zeros) tolform 12 hit 2'8s prnhlnngnf nunber's—The Aafa arel f et ched
relative to the forward notion vector extracted fron1sf|eld(43 22) in OP1's
t oken 30 d the horizontal and
vertical origins conputed from horgsel, B&@@%&*QﬁpéAﬁ e horizontal and
vertical offset register set selected

mensel (1: 0)

5756 55

IS output on the VMSEL(1:

50494847 46

40 39

ﬁépcﬁggsand VMBEL(2) is

INSTRUCTION

[———- INSTRUCTION ADDRESS

NUMBER OF DATA BLOCKS -

1 PER OPERAND TOKEN

TOKEN TYPE (0 = CONTROL TOKEN,
1 = DATA TOKEN)

CONTENTS OF .CONFIG 0, CONFIG 1,

AND CONFIG

444342 41

35 34

2 REGISTERS IN DCU

CONTENTS OF FULLFMV AND

FULL BMV REGISTER IN DCU

FiG. 3E

INSTRUCTION BITS 39:5

L— INSTRUCTION ADDRESS

NUMBER OF DATA BLOCKS ~

1IN RESULT TOKEN
RESULT TOKEN TYPE

1 = DATA TOKEN)
FIG. 3F

(0 = CONTROL TOKEN
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_ PCT/ US94/
that type is forced to be "1". If OPl is a data toke, its data blocks are
ignored. See Section 6 for a conplete 5 '

© set "high". The _out put t oken' s déscriptor is the sane as Op
94/ 25933V0 54835 | S’EZ"J;S 185 except -

‘expl anation of how this instruction exe . Error conditions: none
RDV16BW (12:10) nensel, (9: ) gsel, 10

(7:4)horgsel, (3:0)vorgsel "Read fron1V'deo Bus LBlng Backward Mot i on
Vector In 16 Bit Mde" Operation code: . 25 Processor: ~~ VIU 15
Max. destinations: 2 Data operands: OP1 - control or data token

Par anet er s: nmensel - neﬁ%ry select; 3 bit constant corgsel -
conmponent origin 20 regi ster select; 2 bit
constant horgsel - horizontal oﬁigln select: horiz. origin.= horgsel *128
vorgsel - vertical origin sel ecté vert.

origin = vorgsel *128 Result ty .data t oken Functi on
Reads 8 bit unsigned i nage conp e tsiﬁpe0|fied in OPl's

- CONFIGURATION 1
BLOCK 0|BLOCK 1

FIG. 3G

CONFIGURATION 2
BLOCK 0
BLOCK 1

BLOCK 2 {BLOCK 3
le——16 PELS ——!

CONFIGURATION 3
BLOCK 0|BLOCK 1

p——s513d 9t —

SUBSTITUTE SHEET (RULE 26)



- token descri

dat a bus¥@g?

corgsel

and
.35 '

conpl ement nunbers.

vect or

tor usi
Aty
creates

extracted from

ng two 8 bit 30
sel ected by nensel (2) and the
an out put data token.

The data are fetche
WO 94/ 25935

i deo

"l'ine swaﬁCTFSBﬁ@fg .set
The 8 bit data are sign-extended
(with zeros) to form12 bit, -
cékf ative to the backmard nmot i on.

2's

PCT/ US94/ 04617 106 sfi Id(Z; 0) in CPl'sxgegbrlptorghnd t he horlzontal and

verti cal
verti cal

origins conp
of f set

regi set

the VIMSEL(1:0) pins,

hor gsel ,
gﬁ gﬁggelected b

zfmp .‘\/I‘l/S_L(Z) i's set] "h|gh".

oo B

anés t he hori zont al
msel (1:0)
Iﬁe out put . t oken's
he—sane as OP1's
its data
on of how this 15

and 5
is output on

descri ptor i-s—8 —— ; Orra cn
except that|type is fgFebe~fe*pe "1". H—EP+—S5 a data toke,
bl ocks are jgnored. Sge Segtiop 6 r @ etle expl anati
I nstructi onjexecutes. Err@b conditunns-F' re (WRV16
'('12_: 10) mens¢l , (9: ) cor 74)!@[¢”§$$&C)vorgsel 20
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Operation code; _ 26 Processor: VIU Max. desti ' 3461
Par anet ¥fQ94/25935 nemsel - menory select; 3 bit 25 . ?&mgaﬁﬂ%lp
constant corgsel - conponent origin register select; 2 bit .constant horgsel
- horizontal origin select: horiz. origin = horgsel 30 o _
*128 vorgsel - vertical origin select: % . origin = vorgsel *128 Result
type: none Functi on: - “Wites the 8 LSBs fromeach of 35
OPl's data words to the conmponents specified in OPl's token descriptor
using two 8 bit video_datagbugses jointly WO 94/ 25935

PCT/ US94/ 04617 107 @G/@e@/by mensel (2) and the "line swap" register set

corgsel .. The data @re ilten relative to the horizontal and 5
vertical origins conputled tromhorgsel, vorgsel, and_the harizontal and
vertical offset register set|selectedt py corgsel. mensegl (1} 0) |i s output on
the 10 S O Q | -WMBEL(1:0) |pin)s, pnd|VMBEL(2) is
set "high". Unless anjeig@ |S o8 ® s| o '
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det ect eqyoRQneyssput token is created. See Secti on 6 for a c
expl anatl on B%HEOW this 15 %Eﬂ'@%(?ﬁl&n

executes. Error conditions: An error i's detected if  OPL is . not a data
token; in this case, no data are wrltten to menory, and the VIU creates an
out put 20 _ 1q3030ntrol t oken copl ed fromOPl"
descri ptor but whose errflag I s spt to" VWRV16. S

(12: 10)mensel, (9:8)corgsel, 25 7
(7:4)horgsel, (3:0)vorgsel "Wltegto \/d Bus In 16 Bit Mode and Signal

Conpl eti on" QDeration code: . 32 Pr oc sor: VI U 30
Max. destinations: O Paranmeters:q mensel - nenory select; 3 bit
constant corgsel - conponent ogi r:ﬂglmter select; 2 bit constant 35
horgsel - horizontal origin seEe —' | . origin = horgsel *128 WO
94/ 25935 PCT/ US94/ 04617 108
vorgsel - vertical origin sele‘i\ Ve . +r|gi n = vorgsel *128 Result type:
control token Function: o 'WN-es'the 8 LSBs from each of
&1 -2
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5 | | | OPl's data V\ordstothec{}gﬂg
speci fi egv %4/26%13 s token descriptor using two 8 bit video data ussétg17

jointly selected by mensel (2) and the 10

"line swap" register set corgsel. The data are witten- relative to the

hori zontal and vertical origins conputeq1yéepthorgsel vorgsel, and the.
hori zontal and 15 : vertical offset register
set sel ected by corgsel. nmensel (1:0) is output on the VI MSEL(1:0) plns -and
VMBEL(2) is set "high". The instruction result is a 20

control token whose descriptor is copied from OPl, except that 1flag is

forced to be "1". See Section 6 for a conplete explanation of how this 25
i nstruction executes. Error conditions: An error is detected if OP1 is

not a data token; in this case, no data are witten to nenory, and the VIU
creates an output 30 control token copied

from OP1's descriptor but whose errflag is set to "1". RDV32

(12: 10) nensel , (9:8)corgsel, 35 ' : :
(7:4)horgsel, (3:0)vorgsel "Read from Video Bus In 32 Bit Mde" Operation
code: 27 Processor: VI U _

CONTROL TOKEN
52 BITS 44 BITS
CONTROL BITS SCALARDATA | TOKER o
96 BITS
DATATOKEN
TOKEN DESCRIPTOR 1 WORD
VECTOR DATA BLOCK 0 8 WORDS
VECTOR DATA BLOCK 1 8 WORDS
VECTOR DATA BLOCK 2 8 WORDS
VECTOR DATA BLOCK 3 8 WORDS
96 BITS
FIG. 7
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VO 94/ 2

s ' s PCT/ U 1109
Max. deg\?$gﬂ1”§98ﬁs: 2 Data operands: OP1 - control ors.‘gg?gﬁ?%’ﬁg#p
Par anmet er s: - mensel - nenory select; 3 bit constant 5
corgsel - conponent origin register select; 2 bit constant horgsel -
_horizontal origin select: horiz.. origi n1'2=/3‘5)rgsel *128 10 '
vorgsel - vertical origin select: vert. origin = vorgsel *128 Result type:
data t oken Function: - Reads 8 bit unsigned i mage conponents from
t he video bus as 15 specified in OP1's

t oken descriptor using the 32 bit bus node and creates an output data
token. The 8 bit data are sign- extended (with zeros) to form 12 20

bit, 2's conplenment numbersg The data areQread rebative to the horizontal
and vertical origins conputed fromaorgsel ® vorgse®. and the horizontal and
vertical 25 ' - L —offset—register set selected

by corgsel. The nensel paranetlenr i s_output onf the VMBHL(2: 0) pins. The
out put token's descrilgto i's tie gaﬁe ak 1'l|s, g_xce)t_ that{ 30
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Is a datg, t . its data bfoéks are-LQnored. See Section 6 ﬁﬁgﬁlete
%&ﬂéﬁ&?{ow this instructi - ' ﬁ(%fmé‘g .

expl anat on executes. 35 rror -
condi tions: none. RDV32FW ' _ (12: 10) mensel , (9:8)corgsel,
(7:4)horgsel, (3:0)vorgsel WO 94/ 25935 N N _
‘PCT/ US94/ 04617 110 "Read from Vi deo Bus{gpgmg Forward Motion Vector In 32
Bit. Mbde" Operation code: 28 Processor: - VIU 5 Max.
destinations: 2 Data operands: OP1 - control or data token '
Par anet er s: mensel - nenory select; 3 bit constant corgsel -
conponent ori g n*Ip regi ster select; .2 bit
const ant horgseli— hati zpntal orjg|n selpcf: horjz. origin = horgsel *128
vorgsel - vert|i cal oE%gin elect 15 vert.
origin = vorgdel “*{12& Repu|t typk: - pata tpken Function: :
Reads 8 bit unsi gned g nmape| compohepts frpn) the vjdeo bus as specified in
OP1l's token 2Q | descrijptor using the 32 bit
bus node and qredargs an pu pgg dpt p tokep.| The 8| bit §ata are sign-
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extended (with zeros) to form12 bit, 2's conpl enent nunbers. The 25

data areM¥H8%F rel ative to the forward notion vector extraR¢EHSTYHHE7
sfiel d(43:22) in OP1l's token descriptor and the horizontal and vertical
origins conputed from 30 : S ' -horgsel, vorgsel.
and the horizontal and vertical offset ﬁ/@% ter set selected by. corgsel.
The nmensel paraneter is output on the V @2:0) pi ns. The out put 35
token' s descriptor is the sane as OPl's, except that type is forced to be
"1". If OPl is a data token, its data blocks are WO 94/ 25935 :
PCT/ US94/ 04617 111 ignored. See Section 6 for a conpleté explanation of

how this instruction executes. B P condi tions: none 5 RDV32BW
(12:10) mensel , (9:8)corgsel, (7p#rhorgset—t3—0O)vorgsel "Read from Vi deo
Bus Using Backward Motion Vectof |n SRINBEC Mde"| 10 ' Oper ati on
code: 29 Processor: - ——H—U—N‘?x.—-d-esﬁ-nations: 2 Data operands:
OP1 - control or data token : '
QPy 3
IQUANT 0 |
DRU
IDCT
DCU ! DCU
DGATE1 1,1,60H,0 DGATE1 1,1,60H,40H
APU 'INTRAMODE DCU | INTER MODE
CLIP 1,254 - - COPYO
ViU : DCU ]
WRV16.S 0,A,0,0 COPY 1.
DCU 4 ViU 3 DCU v
DGATET1 1,6,80H,80H RDV16FMV 0,B,0,0 COPY O
APU &
FILTER
APU_ | v
| Kl (2]
ADD1
ViU ]
WRV16.S 0,A,0,0
DCU 4
DGATE1 1,6,80H,80H
TIU LAST TOKEN
SNOOP
FIG. 10
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Pararreters mensel - menory select; 3 bit 15 B _
const ant %%Pﬂ@%—ﬂh component origin register select; 2 bit cBREURM/O0HKAT gsel
- horizontal origin select: horiz. origin = horgsel 20 - -
*128 vorgsel - vertical origin select: vert. origin = vorgsel *128 Result
type: : data token Functi on: Reads 8 bit unsigned image 25
conponents fromthe video bus as speC|f|§ﬂ/3pn OP1's token descriptor using
the 32 bit bus node and cré:at es an output data token. The 8 pit data are
sign- 30 extended Hwith zergs) to form12
bit, 2's conpl enent nunbers(é:T data are fe‘f’ rL:L_eI e to ghe backwar d
notion vector extracted fr \dé J OlEfT 35 £ o :
descriptor and the hori zonthig :andf,; rs_tl caI o¢;| d ns %\D%& ed Zram hor gsel ,
vorgsel. and the horizont a%a Fc\,al of f®e .

PCT/ US94/ 04617 112 regi stei 9 s ed by gor.l.gselc3 S rrenSeQ par amet er

i's output on the VI\/ISEL(Z 0R glas ﬁ'@é‘% out puti=t ﬁ(gp'é dg%:rl pEds is the sane
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_ CPl' S, except t hat type is forced to be

L0 f @194{25593& dat a token, its data bl ocks are ignored. S@&T@t‘fodﬂ 6 for
conpl et e expl anat i on .of how this 10 ,

Anstruction executes. Error conditions: none WRV32 _

(12: 10) mensel , - (9: 8)corgsel, (7: 4)horgs?gv;3 3:0)vorgsel 15

"Wite to Video Bus In 32 Bit Mode" n code 2A Processor

VIU Max. destinations: O Data operands ‘data token 20

Par anet er s: mensel - nennry select; 3 b|t constant corgsel -
conponent origin registe&n§€Ie@t' 2 bit constant Horgsel - horizontal
origin 25 :>Z 4 select:{ horiz. origin = horgsel
*128 vorgsel - vertical qugln”se ect: ver®. origijn = vorgsel *128 Result
type: none 30 73> Functi o 2 Wites the 8 LSBs

fromeach of OPl's data mms to [ he appEopri ate donponents on the video
bus as specified in CPI'&u@pken descriptS& usi ng tlhe 32 bit 35

- bus npde. The data are idten relative to the hdrizontal and verti cal
origins conputed fromhorgsal, vofgsel, and the o :
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no output token is created. See Section 6 for a conplete
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vorgsel - verfical origin select: vert. origin = vorgsel *128 Result type:.
contr ol ngl?%ﬁ',%é!%a Functi on: Wites thPE/USHHHITom
each of OPl's data words to the approprlate conmponents. on the vi deo bus as
specified in OP1's WD 94/ 25935 '

PCT/ US94/ 04617 114 token descri ptor USIOng 32 bit bus node. The data are
witten relative to the horizontal and i“cal origins computed fromb5
horgsel, vorgsel, and the horizontal and vertical offset register set

sel ected by corgsel. The nensel paraneter is output on the VI MSEL(2:0)

pins. The 10 - : instruction result is a
control token whose descriptor is copied from OPl, except that |Iflag .is
forced to be "1". See Section 6 for a conplete explanation of how 15

this instruction executes. Error conditions: An error.is detected if OP1
IS not a data token; in this case, no data-are witten to nenory, and the
VIU creates an output 20 control token

copied fromOPl's descriptor but whose errflag S set to "1".
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4.6 Hosyolesessskace Instructions 25 ~ RUNENC " Run pERRBSS04617

Oper ati on code: " 2B Processor: - RPU Max. destinations: 0 30
Dat a operands:’ OP1 - data token Paraneters: none Result type:
none Functi on: _ The data in OP1l are zig-zagged and run-coded and
t hen prefixed 35 ' - 19/30 with data fromOPl's

t oken descriptor; these data are then packed and witten into OQUTFIFO in

t he host interface unqnt)_as V\Og4/ 2593@ %) _
PCT/ US94/ 04617 115 deg |bedC°| n Sgctiop R énl ess an error is detected, no
result token is outpu;J::Errom; Qonﬂltloﬁ@s’; OAn error is detected if OP1l is

5 Q o notmagiaﬁa token; in this case, no data
are run Iength encode@lgand ghﬁ Rguacr s<an out put control token copied
from OPl's descri ptor®lt whdsé: er & t<10
is set to "1". RUNENGZH" RunOEr&o e @ gu_al Conpl eti on" Qperation code:
2C 15 ProgeZSQ =9 8 8 ErRO '
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Max. deﬁbiﬁﬁg;ﬁns: 3 Data operands: ' ' OPI - data tokel}%s@gﬁgﬁgs:
none Result type: control token 20 : Function: _
The data in OPl are zig-zagged and run-coded and then prefixed with data

-~ fromOPl's token.descriptor; these data are then packed and witten into

OUTFI FO 25 20/?0- in the host interface unit as
described in Section 7. The descriptor of the result token is copied from
OP1l, except that- Iflag is set to "1". 30 . Error conditions: | f
OPl is not a data token, eryilTag IS set |to "1" in the output control
token's descriptor, and nofrun |ength encoding is perforned. 35 RUNDEC "Run
Decode" Operation code: N 2D gk WO 94/ 25935
PCT/ US94/ 04617 116 ProcesTor: - RPU Max. destinations: 3 Data
oper ands: none Parjaneterq: none {5 R Resul t type:
data token Function: < | Ardncoded, zig-zag ordered data
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stream from i nput
run-dec ~o-form a data 10
described in Section 7. Error

rate buffer (INFI FO) -

condi tions: -

i's i nverse zig-zagged and

PCT’[{SB‘&’MIAS

64 sero and non-zero values is detected during run | ength decodi ng,

control token having 15
set to "1"
undefi ned. SNOOP 20

Qper ati on code: 2E Processor:

is returned as the result

TIU Max. destinations:

If a data block with nore than

a

: its errflag bit
é%hgyjblts in the token are
"Snoop Token from Program Dat af | ow'

0

none Functi on:

t he

kK Token

Par anet er s: none 25 n?é:::gﬁ Resul t type:
OP1 is copied int Tok Pasgi ng BHT KN _@&DY]nspection by
host processor 'Ahégg%épg%if f 10 ontry 1130
TPBSEL = 3|and TPBFULL = 0. ErroNSCORE/TTONSIgET
i nto Program Dat af | ow" WO 94/ '
. PCT/ US94/ 04617 117 QOperation cpde: Processor: "TIU
' : CONTROLLER
ERROR=10R SELECT
OTKN_RDY =1
[SET REQ] [SET BUSY]
REQ REC
NO
BUS HDR
ST PAC_LD ST
PAC_LD ERROR OR
[SET PAC_RDY] CONTROL TOKEN
NST GRANT MAX_COUNT BLOCK
ST = ST
GRANT MAX_COUNT
[SET DATA_RDY]
CHECK
ERROR
ST
ERR_DET =1
ERR_DET=0
NOT '
MAX_COUNT
FIG. 16
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Max. d i bns: 3 Data operands: - none 5 IR S:
none F;§E#¥a%?%£:, control or data token. as deterninégzgggthe B
contents of the Token Passing Buffer (TPB) in the TIU 10 . '
Function: . The contents of the TPB are copied into the program s
datafl ow as a control or data token as B3y nm ned by the nost significant
bit of TPB(0). This 15 instruction fires
only if TPBSEL = 2, TPBFULL = 1, and TPBADR contai ns the address of the
SNEAK i nstruction. Error conditions: none 20 25 WO 94/ 25935.

PCT/ US94/ 0461 118 WHAT IS CLAIMED I'S: 1. An inage conpression coprocessor
i ntegrated ora~si ngl e sem conductor chip conprising: 5 contro
unit neans for operafing said coprocessor in accordance with a stored
program an internaltbus coupled to sat d control unit neans; and a

plurality of special/purpose processi ig neans, each 10 coupled to
said bus, fpr perfprmrg a subjsetyof a group of steps in an.image
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Is

2

sbecilreﬁhgggggg%pg

har dwar e.

stored programis a data flow program and said contro
transfers instructions and data tokens
pur pose processi ng neans over
of claim 3 wherein each of said data tokens includes from one
5. The i mge

coprocessor

to a 25 plurality of blocks of data or data vectors.

sai

5%/38,,

d bus. e i

ressi on coprocessor of claiml wherein e
cessing neans have 15 different
3. The inmmage conpressi on coprocessor of claim21 wherein said
unit -nmeans

said plurality of special

mage conpression

,'spécia?ﬁgﬂﬁ%%ggkgz

conpressi on coprocessor of claim4 wierein each of said data tokens further
i ncl udes a token descri ptor i&bntnf%@ng sai d token as a daua token and 30
i ndi cating the nunbes of bl data httached. 6. The uﬂage conpr essi on
coprocessor of clalﬁ¥3\mhere|n sald instfuctions are transferred to said
plurality of processing nmegn S separatTLy—i44nn4k£1}4mL~,ontroI 35
signals for said processing [he i mage ¢onpression coprogessor of:
claim3 wherein-a pIuraIgsy pcpssi ng nmgans i ncl ude: ND
94/ 25935 PCT/ US94/ 04617 {119
instruction register means, spi d bus, |for holding one pf said
i nstructions; buffer neans, spi d bus, [for hol dang sai df at | east
one of said data tokens; 5 ) pfocessing | ogi c nBans, colpled to
said buffer neans and said insttqu on register preans, fop perforfng said
subset of steps; and state macﬁhe‘—ﬁeans; coupled to sai%:lg nstrucfion
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register s.and said buffer neans, for controlling the 1
in?erfaéY&gggfnéaid instruction register and buffer 3ﬁth-sa?STGG?V° }7The
i mage conpressi on coprocessor of claim3 further conprising: 15

a host interface port for coupling to a master host processor; run |ength
processor neans, connected between said;ﬁyﬁgrnd said host interface port,
for converting data between said token fo and a run length format for

20 comuni cating with said master host processor. 9. The image
conpressi on coprocessor of claim3 further conprising: a host interface
port for coupling to a master host 25 processor; and token interface

means, "coupl ed between said bus and said host interface port, for allow.ng
said host processor to insert tokens directly and to vi ew tokens on said
bus. 30 10. The i mage -conpression coprocessor of claiml
further comprising: a vid&p interface for coupling said bus to externa
video nenory; ang a proce%ior interface for coupling said bus to an 35
external host prgpegsor. . The inmage conpression coprocessor of claiml
wherein said control unit |neans further conprises bus = WD 94/25935

PCT/ US94/ 04617 120 arbitrJtion means, coupled to said bus, for arbitrating
use of said gus bet weer—sa-d—econtrot—trtt—feans and said plurality of
processi ng neahs.

r y g;" cce
o
3o v | §] B, |§| .88
< swz | | 29 NI
a T 5, O
o | <€ o ®)
(] Z 5 miE=O 0 O £00
© SE (| g0Z = - o
= Tz o 2 = <0
Q = N =
N 9 8
¥ 19))
e
w .
o,k
o = )
Qg9 < X w
Qo uw 4 n<-
= © & =
8 F Y g b
N
)
/
i :
Z= [
°< 2|2 Z
(] o (lu|= 4
2 | T a
(] >
AN yy 8;};4
|
e,
O
-
O]

SUBSTITUTE SHEET (RULE 26)



-y - .
Ll! o 94r2593¢- The image conpression coprocessor of cl akg)lrélswgmj,n
“Sai d coﬁYroI'unlt means contains an instruction nenory for holdi'hg at | east
first and second prograns | oaded from an external host, and neans. for
causing the execution of instructions fromsaid first programprior to.
conpletion of 10 said second program g%?sdre i mage. conpr essi on :
coprocessor of claim1 further conprisimg ah auxiliary unit means, coupled
bet ween said gl obal bus and an auxiliary interface, for coupling an 15
external auxiliary processor to said global bus. 14. The inage conpression
coprocessor of claim3 further conprising: a semaphore register coupled to
said control unit 20 nmeans; a plurality of semaphore instructions in
said data flow program for nodifying a count in said semaphore register
upon the accessing of a data token, testing a semaphore value in said
semaphore regi ster and preventing 25 a new data token from being
accessed if said semaphore val ue exceeds a maxi num val ue, and nodi fying
sai d count upon a data token |eaving said control unit. 15. The inmmge
conpressi on coprocessor of claim14 30 wherein a first semaphore
instruction tests and decrenents said count before each instruction
requiring a data token, and a second semaphore instruction increnents said
count after each data token | eaves said control unit. 35 16.
The i mage conpressi on coprocessor of claim3 further conprising: a -
semaphore regi ster coupled to said control unit nean®p?? WO 94/ 25935

PCT/ US94/ 04617 2110 —

TP RAM
392X 12 7

“— HOST DATA[15:0]

GB_DATA[95:0] ~—+ 21{2
| HOST_US_
CLK HOST_CS_
RSTALL HOST_WE_
GB_GRANT TP_CL HOST_OE_
PROC_PAC_LD —— HOST_ADDR
PROC_PAC_RDY ~——
GB_DATA_RDY
GB_REG
BUSY ~——

FIG. 20
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a pl ur afyig94/8b33 nstructions in said data flow program-havi grausaniasal
field with a nunber; and neans for conparing . said nunber in said control
field in an instruction with a count in said semaphore register 5 ~and
passing said instruction through said control unit neans for processing
when sai d nunber matches said count. 1PD@/Bfe i mage conpressi on coprocessor
of claim 16 wherein said nunber in said control field'is one nunber in a 10
sequence, and further conprising nmeans for nodifying said cognt in said
semaphore regi ster such that only one instruction is allowed&o pass at a
time. 18. The coprocessor of claim3 wherein said control 15Zyajtlf7
conprises: an jnternal bus interface coupled to said integhaﬂjﬁhgggan
enabl ed i nstr3ict fon gfrue neans, ,coupled to said internal Gbu Fh@etface,

for holding imistuctioms to be 20 ~ transferredg o sald §pg¢£pL'purpose
processing mgdnsy a dif a t oken @nory coupled to salg intgrn& Shaso |
interface; arfdl updateunit neanss coupled to said efabl ed™ nst =€t Pon queue

means, for prbviding ifnstructiofy to 25 - said dnabl-ed_instfuction
~ queue neans. 9. |The doprocessor| of claim 18 wherein said update¢ unit neans
conprises: fifst {meang for deterjmining if an instr ionis jn 30
sai d enabl ed | nstjructijon queue neans; second means flor deterpining if data
t okens associfated with said instjruction are in saidgdata-token fenory;
third neans fpr determining if & one of said speci aI| 35 pur pose
processi ng nmeans |requijred by saijd instruction is bugy;
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nmeans flﬂ\fom@ﬁﬂﬁdl ng said instruction to said enabl ed i nst r uBt Ty ‘H?ﬁﬂj’e
means .responsive to said first, second and third neans for deternmining. 5
20. The coprocessor of claim 18 fuit her conprising: fourth neans for
determning if said enabled instruction- e neans is full. 21. The .
coprocessor of claim 18 wherein said u 10 unit neans further
conprises: a semaphore register; and neans, coupled to said senmaphore
register, for nmodi®ying a count in said semaphore register upon accessing a
data token in sai dndata token nenory, testing 15 a semaphore value in
sai d semaphore regffster and prevenpiong a new data token from bei ng accessed
if said semaphore aI ue exceeds a aﬁl mum v,aJ ue and nodi fyihg said count
upon a data token Reaving said co ucglt R2. The
coprocessor of cl auum 3 ¥urther in uzll ngo E rst regi stewm, wHerein said
program i ncl udes ECRT N instru 8n vﬁl cg can be exec%ed{,‘)onl y once in
sai d program sai d;CRTCKEN instructi on being allowed to execute only if
said first regist hasja first val spi d |CRTOKEN i nstrjuct|{on 25 causing
said first regist to assune said |rst vallue after execlutipn, said

coprocessor i nckHaeHag—r éset means—for—chpngimgsard—fmnrst| regi ster to ot her
than said first yal
I

al up. 23. The| coprocesspr qf cf ai m 3 (furithef conprising:
30 - &bIBek al | ocat | on nenory ™t

stiori ng bl oclks of data for

10
sai d data tokem — ke® addrpss nmenorly & $tjoring gointers to said
bl ocks of nemar Y L ¢achoR sai d| poi NS c?r%e;p ndi ng [to jJa data token; and
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control neans, coupled to said token addres
-|n@M@2ﬂ¥ﬁk’of data from one data token t o anot her dat
.. @odi fying said pointers. 123 24. The coprocessor of claim23 further
*Tonprising a header nmenory for storing descriptors for said data tokens,.
sai d token address nenory storing poi nt o both a descriptor in said
header nenory and a bl ock of data in s ock 5 allocation menory for
each data token. 25. The coprocessor of claim19 further conprising fourth
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IMAGE COMPRESSION CORPOCESSOR WITH DATE FLOW
CONTROL AND MULTIPLE PROCESSING UNITS

Abstract

. The present invention provides ‘an image
compression/decompression (410) which is integrated on a single
chip.  The control bus has a control unit (418) which is
connected by an internal, global bus (416) to a number of
different, special purpose processing units (414,420, 422, 426
and 428). Each of the processing units is specifically
designed to handle only certain steps in compresison and
decompression processes.

[ Figure 2 ]
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