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PROCESSI NG Cl RCUI T AND METHOD FOR VARI ABLE- LENGTH CODI NG AND DECODI NG
Technical Field: 5 The invention relates generally to

processi ngWQPEI#Bs and techni ques, and nore particularly toP§TB~%@8’é‘§5§P ng

circuit and nPROCESSING'ECIRCQUIRAIND |MBUHD&WRQIRRHABDEOUEN£GTH clebmeuch
as video data. Background of the Invention: Vari abl e-1 engt h codes

are used to encode nmany types of dat%Nq:gﬁceQQlﬁiﬁe t he popul ar bl ock-based
Motion Picture Experts G oup (MPEG video conpression standard encodes
video data as variable-length synbols for transm ssion or storage. In

addi ti onTepRM¢atFeRE of variable-length codes, such as Huffman codes, are

| ossl ess. 15 Typi cal Iy, vari abl e-1engt h encoded data is transmitted
seri dl | y. Theifbedmegntianereiaten geneszlbnto imagsppranessingicisriitsdand) taghniques, dat a

are rel ativel 0 conpare t can

Cr anm ¢ BB8 e A etaNg 18 Ao REeS AR et Meibd sbr B oEBnis-tength
transm sgh@g érﬁf@rﬁ’éddlﬁ% o%ﬁtéjgﬁét%andédTE ta.Circuit hardware has been
devel oped to“process suth data. That is, e architecture of 20 such
hardware is configured to efficiently i rrpl enent the variable-length

decodi ng or ,encodj n process A problemw th such hardware, however, is
s

that it |B>a°f‘9fﬂ Phthadayeffial’s or a specific type of variable-Iength code.
Th
erghore, bfe %@tlﬂ’%ﬁ/gg% %Irne%?ﬂ%@nc@ﬁ%%ﬁnﬂ%@ﬁ?@é@' nngI‘t&dé}Hé ype

of varlable Ien t Iclrent or una 0 encode or

dat a accdingl pogulao bioukt-based MotionfPicture dxperts2Groue (MPEG)oddeo mmmsmohl t
streans such as sone MPEG bit streans include bit segnents that are
respect i PEARAEH @pgedes vidaaidala apvaniableriength,symaslsdor tirgsmissior or storage.

desi gnod 0 EOTERY, BbVYREE o xHEER BHEkn EBGet it MUt EbMeR B ry 1

code. Unfiesdlesmt el v, th| s often increases the size, corrpl exity, and cost of
t he decodi ng hardwar e. Anot her alternative is to programa

procé8sor to pemicaiy va@ablgrleaetheemm@mdamsdra@mlmedm@lmg efose othe,
for bit %Hn%%‘i&sﬂﬁl %%e%oﬁ, élqdm?je%o&n\éaé chh data are relatively time consuming as

compared with data that can be transmitted, received, or decoded in paraliel.
To decrease the transmission, reception, and decoding times, circuit

hardware has been developed to process such data. That is, the architecture of

20  such hardware is configured to efficiently implement the variable-length decbding or
encoding process. A problem with such hardware, however, is that it is typically
designed for a specific type of variable-length code. Therefore, hardware designed
to encode or decode data according to one type of variable-length code may be
inefficient or unable to encode or decode data according to another type of variable-

25 length code. But many bit streams such as some MPEG bit streams include bit
segments that are respectively encoded according to different variable-length codes.
Therefore, decoding hardware often must include multiple circuits each designed to
decode bit segments according to a respective variable-length code. Unfortunately,
this often increases the size, complexity, and cost of the decoding hardware.

30 Another alternative is to program a processor to perform the variable-length

encoding or decoding. Therefore, for bit streams using more than one variable-
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PCTI US99/ 14560- | ength code, one can change the processor software "on the
fly," and thus performall of the encoding or decoding with a single
processor. WOPY6MWBBhat el y, because the architectures of nost EBECFEEHIYE4560-ar e

ocesson: oy ! .
not opti [Ergedl cbae, ¥neé icah chalhgeqha &Béé’égd?%o%éié@gﬁ't@gélxg:éﬁg t@gg;%%m are

relativel ?/ sl ow when vari abl -1 ength encodi ng or
Ther ef or &ll of the gneeding atidecoding wih & sipglesprisicessan. dnfortumatelg sisecausethe

I abl e- d de d ' eal finme. S RY OF THE
LR T PN TTEONE T3 N
process anéQdiangbéW 9500%3%8% BRd regéﬁ%%?‘? §ldWWﬁ%thar%¢e-l§@éH%§§Pﬁ@g r

i nstruction bu r and a getbits processing engi he coup cent ral
pr oce®si Ageading. datac Therelone dt soofteradifieult seithpassibie ddesuth protessors to

vari abl e- | enﬁ}tﬁg Séﬂj[)ol S or tgﬁdoigoge vari abl e-1ength synbols such as those
found i nVaH2REENEIN €p¢ " §8F00% 8RR BISOHMSchemes such as Huf f man
encodi ng use variable length 15 codes (VLCs). Video conpression standards
such as MPEG use VLCs; for exanple, the follow ng are | egal MPEG codes:
‘00" '01' '10, 20 " 11ISUMMARYOQFOPHEJSIVENTDIONOOL" I n a stream of

t hese types of s¥‘nbol S, tE(T_| second synbol in the stream cannot be decoded
until the | end®RNERPRSSERRNEWVENtIPoREA VaFiableriengtivancodeidecode prodassor ent | y

ser 18 PURIGSES B eifIeRiiy GYE N R A Pufllaf ROHERSE 5T oo
pr oces soprocessing sngineneduplédite tHe eéntral'prbie £SiAE ©HROBUCh @prRRasesr dsrbsat ed
used to encode data as variable-length symbols or to decode variable-length

symbols such as those found in an MPEG bitstream.

Data compression schemes such as Huffman encoding use variable length

15 codes (VLCs). Video compression standards such as MPEG use VLCs: for
example, the following are legal MPEG codes:

‘00’

‘01"

Q'

20 “110°

‘000000000000000000000001°

In a stream of these types of symbols, the second symbol in the stream
cannot be decoded until the length and semantics of the first is known. This is
an inherently serial process that can be efficiently performed by a dedicated

25 small programmable engine.

For this reason, a video processor such as the Map1000 processor
benefits from inclusion of a “VLx processor”, an engine dedicated to the
processing needs of variable-length data such as that within an MPEG stream.
The VLx processor allows flexibility in the processing of incoming bitstreams and

30 in how that information about that bitstream is relayed back to the Map1000.

Efficient processing has been achieved by designing the hardware to minimize
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processi ng needs of variable-length data such as that within an MPEG
stream The VLx processor allows flexibility in the processing of incom ng
in how that information about that bitstgepgsdonsssd ayed

bitstrea 3% §g

back to 'h8 / 000. Efficient,prpcessi has, been achi eved by desi gni ng
D B dophe i ArarsanS NereRS R TE i e PSR S HA S b v

PCT/ Usg%ﬁﬁégged sef bf tfks) oops in processing variable length data and to
save nenory by using a conpressed set of tables. The general design intent

was to fulfiTiHe gémerfadidesigminteriwas dodutfil the fdiowing aetiiganigaftsni ti on
Tel evision (HDTV) MPEG streamat 5 19. 4MBi ts/sec into an 8MBit

Vi deo Buf f eri NnHaNEld &iMigh(DENNItIBHTTelevistortH BDTANEMPRG Mtetmenef ficients to
di splay HDTV at MP@WL resol utions * Sinultaneously handl e encodi ng and
dec®di ng of Mal9.4MBitsisecdntavan BMBitd/idenrRamifgring veafifieriyBV) buffer. For a
task such as the decoding of HDTV MPEG streans, the VLx processor m ght

per form t he f odedrae d¥BRfatel NEfidichteto BRpRsy MDTVIVPEMD t hat it

executes: * Preprocess an MPEG streamto build structures t%at define the
content of therasolebomngs * Decode Discrete Cosine Transform ( DCT)
coefficients * Create an MPEG stream The VLx processor is fed bitstreans by

Map1000 t asks Simaianebusithammilie endoding apdodessdidgtaf Maat Profile! aickdin n t he
Coprocessor Menory Bank, or it can take input bitstreans through 1/0

channel s that he¥ek@AP@MLASINAM®DOO Data 20 Streamer unit. The resul tant
I nformation, decimated bitstreans, or newy constructed

10 ¢ For a task such as the decoding of HDTV MPEG streams, the VLx
processor might perform the following types of activities based on the
program that it executes:

e Preprocess an MPEG stream to build structures that define the content

of the stream
16 o Decode Discrete Cosine Transform (DCT) coefficients

o Create an MPEG stream

The VLx processor is fed bitstreams by Map1000 tasks in one of two
ways. [t can process data that is placed in the Coprocessor Memory Bank, or it
can take input bitstreams through I/O channels that are fed by the Map1000 Data

20  Streamer unit. '

The resultant information, decimated bitstreams, or newly constructed
streams are transferred back to the MAP1000 through memory transfers or as
1/O output bitstreams.

The VLx processor consists of a simple processing engine, a set of

25 dedicated registers, a GetBits engine for handling bitstreams and 1/0
interactions, optimized access to the FFB for Coprocessor Memory 1 (CM1)

access and a way to issue a DsContinue() operation to the Data Streamer.
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streans are transferred back to the MAP1000 t hrough nenory transfers or as
I /O output bitstreans. The VLX processor consists of a sinple processing
engine, a set of 25 dedicated registers, a GetBits engine for_handli ng
bi t st reans ¥N¥/TBB i nteractions, optim zed access to the FFBFEUSI14560 .
Coprocessor Menory | ( GRIERDESGRIFHON QF THE DRAWINGS: Cont i nue(

PCT! Usoo) 14540°0T i PR BRPE S ST dRRREEE Gl titineiutedacy,
di agr amvairiablevistigth phoodssdechdarrotésddraicdonging 46 anfempbd b s draRgt h

encoder/ decoder processor according to an enbodinent of the invention. 5
Fi gure 2nYentPrs| ock di agram of the vari abl e-1 ength decoder/encoder

01 "cRo. 1 nventTBATE Bl AHIERP BechaFLAl (R R R R e el g peasor

revol ut igfFigadecs ahdl gbrivhérall dirdutfy Besbrdimicias ebibctindent BF tr?éiﬁ'\k/eati&ﬁ’. and

vi deo becone digital, the need for the acquisition, processing, display,
storage, and comuni cati ons of such nedia data has spurred rapid technol ogy

appl 1 Cat 1 ons have bec i ADEH B oA R THE VERIION gt honea

Wi th i nprovi ngs e9s bignal f@d@%ﬁtdk%%img_angélfﬂrm‘éid*‘?ﬁ?dﬂ% ﬁlhgﬁag.xdio,

tel econferenci ng, nmachine 15 vision, digital caneras/cantorders
medil@al anthyideg becorse digital, thecteeckdamphe acquisitipn, processiten disptayitstotage,
al gorithns,and their, . fast %@{ement tiogs are sone of the core enabling

t echnol dYi%EOMBPURIGRIPNSO megia data-has epurred Karigtechnalogydeysionment. |

omer t | BP ARG b ERRIROACLE Emdifiy fcHnbfaiks HHln ALR bhAfkANENE nicE"
consurerlsecdrte pBissible ahd texiatingsaysmiicatiods ctenytinddewith imgesingf such

syst ens req}u rrF hi %h . - . .
cost/pertormance ratios. Digital video, desktop video teleconferencing, machine

15 vision, digital cameras/camcorders and medical imaging are several such examples.
Image and video computing algorithms and their fast implementations are some of
the core enabling technologies for such applications. Because of the vast market
potential, consumer products employing real-time digital video computing have been
generating a great deal of excitement among both manufacturers and consumers.

20 The real-time aspect and consumer-level focus of such systems require high
computational power at very low cost and optimal implementations of key
algarithms. In prototyping and designing these systems, a programmable approach
provides flexibility and adaptability to new applications and changing requirements,
which is a definite advantage over specialized hardwired solutions.

25 Figure 1 is a block diagram of a media processor 10 that includes a Fixed
Function Block (FFB) 11 and a variable-length coder/decoder (VLx) processor 12
according to an embodiment of the invention. in one embodiment, the processor 10
is a MAP 1000 processor produced by Equator Technologies of Seattle,
Washington. Because many billions of operations per second are needed to

30 perform media processing in real time there has been great demand for processors

capable of much higher computational power than previously available. The MAP
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conput ati onal power at very |ow cost and optimal inplenentations of key
algorithns. In prototyping and designing these systens, a progranmabl e

approach 2 Il6q§8§ flexibility and adaptability to new appli f;érrth@lgggl_
R & kW RN B e

har dwi r

proces Sl%enl@eéi?ﬁéd ko ehasteRie demarfiingeofid A8 rBhQr&mehtPdf dibitanfhedia

vari abl e-1 ength coder/decoder (VLX) processor 12 -according to an enbodi nent
of the progessingincludinghe enbodi nent, the processor 10 is a MAP 1000

processor produced,by, Eq Technpl ogi es, of Seatt.le hi on. Because
Ty b 11 i ot Siosaas SRE2 STEin daR st \iiSo popest Heba
progessi ng in neabaliddy EbSfeferitdfg Peen great demand for processors capable
of much hi gher conputational power than previously available. The MAP 4

SUBSTI TUTE SHEHIgi{aRaudi® 6pmpressin .4 z8ednel AC3 and MPEG2 encoding and
PCTI US99/ 14560., 1000, a revolutionary new | ow cost progranmabl e single-chip
sol uti on whi ch 9¢899K¥%kn designed to meet the demandi ng conpute requirenents

decoding. v Ged GEEG AT YBBINE Exgert Glo (JPERFPanicig s o Mo 2N
conf er enci ng * dﬁo@idl@,vmuﬁl@tmo,aﬁsi on: 5.1 channel AC3 and MPEQR2

encodi ng and decodi ng * inmaging: Joint Photographic Experts Goup (JPEG
encl¥ti ng and®de¥d@raRNiCkavel et transfornms 10 a 3D graphics: * 2D

graphics . tel %%pg ﬁicgi gital audio synthesis * digital audio
spatialization P

» telephony
o digital audio synthesis
+ digital audio spatialization
15 The high degree of computational power available on the MAP 1000 makes it
one of the most powerful processors in the world today. The MAP 1000 uses on-
chip parallelism via a technique known as instruction-level parallelism to achieve
such high computation rates. Instruction-level parallelism allows for multiple Central
Processing Unit (CPU) operations to be initiated in a single clock cycle. This is done
20 by having multiple on-chip execution units and/or by partitioning a particular
execution unit into multiple smaller units (e.g., a 84-bit Arithmetic Logic Unit (ALU) is
split into eight 8-bit ALUs).
The construction or interpretation of media bitstreams such as those used
in the MPEG, JPEG, or Dolby AC3 however, is an inherently sequential process.
25 Each symbol or structure within the bitstream takes its interpretation from the
symbols that have preceded it. And the length of each symbol is either known a
priori based on context or is encoded as a length value within the bitstream
preceding the symbol value itself. This means that all of the parallelism of the

MAP 1000 would go wasted when performing media bitstream encoding or
30 decoding.

SUBSTITUTE SHEET (RULE 26)



15 The hi gh degree of conputational power avail able on the MAP 1000
makes it one of the nost powerful processors in the world today. The MAP
1000 uses on- chip parallelismvia a techni que known as instruction-|evel
paral | el i sSHQ ¥/68% eve such hi gh conputation rates. |nstruct PFERUSEYASEO -

par al | el i sm aF bongke the encodisigcoCdacedingrobmeskia bifstieamsg CRsfly oprreat i ons to

be initiated i,n~a single .cl ack, cycle., This is..done 20 having nmul tiple
on-chi p %ﬁ'&@ﬂti Eﬁuah?'?te%h{b&%'e%hfb%f*ﬁ"?hﬁﬁqiﬁ‘ea'fﬁ%fﬁteaﬁé Xg SO uni t
i nt o nul i ; i J ' |t ' ' ' L IS
split i n‘?vgméf'gsﬁ?@ bﬁ]éctj kJ\’,g\tl_ﬁlb'z)ﬂﬁ@'llwﬁ;aep g?ﬁ?%&eﬁ%ﬁqp%{sg%%g?%ﬁ;a& rrgzji a
bi t st r eaptocsssingef Maps8008'sccare the ThieBEd. x pressor THidyediCatddtetes, is

i t | tial pr, : Each synbo] or ture within th
b1 t st eaRTAcassHIg NEoHR L VBFBPIRTSNOth AR SHOR G R BaALWItRI & MEodasleeamod | ¢
And th L _eidher: i Qr e .Cont

e encoaolEaily Bfociiser MoRBws ekl iniB toBeBim o1 HRRRHndBIEHRARI ©
val ue it antifin How thatdaforntation aboubthatitdtspayamh iskélayedibddictoie dore01avey! d

Susr e U AR08 5 Raglng boa e achevic by desighing ihe
PCT/ US99 S el iR ' i ng.. ' '
vast 'y mbrorers i Qg ool (BEs  BpesSSRL URigbedBlat Alts ROEJRE <

VLX 10 oceasemddorybyalsing adtsppsesed 56t 6f tdiedBp 1000 processor 10, to
suppl ement paral | el processi gg of Map 1000's core 14. The VLXx processor 12

i s dedi cated tlhet\ex processor ¢4 ds thisnessentially aal6-bitl sequenyighRIBCa such as

that wthi; ' ) VI rocessor, 12 allows flexibil.ity ing,the

processi Eﬂd&gi r?‘ﬁ%&%’ﬁ&d{%’?‘g@}@?ﬁ@ﬁﬁ”r?ﬁ oUPIPHYAN L’préfﬁ‘agi (ﬁy ‘_AﬂBEtth?R/ X

bi t st reamntﬁers@q@)éﬂﬂabﬁpbamw%B@cﬁﬁﬁﬁxs}ﬂwé’ atdng| dERLID frEE RS Fislore

processi ng has been achi eved by designing the hardware to mnimze critical

| oops i nPpriisd sedagfficientibard conguiredtly withrtiet\iLx processor 12. Because the

15 VLx processor 12 is completely programmable, it can be used for other bit-serial

conditional tasks such as the acceleration of Viterbi, Reed-Solomon, or JBIG
processing. The VLx processor 12 is integrated with the rest of the MAP 1000 on- -
chip circuits as illustrated in Figure 1.

In one embodiment, the VLx processor 12 is designed meet the following
20 requirements:

+» Handle HDTV MPEG stream at 19.4MBits/sec into an 8MBit VBV
(buffer).

* Generate decimated coefficients to displéy HDTV at MP@ML
resolutions.

25 Figure 2 is a block diagram of the VLx processor 12 of Figure 1 and portions
of the FFU 11 of Figure 1 according to an embodiment of the invention. The VLx
processor 12 includes a 16-bit CPU 16 and a GetBits (GB) processing engine 18,
which communicates with the CPU 16 and which also functions as an input/output
(1/O) device. The CPU 16 and GB engine 18 have access to a register file 20, which

30 includes 32 general-purpose registers. The FFB 11 includes a coprocessor memory

bank 1 (CM1), which the CPU 16 can access for both instruction prefetch operations
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10 save nenory by using a conpressed set of tables. The VLXx processor 12
Is thus essentially a 16-bit sequential RI SC m croprocessor with many

speci al featg & to help with bit parsing. By using the VLxp&prsbdiuseo -
sequentia\v%{s- 3rsing,a| orithng, the parallel core 14 is?reeto run nore
par al | @ndclgad/séere; paratieys.adheBR&nairBycan peath srNSUME gheRredyce data
Becaus processor 12 is conpletely programmable, it can be used
for ot E’eﬁgﬁillﬁgléér/?g[ conditional tasks such as the acceleration of Viterbi,

Reed- Sol onprTheoCP1BI & aperatesvmthe IDeeyisters v ties segiste? files20navdtissssl Wi th
the rest of the MAP 1000 on- chip circuits as illustrated in Figure 1. In
one entfBaisterst althorgh/net phowadrndjvidually in Figurg 2. @radaheled 0+ 4B oW fithese

(bubr 32 Rsters, 10 £r) 1T TEOH £aM:Cta dhartiRacbsaBld B fhehaliipls. Y
resol utfpang2, &k special taﬁéqjib@egsii;% THielre @ife iROvitiabiedifterddisdisaessor 12

of Figure 1 and portions of the U1l of Figure 1 according to an
enbodi rkglowpwhictesharesaddreasingronts withrbobthegeneral-pyrpasesregistersoi0-racPU 16

2nd whi ChFSe ghR R rs At R P anganal ey reyE Uew 00 Some whts SEthend oo
engi ne ﬁa%chﬁq\éethat:e&s%hhﬁgéarsﬁe%@feeéfféét!cﬁiR&ruc&%rﬁﬁro%stih cl udes #%rzt;) two

general - purpose registers. The FFB 11 includes a coproceSsor ne
(CND) , relgisters indhereysterdie 28czarsbe fspechiedhiniarsinstrottiom pheffestiegigier at i ons

PCT/ USoFTIRISA N SFRITISURGTON it ISR R GPAS SHARNae@iRtarniS SPacifa, inAaneierune
?Edt ﬁreofigg ?2'@%?3?‘??%'?’9 Oc%f/t% gﬁiﬁﬁéde?éﬁnﬁ%'é thE INRFE R QRorP8f thiaSiddal €91 Sters
register specification. :

The R1 register is the destination for result writebacks if the writeback version

15  of the instruction is used. The instruction will also be available in the acc virtual
register 24 on the cycle following the execution of the instruction.

The general registers r4 - r31 can be read from and written to by instructions.

As stated above, the general registers r0 - r3 share their address port with the virtual
registers. These four general registers can only be written by a RAM read (LD.W)

20 instruction. Any attempt to read these register locations will resuit in a read to the
virtual register value. The GB 18 is able to read general registers r0 - r3 as part of
DCT processing.

In one embodiment, these is a one-cycle latency on register writeback. This
means that the register contents for the modified register are available only for the

25 nextinstruction in the acc virtual register 24.

As stated above, the virtual registers share addressing ports with four of the
general-purpose registers r0 - r3. This means that if these registers are accessed by
the CPU 16, the value used is going to come from some state of the machine and
not the general register.

30 The virtual registers cannot be written to. Writeback to a virtual register will

cause the general register that shares the virtual register port to be written. The VLx
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regi sters, although not shown individually in Figure 2, are |abeled rO -
r31. O these 5 32 registers, the CPU 16 and the GB engi ne 18 share
access tov;ltﬁg%-,sggle registers, rO- rl12, for special table POES®IRF6E0
There are also virtual registers (discussed bel ow) which share addressing
ports wwth 4 of the general -purpose registers rOr3. These virtual

regi sters - 4 ot t :
rachi ne ¢ AreRRR dpdletlowdVeckiiizeb 16 v fecicfot b R B g 6 |

two 10 r egitethaoksoperatibe atteeipts ¢o tHedeevirlabrmyidtersspecified in an
Instruction. The first register denoted in the_instruction is |abeled R1.
The second regil6edpB 1& usgrethier fegisterssiOreigiiB@ RET RIGCessingmedenyVaenthe

Cpocit1 catione B AECedeMio iUt uRiers, 88qlks b e ERu3s ik edter fie 20l
the wg t ehssiiit ines Righsted file canflidtharHuRS tHe!CPILONG iis nospermifted tonsicess then Wil |

al so be available in the acc virtual register 24 on the cycle followi ng the -
execut i onregistenéle digingiataysle. inwichdhe GB 18dgiascessing the registerdile B6. rTdwd

to 15" stRdisfned Priale Bty IneR 18 <8 et ShaPREls AR 8 Rk sl PR ' °
gener al r ggéffitivhe pfetes8Mgycditbidddressddll Bxaifble 6adk fdrDEN ptBcesdifg idict i on.

Any attenpt to read these register locations will result in aread to the
virtual rdegsigned seate. avid tigse egisteappaflicts betweegdherGPUr Hyapd &8 180 - r3
as pafi o r.ocessing. .l.n one enbodi.nent. these is a one-cycle |atency
on rglg?lt stinJ?”fqovt@Bagﬂsle%%dﬁ&mmmﬂv qﬁ%glﬁfh%i"%sfaer contents for the

nodi fied register are available only for the 25 next instruction in the
acc virtual register 24. As stated aboygg;ghe virtual registers share
addressing ports with four of the general-purpose registers rO- r3. This
means that if these registers are Reg&aeSurhypnarpe CPU 16, the value used is
going to conme from sone state of the machine and not the general register.

30 RedidterV | MiMaal T <0 GL&d by GBI 0Valllé wHenlihad [ O] VIud RABRIN R & |
virtual fregrster |WeyisteAUSiEad bidIeNerialodifgh St er that ?ngtﬁ;ﬁ the virtua
regi sterf port to|RfemdditepasterVLXx {7 SUBSTI TUTE SHEET (RULE 26)
DCT
processing
ro acc yes last ALU result last ALU resuit
r1 dctSign, yes Gbsign 70 : value of bits 15:11 of
run (RF[425]<10:5>) << 1 | last CM load value plus
1
r2 symbol yes first 16 bits of GB first 16 bits of GB input
input buffer buffer interpreted by
interpreted by GB GB mode
mode :
GB count of leading O
r3 isZero, yes or 1 bits in symbol/
nZero 0 for ALU instructions
r4..r12 yes RF{register] RFregister]
r13..r24 RF|[register] RF[register]
r25 lev RF[register] value of bits 10:5 of last
CM load value if
call.dct was used
RF[register]
r2e..r31 RF{register]
16
8
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assenbl er (not shown) recognizes the virtual registers by narre and vm' |1

flag wite 8t3eback operation attenpts to these virtual The
GB 18 us@_'“é]& |sters roO- rl12 in
i s accesSith

ordiiians are deseinbion proB SRatPE 4 gt%Fe‘EPEpé? ﬁat@ 50

wi || |
perm tteg{ﬁvgﬁgs&rﬁ? g%i%ﬂ“%?"f?ﬁ%%n ﬁ%%?@ﬁ%ﬁ% éltﬁadr%g% 18 is
accessi nyppéredixdgi ster file 20. The registers rO- rl2 are read by the GB

18 so that appropyiate | ookup tables for DCT- coeff|C|ent sing can be
addr essed. Ex5R®M-XRy@sessnr %dl’s%? GOREAGE$§OT IeTaaRBHED 8% ﬁWde t hese

‘g S g1 th3 8 9T o Gl g 4 o0 4 % APIVHRG °

Cts a sumary regi ster use gi ster

V rt ual the RBH(BDBD GBntrmaiegﬂstahEG is n BIVLD nvedelethehdnc pmd@%saeglzﬂﬁa%ra as
tabl e position posi ti on Mienonic  base processi ng
ro ongréycle turnaroyad to memory rqquasts\(eithes H4-bit |nstruqtlggtfem_hgsrqgsm-bltr |

(e 435 9pgsS5resk and the R DA GVIL cppet KE SRy Bhj Byl comBbndifle

first 16tnd EEBOM, SBchfdy e waaca@r@for@aglum@uy i nput buf fer buf f er
interpreted b |nterpreted by GB node GB count of leading O r3
i sZ¢€ 5’@@ memory region CM1 is only accessiblede circuits andrcompengntazer o

0 for ALclath'err]r%lrtg%e% 11, such as the Data Streamer (Figure 1) or P1O controller 28

when the FFU 3D2D control register 26 is in Variable Length Decode (VLD) mode.
Thus, requests from the VLx processor 12 to access CM1 take priority over requests
from circuit components external to the FFB 11 to use the memory CM1.
15 The VLx processor 12 addresses the memory CM1 with 16-bit addresses,
where 0000 specifies the first 16-data-bit location in CM1 and FFFF specifies the
last 16-data-bit location in CM1.
The CPU 16 is now discussed in more detail. The CPU 16 is a 16-bit
processing unit that supports simple arithmetic operations (adds, subtracts, shifts)
20 onthe 32 16-bit registers in the register file 20. The CPU 16 can also initiate
loads/stores from/into CM1. Special instructions control the GB 18. The clock (not
shown in Figure 2) for the CPU 16 can be stopped/started via the VLx PIO register
(not shown in Figure 2) setting.
The CPU 16 continually processes instructions that have been prefetched into
25 its instruction buffer 30. The instruction buffer 30 holds 8 16-bit instructions in 2 4-
instruction subregisters 32 and 34. The CPU 16 initiates instruction prefetch of 4 16-
bit instructions (64 bits total) in time to prevent the stalling of the instruction pipeline
except in the case of a branch or when three consecutive load/store operations
prevent instruction prefetch from happening in time for use. A special mode of the
30 CPU 16 called fastbranch allows the CPU 16 to loop executing the instructions in the
instruction buffer 30 without performing any instruction prefetch.
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r4..r12 yes RF[ regi ster] RF[register] rl1 3..
r24 RF[ regi ster] RF[register] r25 / ev
RF[ r egi st value of bits 10:5 of last CM | oad val uepé.ltmggghh &ct

was used ééh;—g%é@ { r26,.r31 . . . RF[regrsterT 15 8
SUBSTI TUTE S E{J §bsgins exagatigg/iastgections at the beginning memory location

PCT/ US9 LLi ' ; 26 tion 5
of the. b oo enRfaEter FRs® sPiedt Bt CHRF bstfinell 1 F¥hanse B poseo
data shé&dO rieseftanacthed/las prggessdr 12 Alockh@oYeKowndadRigare 2Ys ERibISPBf gfgessor

menory such as CMl, which is 5 located in the FFB 11. In one enbodi nent,
CML i s Sam&timeyi Oie 6P YdRsisrodesand thenrexecatssore instaictioagartayclez Gviths i n

V - I d
Feautst % oS, cfhe i RRARH oo BN B BB Sl WdB BRReRtRT BEPGing ¢ he
menory lvakalislin ¢he met virtualsedisiyr 20 iehwsxt gyenen "eptioRdl regRtdiitbbacRYCh
as the 3D accelerator (Figure 1). 10 The nmenory region I's only

accessi [reé dopedn tagifeliowing cyslepcheamMixaPUrpipelinehas thieestages astepistdde
Dat a St r-ﬁgg?), éFi gure 1) or PIO controller 28 when the FFU 3D2D contr ol
regi ster %% n Variabl e Lengt h Decode (VLD) node. Thus, requests from
the VLx processor 12 to access CML take priority over requests fromcircuit
conponents external to the FFB 11 to use the nenory CML. 15 The VLx
prod@ssor 12 addresses the menory CMIABLEhN16-bit addresses, where 0000
specifies the first 16-data-bit |\9E>?tCiP%] .n CML and FFFF specifies the |ast

16-data-bit location in CM. Fipeline
R/D Instruction decode, register read
EX Operation execution
WB [optional] writeback of results

The instruction prefetch is ongoing, happening once within every 4 cycles
uniess a branch occurs. In the case of a branch, instruction prefetch for a target
15 instruction and ones following to fill the instruction buffer 30 will occur potentially in 2
consecutive cycles. During a branch, the CPU pipeline will suspend processing for 3
cycles as the branch target is calculated, read from CM1, and then decoded.
The VLx instruction set is described in detail in section 5 of Appendix A. The
instructions fall into the following categories:
20 » Arithmetic operations, logical, and shifting operations such as add,
subtract, and, or, xor, shift left, shift rights, and endian swap
 Branch operations, goto, branch on condition, fastbranching
¢ GB control operations
* CM1 load/store operations
25 Still referring to Figure 2, the GB 18 is now described. The GB 18 functions
both as a large bitshifter and an /0O device. Itis designed to help in the encoding or

decoding of variable-length code words in a bitstream. In addition, it has special

10
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The CPU 16 is now discussed in nore detail. The CPU 16 is a 16-bit
processing unit that supports sinple arithnetic operations (adds,

subtracts, on the 32 16-hbit registers in the re csf?,ﬁg 20.
The CPU 16 Q%J/&a'/?io initiate | oads/stores frominto CML. Sp e% 99;14466

i nst r uctlpeiesfor interrsetatine dparts ofar MR BER Rlﬁé@a@maw ﬁﬁj%ﬂsén BCTor the
CPU 16 @bﬁ&ﬁﬁ{%ﬁ(gﬁ\t@f oh'b? Vllff&tlghQé’c? ster (not shown in Figure

2) setti con |nu y processes ructions that have been
prefetched in i.t.s styryction buff.er 30. The i nstruction buffer 30
hol ds 8 16-bi%g?r?€$r1l§cri"?%ﬁ§frp owing capakifit ﬁﬁﬁlon subregi sters 32 and 34. The
CPU 16 initiates instruction prefetch of 4 16- bit instructions (64 bits
total) in ting tmeRifYSHerbye BitablénRQ! Bh ihéGmidgbid fbhPtheli/eahple except

in the case of a ranch or when three consecutive | oad/ store operations
prevént instr uctbltsrcreprre(ret:eiveﬂrmhealb@ebum@z ivia thenBata Streamer/fofdriguieat). mode

et e one TR BRI R U PO s 0”1
i nst ti f WO 99167883
ID?J'SI'/ [Jggg} 2252{).6 @Egm&%%t@%gfﬂ&éﬁ%é @?‘%ﬁ%tﬁr uctions at the begi nni ng

menory |ocation of CM (offset O from whatever base address of CML is
chosen) in respofedomno azpetl yte ditaeyvessal onheutybingobite eatbe /L2 outpat bitstream

shown in Figure ) | s enapl ed_at the The CPU 16 decodes and then
execut oo one. | nsPnbl B B Sfepmeratiowe 1 HEVPRUGRees B RPAARARC! | on
exe ion for ar cﬁ?{nv \ﬁa\!n} the acc
Vi rﬁ%l regi st erééﬂaﬁéé de?'qﬁteelg?&i it Vt@ Hoﬁg Ir?rgég tg)r vvrdl??ég%l: are
done in the fol Ipmgm@'ncycl e. The VLx CPU pi pel i ne has three stages, as
depicted in Table 2. 10 TABLE Il VLx CPU
Pi pel i R/ D st t d t

'petine o Shiftin t?atarf}]ocm Ith)g I/ e%%u% strreg?nI gng rmake ﬂwe first 16 bits of this

data available in a symbol/ virtual register 36 for use by the program, an

optionally causing shifted bits to be placed in the output stream.
15 s Endian swap the view of the value stored in the symbol virtual register 36.

¢ Use the current value stored in the symbol virtual register 36 to lookup the
result value in a limited set of hardware encoded MPEG2 tables, and then

return the table value to the symbol virtual register 36.

¢ Use the current value stored in the symbol virtual register 36 in
20 conjunction with general-purpose registers r0 - r12 in the register file 20 to

return an address of CM1 to the symbol virtual register 36.

» Splice data into the output stream.

e Save and restore bitstream 1/0 state information so that other I/O
bitstream pairs can be handled.

25 The GB 18 is controlled by the CPU 16. The CPU 16 controls the GB 18 by

specifying an operation and up to two operands. The operation is specified as the

11
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EX Oper ati on execution VB [optional] witeback of results
The instruction prefetch is ongoi ng, happening once within every 4 cycles
unl ess a Brapgénggscurs. In the case of a branch, instructiorgmedeetsssef or a
target 15 |nstruct|on and ones following to Fill the instruction buffer 30
wi |l occur potentially in 2 consecutlve cycles. During a branch, the CPU

Cal oul at 54 onestd R Bfe B TSR Bn. T oG SR o RRE e P iR el
descri befhstriycHeh #i the YLK adthtioh flodiieR X The ddtvnd S Bropdrafd Sogtdrali Nt 0
the foll OWI n? categories: 20 * Arithnetic operations, |ogical, and

shiftingb aniopesatior typss 'SatﬂkensfmrtaetKZ anB2 aperandvaluerpfithelirstryctioni f

i gh di a h di
F aat br anpi 2 AR SHrandg Bl SRR Mepe pimtnaPe dained Aive n%ae A).
Stills re§ghid G8 18’oEbE’éﬂdﬁs?reqhﬁé a%nt?&:dl%fﬁﬁ%mcﬂ‘hi%%forﬂé%@n com
functions both as a |arge bitshifter and an |/ O devi ce. gne

hel p in trom fdandasm GE 16 desiotistate ofadeavisiie mﬂherq;gdmdualeregmtets% Df the
BIS)} 2%;33 X mstruc Io% t%%eélatewa?olféeﬁﬁé ?he clagesc%% J%lggﬁe%%egg{ 4322) | og| c .
for interpret ¢hs @B Yipdile! varils éébc%’ﬁ?tobchéiﬁ!? patidrlathére ﬂé%eéé%é” DCT

coefficient extractlon or constructio a notion vector,

t he fol |aniards mrihblpupehm The Iﬂmfp)pehrm qsemnéowhenlmts are\beirgphiftediowt @fi ng

bi t romt.he Q.in tre recelv on.the 1/0O bus 22
vi aS'Phe Biciabet PRRAL o %ﬁ%‘wwnw  or eelie WE@wHﬁﬁ rift-the GB
18 in a t n | shifter.
<Cpert or e REHE T Shipg e %ﬁG?E%%*@’.Q&@%%sﬂﬁﬁeﬁﬂéﬁ%@aﬁﬁfut

bi t st r eamardware-accelerated table lookup values. These are not true pipelines in that each

state of the pipeline is not manipulating unique resources. Instead, the GB
operation should be viewed as being 2 to 4 cycles in latency. A summary of the GB

15 pipelines is shown in Table 3.

TABLE 1l
GB Bit Shift Operation Pipeline
Decode Receive and decode VLx CPU directive
Get GBSign Based on the bitshift length, determine the
Gbsign which is used in determining dctSign
Shift and Count For GB shifting operations, shift the appropriate

number of bits from the input buffer; will yield an
updated symbol value; count the number of
leading one or zero bits depending on how GB is
configured; will yield an updated nZero value.
This may optionally splice consumed bits into the
output buffer 44.

DCT lookup If in DCT mode, read tbase[nZero] register and
calculated table index; yields an updated symbol
value. Se "DCT Processing" on page 24.

20 Additional details of the VLx processor 12 are discussed below and in
Appendix A.
A summary of the processor 12 follows, followed by a description of the

operation of the processor 12 including the operation of the CPU 16 and the GB 18.
12
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(sent to the Data Streaner of Figure 1). This preserves the appropriate 10
endi aness for interaction with a Very Long Instruction Wrd (VLIW program

* Shift in g%tﬁ 3fbromthe |/ O input stream and make the fir sfcrkosdaiilysso0f
this dat&Q ble in a synbol virtual register 36 for use by the program

an optionally causing shifted bits to be placed in the output stream 15
* Endi ggafl%‘\@g the view of the value stored in the synbol virtual register
36. * e the current value stored in the synbol virtual register 36 to
| ookup the rdsuVixvyabgessor 82 lcomsists of @t sioiplegirdeassingnengine {REGPUabI es,

and then return _the table val ue the.s ol virtuyal _register 36. * Use
the curlfdnd sgiicfdedicated registaes éﬁﬁﬂsmsﬁmlﬁdﬁ}@%ﬁtéf’tsgﬁsiﬁei@we GB

COoNng ungty i : - i : s4t j i ile
50"$ o e Jor Mahtfg BifsBreathid RAGRIO filteraclions Sptirhlzdl aBoldibsd BLFFH 11 [
dat a i HHPCIM'E aepesstand 4 @& td'isSaeea D€ ortiius(p opetstioe donthé Dathat e

information so that other 1/O bitstream pairs can be handl ed. 25 The
GB 18 iYreamer éFigsdesl). t he CPU 16. The CPU 16 controls the GB 18 by

speci fyi ng r.ati pera ; i |:S S [fied
2o the 11 sped Vo' BRsddf 1 i RobientP gL BimAifpd RPUE Filihg e

PCT/ USQHdL4e6foks: operand in the VLx instruction. The first GB operand
conmes directly fromthe GB instruction in the VLX instruction at |ocation
K1. The second GB operand, optional based on operation type, is taken from
t h80K2 or R2 operand vaRbBle ¥ the instruction. (The K2 and R2 operands are
di scussed in nore detail in the attached Appendix A). 5 Sone GB 18

tho | asEORBSIT Coult ot af ENARE LIS bl e i n the acc virtual register 24 of
g B:r;/tLrgers]Jbﬁt 200/MHNCPOMREI pretesded VDRiRgritofeadnt ai ning the GB
from FFB11, CM1
instruction buffer 30 holds 8 16-bit instructions
Registers 20 32 16-bit registers r0 -~ r31 (4
port); some special purpose;
some general purpose
Memory CM1 Optimized access to FFU 11
CM1 RAM; requires that no
other FFU unit use CM1 while
the VLx is operating.
GetBits engine 18 optimized processing of data
received from and sent out over
I/0 bus 22; sends and receives
data 4 bytes at a time

VLx Processor General Operational Overview
The VLx CPU 16 executes instructions that are read from the CM1 RAM

into the VLx instruction buffer 30. These instructions set VLx register values,

13
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The (B pipeline varies according to the GB operation. There are a couple
variants on the pipeline. The first pipeline is one when bits are being

shifted out of 10 the input buffer 42. A second pipeline i Liging
bits into‘Yﬂ@s’/ﬁlﬁsf)ut buffer 44. A third pipeline is for sav%n%ﬁﬁm?gig{lfén& th

lGB Eonf pgtliost @imple arshmeticpparetinasian thy craiaMa s rasisiets, dead arwb‘r]fei e
00KUP r?HPgr%§HP}E'¥?ér% é@t, Wbw fidhe dF Rtk ISR th .b%@p%ﬁ? Qgr%tg% gt the

pi pel i ne mani pu I'Ng uni que Tesources. oper ati on
shoul d beodifieweshdisohtbnthe2l/Oothht oceues througat ihec@B énginentdy of the GB 15
pi pelines is _shown in Table 3, TABLE [I| GB Bit Shift eration Pipeline
Decode The VLx proresser 2 £a0 @seh@ sianalefioraithe &0y eondsell gn

dot v s & RBERH, ot e Mo BRI FoP bW W RIgBe B bd BybBBdRod o
t he appra¥prthat\eLynp nPtobihiet (hboBhb inPiguré F)fterbe raddt twitRedirah updat ed
synbol val ue; count the nunber of |eading one or zero bits depending on how -

GB i s cdnsirgctieni;and 110 inpsitdo dhe (pRangine A& to balanabladios diggblegt i onal | y

splice consunged bits. ipto the.output, buff 4. J 0ok [f in
ST mode. T eauomiaLSieBRRIT ulg bR kK 85 Elueeh B3R e FFRCY e as an
updat ed dufitiitioralouhe Bita iiTsir QAR (bt showpge 24. 20 Addi ti onal
details of the VLx processor 12 are di scussed bel ow and in Appendix A A
sumf@ry of thEheMoeSoengief 68 invennéolddotecthebl/OCaBue22.i phedaBengihe 18

oD e S SPaa s Bl Bt et BESRETALLAD 19Tl Ty 20 t e

one of which supplies input streams, the other of which takes output.

VLx Register Description

15 The VLx CPU 16 operates on 32 16-bit registers in the register file 20.
These registers are regular readable/writeable registers. Some of these
registers share addressing ports with the virtual registers that can only be read
since they are a way of examining state in the system that occurs as a result of
execution of other instructions.

20 For regular registers, there is a 1 cycle latency on register writeback. This
means that the register contents are not available for the next instruction
following an instruction that modifies the register. If the value is needed, the
following instruction can use the accumulator value in the virtual register acc 24
that is always set with the results of a mathematical operation. For example

25 # Writeback the results to zzin of incrementing zzin by 1

ADD_K(W, zzin, 1);
# zzin value not available to the following instruction. Use acc
SHL_K(0, acc, 2);

# zzin value is now available.

30 There are several virtual registers, the most notable of which is the

accumulator acc virtual register 24. The following table describes these special

14
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WD 99/ 67883 PCT/ US99/ 14560.
Feat ures The VLXx processor 12 consists of a sinple processing engine (the

CPU 16) gj dedi cat eg registers (the register file ZO}CTms@giggés
e 1 LT ot g e B9ARLASH0R, TR A IR e

opti m 7
Ds Cont I\rweéé SRt 0sba witinBRba/ISE bpagRimé Eirw@ﬁ\eléctuﬂn%aé%var R ssor

12 conponent's are sunmarized in the following tabl e and sections:
Tabl e Inagstiddreeaubject to changeFuhlsoi notelthabisevectvmizhepe vidupl registees  VLx

| net r Ut EakE, b ALE pecic {5 theiHiEdR detadiia FEPeSseng A e por 1)

SONg SPAdMkt BHIAF She TN FEH 8l foP YhiRAREpeRDT Y CML Optim zed
access to FFlﬁ 11 CML RAM rng resot halt nopot her FFU unit use CML while the
VLX is operating. GetBits engine 18 optim zed processing of data

recei ved fromand sent out over |/O buABLE Yends and receives data 4 bytes
at a time VLx Processor Ceneral Operational Overview The VLx CPU 16
executes instructions that HctualedalubsdsddhwHarlingfctioho t he VLX

I nstruction buffer 30. These instructions set VLX register values, 13
SUBSTI TUTE SHEET (RULE 26fperand Rl1 References a Virtual Register

Register Register Kind Assembler - |Value Used Indirect
Index Symbolic Source
Name for
Operand
0 virtual acc Last result accumulato
r
1 virtual reserved reserved GB engine
18
1 virtual dctsign GBsign GB engine
? 0 (from 18
iszeroR1)

: (bits <10:5> of
RF[RI2]) << 1

2 virtual symbol GBSymbol GB engine
18
3 virtual iszeroR1 0 -
4..12 real tbase* RF[RI1] -
14 ... 31 real RF[RI1] -
TABLE VI

Actual Values Used When instruction
Operand RI2 References a Virtual Register

Register Register Kind Assembler{Value Used Indirect
Index — Symbolic Source
Name for
Operand
0 Virtual acc |Last result accumulator
15
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processor time of issue. However, arbitration to CM1 within the FFB 11 will aliow

other components of the MAP1000 processor 10 (Figure 1) to access CM1, and

10

this can cause increased latency that is dependent on the size of the external

request. The arbitration algorithm always gives preference to the VLx processor

12 over external requests such as made by the Data Streamer (Figure 1). Other

components that may have a need to access CM1 while the VLx processor 12 is

executing include the Data Streamer which may be pulling or pushing data into

15

or from CM1 as needed by the VLx application.

The VLx processor 12 can issue one memory operation per cycle.

Memory operations include instruction prefetch, as well as memory load or store

operations triggered as a result of executing VLx instructions that affect 'memory.

For instruction prefetch, the VLx requests memory reads of eight bytes (four 16-

20

memory operations on 16-bit quantities.

bit VLx instructions). For instruction load/store operations, the VLx requests

if there are external requests to CM1 required, the VLx application should

take this into account and be written such that there are cycles in which no

16
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# zzin value is now avail able. 30 There are several virtual
regi sters, the nost notable of which is the accunul ator acc virtual

regi ster vaéo % 8gol | owi ng tabl e describes these special 14 f4B&ddohikBds .
SHEET (RUNECZ WD 99/ 67883

PCT/ USOBEMBRAGeessesa'e Madedo b1 sadhatertaraal AUSSts CaRRRigin and not
th i . : : d withi the VL i nce the
Cun Seing e KRR EngRtaNAdIE, LoBd B e e e e

act ual ubj ect to change. Al so note that several
of these virtual registers have values that are specific to the MPEQR
decodi ng processing and the 5 interaction with the GB engine 18 for this
pur poseVLX/ApPH Regeriptipnval ues Used When I nstruction Operand R 1 References

a \/!5r tual Re lit\?f_x %I’-gliJsfseéxecutesﬁﬁg{rﬁkﬁg}%%cgbeéﬁggmh%is-ck\llé%t'é?. Used

| ndi'rect | ndex Sour ce

Nane for Opempedp@cessor Bbefatak on the 32 16-bitﬁ*‘e‘gisters in the tegister dHe!120,
accunmul ato r | vi rt ual reserve reserved B

engi ne whigh are degcribadiabove. The CPUJt6 silgmcan readmndywrite values intBthagi ne
zy?rbér " m@@%%b%%graosmdgs@%%éiﬁgg:é;eg&tio%':[)ﬁ Is%gciéfir%strzuctions virtual
controls the GB engine 18 and other instructions allow the VLx application to
10 issue a DsContinue() type operation to a descriptor program executing in the
Data Streamer (Figure 1).
Significant elements in the CPU 16 are:
e Program counter (not shown in Figure 2)
o |Instruction prefetch buffer 30
15 e Instruction execution logic (not shown)
o Accumulator (although the accumulator itself is not shown in Figure 2,
the value stored in the accumulator can be read by reading the virtual
register acc 24)
The CPU 16 continually processes the instructions that have been
20 prefetched into the instruction prefetch buffer 30. The instruction prefetch buffer
30 holds 8 16-bit VLX instructions. The CPU 16 initiates the instruction buffer
prefetch from CM1 in enough time to prevent stalling the instruction pipeline
except in the case of branching or execution of more than 2 instructions that
operate on CM1 per 4 cycles . Each instruction prefetch loads four valid VLx
25 instructions into the prefetch buffer 30.
The VLx processor 12 starts executing instructions at the beginning of
CM1 (offset 0 from CM1). instructions are decoded and then executed, one per
cycle, with the results of the instruction execution for arithmetic and logical
operations being available in the accumulator in the next cycle, and optionally
30 written back to a result register on the subsequent cycle.

The VLx instructions fall into the following categories:

17
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18 3 vi rt ual i szer oRl 04 ... 12 r eal )
t base* RF[RI1] 14 ... 31 r eal RF[ RI 1]

TABLE VI Actual Values Used Wen Instruction Qperand R12 a
Vi rtual WOGPETE Regi ster Regi ster Kind Assenbl ?gﬁégég%géd

| ndi rect | ndeArithmetic operations such as ADD,-SSBnBMNDcOR, XOR, Shift Left Sour ce
Name for and 0 Vi rtual acc

Last resuW@@%ﬁﬁ*ﬁﬂf&%ﬂEH (RULE 26) WD 99/ 67883
PCT/ US99/ 14-56§rér\1”crg ngréﬁd’r?é such as >, == n%o otd eﬁ%géfé%r{%c?ndlt%geﬁﬁﬁ}e

reserved 2 cr'fe 18 3

vi rtual branchingpard@ fastbra@thmeJchanlsm GB engine 18 4 .. 12 r eal
t base* vi rtual | ev bits

RE[ R 2] - 25
<10:5> of = hlrﬁpﬁﬁﬁ coptrol operations,) RF[ R12]
- FFB CM @s%é$5&&§%OYé Q6E5SOT 12 reqw res a prioritized access

path to CML. essor 12 is using CML, CM cannot be used by
any other Ffige TPU’s 16-bit instruction words consist of a 5-bit opcode together with

several operands. The instruction set includes several classes of operations, and
also includes special opcodes for control of and interaction with the GB engine.
10 The IOIF Fastbranch operation is included to speed looping under certain
conditions. It allows the VLx processor's CPU 16 to iterate in place using its
internal instruction buffer 30 only. This both eliminates calls to CM1 for
instructions and provides a no-delay branch to the top of the instruction loop,
which improves speed.
15
PIOs to VLx Processor

The VLx processor 12 has one 32-bit PIO readable/writeable value with
values read or written according to the bits below:

TABLE Vii

Bit(s) | Name Description

0 Run If set to 1, turns on VLx clock; otherwise
turn off V0Lx clock

1 Step Step 1 clock cycle

2 ResetPC Sets PC to 0; marks contents of instruction
buffer as invalid (forces out any fastbranch
state)

3 Debug Sets a debug breakpoint. If this bit is set,
bits 7-15 specify the breakpoint address.

4 GBCooldown Turns off request of /O input on input
stream
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unit, such as the 3D accelerator (Figure 1). CM is allocat edzgor uscra] by
the VLx 5 processor 12 by setting the 3D2D Control Register so that it
speci fi evQ@P¥&88 i ng by the VLx processor 12. CML | oad andPGY/BP¥/ 148 at i ons
typi cal l yfhave aJl- [e JTatenfy from VLX OCessor tine _0Of i1ssue.|However,
arbitratiof to e&}q&ﬁdﬁ"t he :\‘@ef'luéﬂ’y[[h't‘Eélt%ﬁeé?rﬂﬁf‘ed’&%@ﬁéﬁ?s of the
MAP1000 ptocessol 10 (Figure 1)reasd g&vuile thmmegister specified dyckits calse

i ncreased that is depephddntSon the size of the external request.
The arbit i i sor. 12

over extel | BrebRpoint bras | Bréakpoint BadRsEsif Bif 8ageet;( RAmre 1). O her
conponent $ t hat frmmaﬂedésﬁeejaﬂﬁr@ﬁﬁﬁim B8 Indr bites Mg sRfocesgor 12 1's
executinglinclude the Data Stréaner | or pushi ng data

into 15 o¢rq4f6§9m needed Eeation. The VLX progessor 12
can i ssue c}r;le{?rerrt()ﬂr\f/A??érat i on %?é%@éygg%g%ﬂ% oper ati ons i ncl udg

I nstructi gr, prefdt Lwell & ry Lo or . store operations trli ggered
as a resul'?iof e e%%ﬂeﬁé'ﬁx ir?terr{ﬁﬂ%%ﬁés?ﬂ%f’ugﬁﬁ?agwgmmry. For i
i nstructiq refd e VLX fequests nenpry. reads of €[ ght DyTles our
16- 20 bild AL x I%F%ﬁ%?l ons) . E@P'fi b ffdhisols bibisisak weedbevaluers, the
VLX requegts mengry oper ations |@ bits-13-81dehei reigister specifieddyabits gxt er nal
requests tto CM rjequired, the YU-abpbiheawiseredbthelragitiertspesifiod ¢ account
and be wrijtten sych that there |dyebitydiets hRdWutdhenaldd irPHRSHIBIRAE SHEET
(RULE 26) WD-49/ 67883
PCTI US99/ 146581. |RFD&Ya accessqDatacto"Rie: {PREMt ivdek cfideppal rlequests
The VLx  CRU 16 exlecutes | nstruc %L“ﬂg%tﬁ‘wﬁwaawﬁm R RS o The

e VLx execut es instruc . :

-éoel(%t S°|I gﬁ'@%éragaq?ﬁgt ﬁ‘b'r egi ster file {20,

o

processor |operatgs on the 32 16

VLx Processor Pipe Stages
The VLx processor's main stages are as follows:

o Prefetch: 64-bit prefetch into the instruction prefetch buffer 30

5 ¢ Decode: 16-bit instruction decode by CPU 16 from buffer and register
file address set up

o Execution: instruction execution

» Writeback: write back of results to register in register file 20

Prefetch: The 64-bit prefetch is designed to fetch instruction data into the
10  instruction prefetch buffer 30 on the assumption that the CPU 16 is executing in-
line code. Each new 64-bit word is timed to arrive as the last instruction is loaded -
into the CPU 16. The CPU 16 can run with no stalls due to missing instructions
on in-line code. Note that in one embodiment, the instruction prefetch buffer 30

size is 128 bits (8 instructions * 16 bits per instruction) and 2 prefetch operations
16 are required to fill the buffer 30.

Becode: The decode stage sets the register file addresses so that data

from the register file 20 is ready when the execution stage arrives. Note that the
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whi ch are described above. The CPU 16 al so can read and wite values into
the CM nenory space as descri bed above. Execution of SpeCi@ET/bQ?J/{:tg&)t-i ons
control s WR938¥ngi ne 18 and ot her instructions allow the VLX application

to 10 i esastitionfGore tustfictions supbras READ oGB_deisstruptions prelgosmthexecut i ng
in the Data Streamer (Figure 1). Significant elenments in the, 16 are: *
Pr ogr anfegéiat-dfe @ﬂ@fes§ﬁ§36?§'!‘9 set goP @r)tate?y h¥t‘?%¥?@ﬂ§)%w§2&1f fer 30 15

| nst rféﬁ&% gﬁgél/mnelg)g{ﬁc (not shown) Accunul ator (although the

accurul ator i S not—shown in Figure 2, the value stored in the
accunul ator gap.be read by.readi ng the.virtual, register 4 he, CPU 16
continual Iy £§€§g§%%§axﬁ?é%|%taﬁ&g?‘%ﬁgﬂ?%éﬂﬁeﬁébg @ﬁr%%ﬁgﬂégiségEﬁ@d into
the g ns R T e6bhas eketlitdd Bnb4kbalts 30

hol das 829?5@{}%(%{0??%%%%?26%3 CPU ir1';'§Eriluni tiates the instruction

buf f er pree&eaitdblerinth&dbci virteabreglister @4 indime doensetyalhe next instruckonisct i on -
pi pel i ne except in the case of branching or execution of nore than 2

i nst r uceX®e4ti@Mat operate on CML per 4 cycles. Each instruction prefetch
|l oads four valid VLx 25 instructions into the prefetch buffer 30. The VLx
processor 12Writehackixidnaugmthe 68U d6tawtamaticallilaees the neswis oL (of f set

0 from ctions are decodetg and t hen, ex ted, one per cycle
RRLGUT n

wi ¢ hothaM e e EngSaeaT i erforsaR e HtrUiIRIg, FMe fraor A gt midtiaes

ope{@t i &Fﬁabsitﬂa ra¥ait bashika thihotREr fRgisler! tHall dclidnNpXist BEGh8icated
optionally 30 witten back to a result Tegister on the subsequent cycle.
The VLx thnosighuthiei Wissfiéldl in thetinstroetiéml It dakesjonataygle tewrite baskRBeEl rELTkES
SHEET (RULE 26 . WD 99167883 .

PCT/ USQ@%D.% ecution stage fo a register. if a programmer wishes to use the resuits of

an operation in the next cycle the acc virtual register 24 is used.

15 Branching
Branches take 3 cycles to execute. All branches are of an absolute nature.
These can take an immediate operand (11 bits) or a register value. The CPU 16
does not execute any instructions after a branch op is received until the target is
loaded.
20
FAST BRANCH
The fastbranch instruction (I0IF Fastbranch) defines a mode of operation
where the CPU 16 halts instruction fetch from CM1 and executes code only
within the instruction buffer 30. The advantage of this is that loops can be
25 executed more quickly within code in the buffer 30 than when using code
requiring fetches from CM1, since the branch to a user-specified offset occurs
without delay in the buffer 30. This also frees up cycles for CM1 to be accessed
by the Data Streamer (Figure 1).

The instruction buffer 30 can hold up to eight instructions, and code in the
30 buffer 30 must be aligned on an 8 word boundary. Using the fastbranch

20
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* Arithnmetic operations such as ADD, SUB, AND, OR XOR, Shift Left Endian
swap, Shift Right Endian swap * Branch operations such as > ==, GCoto,

branch on ‘&@%9)61}48%’ i ndi rect branching, and a fastbranch nep&piisssniaseo -
* CetBits rol operations * I\/Em)r% Ioadggéore operation The CPU s

16-bit iGRRabidyireaules dBatic parammes predetine dae nuspkeher ingtiuctionsdpal

oper and T | |0 ' : | and
o 501 nang e, BEle s RS nuied it KGR I DR E N AInh b
engi ne. Wihin the buffée30 Ghait thasCPLhnahpeberok fooondes thetastdastruction¢eth in

| oopi ng under certain conditions. It allows the VLx processor's CPU 16 to
i terate the pufiered@kisrgached; Ahis meansmthatlete anngﬁﬂpgen%@aarhe/mcm@gd it h
el i mznat gs |lls to CM for instructions and provides a no-delay branch to
t he t50p sz?Pé"i nstruction | oop, which inproves speed. 15 PIGs to VLX
Processor The VLx processor 12 has one 32-bit Pl O readabl e/witeabl e val ue
with val getBiteEnginevitten according to the bits below TABLE VII Bit(s)

Nane Description O Run If set to 1, turns on VLX
cl ock; ot herw r i
resetpe - THESHIENGnG i HeVExRResrer 17 Ip deidhd 5 R e L

i nval i d pfavesser d@tinadgcddisg vaziabhe dength)}c8ded synibtiag GB 18 is desi§aed ta
o " SanBin ioksarbenand nsarih sperrdeto bt A eeb Al oo HE el bus
Stregyn 182 and to assist in coefficient extraction. It is responsible for assembling the
input data and doing part of the computation necessary to find the correct lookup
table.
The GB engine 18 has the following basic capabilities:
» Does a per byte bit reversal on incoming bits from the 1/0 input stream.

16 This keeps the bits handled by the GB engine 18 contiguous in the

GetBits processing.
¢ Does a per byte bit reversal on outgoing bits on the /O stream. This
preserves the appropriate endian values for interaction with the VLIW
core 14 (Figure 1).

20 s Shifts in data from the 1/O input stream and make this data available in
the symbol virtual register 36, and optionally causing this data to also
be placed on the output stream.

o Endian swap the view of the bits in the 1/O input stream
+ Counts the number of leading zero or one bits starting from the

25 bitstream Most Significant Bit position (first bit received after per byte
bit reversal) and makes this count available in the virtual register nzero
(not shown in Figure 2).

o Can optionally use the current symbol value to lookup the resulting

value in a limited set of hardware encoded MPEG2 tables, and then
30 return the table value as the symbo/ value.
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SUBSTI TUTE SHEET (RULE 26) WO 99/ 67883
PCT/ US99/ 14560 5 Set RFAddr If set, use bit 10 to determ ne

whether to read or wite the register specified by bits 11- z
Br eakpoi Y0398 eakpoi nt address if Bit 3 is set; RAM RAI\% i‘dé?éebﬁ“m'
address if rrei Ofs splice datpintgithe pulput steeamy- 15 RF Addr | ndex

I nto regist ' . ' . e i t st andi ng
100 "oU it by G ehging a8 R ERG ppnary ipterRited Wit HEULP CRAR! PLAVLTE
at bits 16-31 #o VhetheaeghsiterfileReci fied by bits 11-15; otherw se read the

regi ster specified by bits 11-15 and put the value in bits 16-31 16-31
RFDat a 20a8Hnple Gantrobbit® RF at i ndex specified by bits 11-15 if

Wi teRF and ceR Lt,s are set; otherwise data is *RI1. VLX Processor
Pi p& St ages .Eﬁé C@L’E"’EP&‘E@?&V s main stages are as follows: * Prefetch:
64-bit pref e;chﬁm.pgﬁ(fﬂ)mr{ﬁégpp%gcw neqfoeggm@uffer 30 5 * Decode:

16-bit instruction decode by 16 frombuffer and register file address
set up * ExeeutDome/Busyt(fuoes iGH 18dtectinei CRUMB) eback: write back of results

t i ster | ister file 20 Prefetch: The 64-hit prefetch i i gned
Lo fetch | nsERRRCHER L o Btmetats B i Goll 4R qarllolres Shaidauit ® or

th BP0 fi6n | o Borikd Bach 64- bi t
wor o e OB K g R P oAt he cPU 16,

Thd 0CPUnfdrmeation sochi ashappropiridte DatacSireames diuffpriamst channeliafarmation i ne

code. Note that in one e diment, the_instruction prefetch buffer 30
must %e passec?to thenP/Ex processor ?2 sot at(l;t can cgnﬁgure the &% engine

18.

The GB engine 18 interacts with the 1/O bus 22 using two of its slots on

the 1/O bus 22 at any given time. One of these slots 38 is used for an input
15 stream. The other slot 40 is used for an output stream.

When the GB engine 18 is processing input, input data is moved into an
input buffer 42. As GetBits operations are executed, the bits in the input buffer
42 are processed. The GB engine 18 makes read requests on the /O bus 22 at
the I/O bus rate to keep this input buffer 42 supplied with data. The /O transfer

20 size for input is 4 bytes.

The GetBits engine 18 can only process input data if it has been
configured to read input, and if it has a sufficient quantity of unprocessed bits in
its input buffer 42. A VLx program configures the GB engine 18 for input, and is
responsible for checking to see if there is sufficient bits to process by using a

25 special branch conditional instruction (BRACIND(...C_gbstall).

Output is generated to an output buffer 44 either through explicit
placement of data (for example, through the G_splice) or as a side effect of
shifting through symbols in the input buffer 42.

The GB engine 18 can only generate output if it has been configured to

30 write output to the 1/O bus 22, and if it has sufficient space in its output buffer 44

to write more bits out. When 4 bytes worth of valid bits have been written to the

22
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size is 128 bits (8 instructions * 16 bits per instruction) and 2 prefetch
operations 15 are required to fill the buffer 30. Decode: The decode

stage setg £gister file addresses so that data from t hecr/egessiusso fil e
e fpe@ g&; L} AR ERILAGA ST 89 kS s 4 DSV Rhind arifertRld TUTE

PCT/ US9/y b4sGy, execution of sone instructions, such as READGBX
instructions, rely on the register-file addr esses bei ng set appropriately

by instruct |Td1eslnpru’fmlfﬁﬁre1%/sﬂel iscld A gits hd reepatper buffersd4 sizegis 2 bitst i on:

The ex . on, us romthe regist.e I|ed

const amdigens T A8 R S thiE RrotBsR T Skita In e et Rullarid?

avai| alghgrd Ard aﬁ@ersq 40 wﬂ% tﬁeeau%%z%rhe Mtﬁﬁt bafferaa Must hs\/e%bn?

i nstruction’s execution. Witeback: Though the U 16 autonmaticall aces
t he redot &b lexdst @i bhsrdon Getidits pogcmlng Abat atfectsneutpmttbhefa@datml at or, if
the programmer wi shes 10 to have the result be copied to another regi ster,
that action nust be indicated through the WB field in the instruction. It

t akes %W&rﬁcﬁany'te back the results of the execution stage to a
regi ster a programrer wi shes to use the results of an operation in the

next cycl e tTiee 8RUVIG isuptogragimédrin 24 assembly Enguaige cTienindbruotiomes t ake
3 c cles to execute. Al branches are of an absolute nature. These can take
m*reiﬁtd%'stﬁ%PQW( 11 bits) or a register value. The CPU 16 does not
execute any instructions after a branch op is received until the target is
| oaded. 20 FAST BRANCH The fastbranch instruction (IO F Fastbranch) defines

a node pésfiAgfidhi®dntrol for Results
For instructions except BRACIND, the following holds true:
If the WB field of the instruction = 0, then the results of the instruction are
15 available from the acc virtual register 24 for arithmetic operations..

If the WB field = 1, then the results of an instruction are copied the register
addressed by the RI1 field of the instruction.

For the instruction BRACIND only, the effect of WB is different. For
discussion, see description of BRACIND.

20
Instruction Format
The CPU's 16-bit instruction words have the following structure:
TABLE VIII
VLx Instruction Format
25
Type |[Field 1 -|Field 2~ |[Field 3 - Field 4 -
Opcode |Writeback Operand (Ri1) |Operand (RI2)
Control
1 5-bit 1-bit WB |5-bit operand |5-bit operand
opcode [flag (register (register
address) address)
2 5-bit 1-bit WB |5-bit operand |5-bit operand
opcode |flag (register (constant)
23
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where the CPU 16 halts instruction fetch from CML and executes code only
within the instruction buffer 30. The advantage of this is that |oops can

be 25 w&&g/\&gﬁmre qui ckly W|th| n code in the buffer 30 i’bi‘ﬂls’é‘ﬁ)?@ﬁdls' ng

code r-eq Hes—rerA-Chi——tee ~Re-—-Bt-aiei=—t=-0-<a7 USer - speci

offsef accubs without del ay a\a-vdfﬁﬁﬁ huffe 30 This alsp frees up cycles for
CML t ¢3be af@bilsed|bpit\WB Dia-bitwperangr (G=bijwnerand Thp instruction buffer

30 can hol djegcade ¢iagt i ns{{constam}, ani(regdterin the BO buffer 30 nust be
aligngd on an 8 woid boundagy. Using theldddrebsynch 20| SUBSTI TUTE SHEET

(RULE|Z6) ~ [591 99 WW\IB 5-bit operand 5- blt operand _
PCT/ U$99/ 14:@&cod§m |ty C%ulété'ﬂi th (Cb gtaq.‘rtggramwr predefine the

nunber, pet pP—oop—Tht-s—nlinber, whose range is
0to \5 deh%@é elr}dwve%s ﬁjﬁp?rﬁé’do iffer 30 that the CPU wraps back to
once tlhe | agPP$eRe (R on ( rﬁsw?l‘n’é buffer 30) is reached, This neans
that 3 to 8linstrudtions canc®@sten®l udedlin 5 this |opp. GetBits Engi ne
The GB engine 18 in the VLx processor 12 is designed to assist the VLX
processor 12 in decoding variabl e-1ength-coded synbols. GB 18 is designed

to performbit extraction and insertipaBpEep@ati ons on data received from
the 1/OBus 10 22, and to assist in coefficient extraction. It is

responsi bl e for assenbling ths %%ts art of the conputation
' oo up tagﬁ ﬁﬂ%{i‘&!&@né)

necessary to find the correct engi ne 18 has the
f ol | owiOperaatl|Funetiohi | ities: * Does a per byte bit reversal on ingom ng

bi ts firomygne {Th @Wﬁwﬁlﬁégmﬁ@ Thi's keeps the brts nandl ed by
the GY endi ne IiHy GAMdd 86 ? 2GR PG BORFERSIREther B9 BrPer) DYt e
'L reversa Cﬂweogpg Atith lLe 2opht &J a re8 stef ?\aﬂdttlohsto the

accumulator:

0 = operation results placed in the accumulator only.

1 = operation results are copied into the register addressed in the
RI1 field.

For the Bracind opcode, WB functions as follows:

0 = no change to RF[RI1] contents

1 = causes RF[RI1] to be set to the program counter value

Ri1  |Register Index 1: a 5-bit register address indexing one of the 32
registers in the register file or one of the virtual registers.

RI2 |Register Index 2: a 5-bit register address indexing one of the 32
registers in the register file or one of the virtual registers

K5 a 5-bit value

M11 |an 11-bit Coprocessor Memory 1 (CM1) memory address

K11 |an 11-bit value

Instruction Descriptions

5 The format for instruction descriptions is shown below. MNEMONIC is the
assembly language mnemonic for the instruction. WB is the value of the WB
field. Arg1 and Arg2 are operands as described in Table 6 above. All cycle
counts are in VLx clock cycles for a 200 MHz VLx clock.
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preserves the appropriate endian values for interaction with the VLIWcore
14 (Figure 1). 20 . Shifts in data fromthe 110 i nput stream and
make this ailable in the synbol virtual register 36, jsopal |y
causi ng tW?’§39Z‘§?“§ to al so be placed on the output stream *nggjisgﬂséss'\f\gb t he
view of the bits in the I/Oinput stream* Counts the nunber of |eading
zero or one bits starting fromthe 25 bi t stream Most Signifi cant
Bit position (first bit received after per byte bit reversal) and nakes
this count available in the virtual register nzero (not shown in Figure 2).
* Can optionally_use the current synbol wvalue to logkup the resulting val ue
in alinmtedADB_K(WBARIAWMS)e encoded | M PE® tables, and then 30
return the table value as the synbol value. 21 SUBSTI TUTE SHEET ( RULE 26)
WO 99/ 67883 Cycles: 1 for results to virtual register acc 24; PCTI US99/ 14560.
Can splice data into the fortresuitstto emy offiee Availabs rmgié&rf(mibavg' i tHery
intgrfaces with the VLx gBldtdpfilel20)i a the register file 20 2. Sinple
control bits 5 The“control bits are: * Run/Halt (fromthe VLXx CPU 16
to GB 18) * sy (f t ki VLx GB
I nstructi onsﬁgﬁaé(ﬁ*e{ CPU A&%mg?)ﬁflgag‘t}rﬁ%gﬁdﬁ?c%\%rﬁgpgtsﬁ?%g%éﬁ?g'operat I ons.
In order to appr ' ' ation, 10 information such as
ERRRAUE: Z0NABD K@, 2851 5Y)

appropriate nnel information nmust be passed to

the VLX procgigebintfor® T bxam8surd thd\afud BSrduid 8bRfents of register

tbase12. The result of the operation is available in the acc
10 virtual register 24 in the following cycle.

ADD_R(WB,RI1,RI2)

Cycles: 1 for results to virtual register acc 24,
2 for results to any other register.
Function: Add the contents of register R12 and the contents of
15 register RI1.

Example: ADD_R(1,pctype,acc)

Description: The example sums the contents of the virtual register acc
24 with the contents of the register symbolically addressed
as pctype and makes the results available in the virtual
20 register acc 24 in the subsequent cycle, and in the pctype
register for use in 2 cycles.

SUB_K(WB,RI1,K5)

Cycles: 1 for results to virtual register acc;
2 for results to any other register.

25 Function: Subtract constant K5 from the contents of register Ri1.

Note that SUB may be use to negate a value in one step by
using the iszero virtual register to supply the constant zero
allows one step negation using SUB_K(0,iszero,reg).

Example: SUB__K(O,acc,1)
25
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The GB engine 18 interacts with the I/O bus 22 using two of its slots on
the 1/0O bus 22 at any given tinme. One of these slots 38 is used for an

i nput 15 _stream The other slot 40 is used for an output s t he
GB engi ne‘ﬁ%g?’gmﬁ? ocessing input, input data is noved into yﬁ%&%ﬁffer
42. As Get Bi Pesopptian:orSubtiractek from thie virtgalriegistenacbh @4 apdimadkd ey 42 are
processed. The GB engi naeifitsavaiableaih aer2dsfos tioe nelke inst@diion. 22 at t he
ItO bus rate to keep this input buffer 42 supplied with data. The 1/0O
transfer 20 size for input is 4 bytes. The GetBits engine 18 can only
process inp —f | : been—configured-to—readinoL and if it has a
sufficient » cessed bits in its input buffer 42. A VLX
program configures the GB engine 18 for input, and is responsible for

checki ng to G¥elest ther el for resuitsdpanttusl tegistermos24s by using a 25

spe®i al branch conditi orfor resultsdbiany ¢BRACGENIXter.. Cgbstall). Qutput is
generated to an output buffer 44 either through explicit placenment of data
(for exanpl eFuhbtiomgh t hBulrapl iheegontents ofi regidtereR 2 fronptoateints ong t hr ough
synbol's in the input buffegisté2zRiThe GB engine 18 can only generate output
if it has been configured to 30 wite output to the ItO bus 22, and if it
has suffici egikapigiee | N SUB RYppsigybuffer 44 to wite nore bits out. \Wen 4 -
bytes worth of valid bits have been witten to the 22 SUBSTI TUTE SHEET
(RULE 26) WD 99/ 67883

PCT/ US99/ 14560, output huffer 44, the GB engine 18 will initiate a 4 byte
110 write tr S d(WB,RHeKS) O bus 22. The input buffer 42 size is 112 bits.
The output buffer 44 size is 92 bits. Sufficient input data for CGetBits
prddessi ng eQystes:i n t hetifoprdsusf foevirthal végistér add4e are at |east 40 bits
in the buffer 42. The oudpyt r&dififseio S r fgq;@teq-.oom for at least 21 bits
for GetBits processing that affects output buffer state.
Function: Shift contents of register RI1 left by a number of bits equal
to the value at bit positions 0:3 of K5. All shift operations
result in zeros being shifted in to fill vacant bits. Note that
15 the value of bit 4 of K5 controls whether endian swapping is

done before the shift operation, as follows: __

Value of K5[4] = :

1 : endian swap then shift left bynumber of bits = K5[3:0]

0 : only shift left by number of bits = K5[3:0].

20 SHL_R(WB,RI1,RI2)
Cycles: 1 for results to virtual register acc 24;
2 for results to any other register.
Function: Shift contents of register at index RI1 left by a number of
bits equal to the value at bit positions 0:3 in register RI2.
25 (That is, shifts may be from 0 to 15 bits.) All shift operations

resuit in zeros being shifted in to fill vacant bits. Note that
the value of bit 4 of the contents of register RI2 controls
whether endian swapping is done before the shift
operation:

30 If value of bit 4 of RI2 contents =
1 : endian swap then shift right by amount = RI2[3:0]
0 : only shift right by amount = RI2[3:0].
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VLX Instructions The CPU 16 is programred in VLX assenbly | anguage. The
instruction 10 set is |listed below Destination Control for Results For

|nstruct|‘(R(Q)sQ;5;5 pt BRACIND, the follow ng holds true: If therN¥Bodrsbs. of
t he |nstrucf|nn = 0 . then the results of the instruction are 15 availabl e

from the accSHRAMWBRIZKS)er 24 for arithmetic operations.. If the WB
field = 1, then the results of an instruction are copied the regi ster

addr essed byCytlesRul fi €l foroestlte tondrtuakreigister Bec 24ie i nstructi on BRACI ND
only, the effect of WB ixfdlirekeaitertd.arfyoothdirgegisteénn, see description of
BRACI ND. 20 Instruction Format The CPU s 16-bit instruction words have the
foll owi ng stFunttiore: TAlﬁﬂﬁft\ﬁlgrhtlth\éLtzommts oftegistdrdR ey K5 BipeAll shiftd | -

TRsy Somero 519 % s b::d rét%;%\% re8gRdg Z%&geméwmﬁ(%fé@%pﬁgﬁde
. ) it tr i 5' g
1w e o Bt GE AL

(register
(constant) 23 SUBSTI TUT E' 26) WO 99/ 67883
PCT/ US99/ 14560 endlan swap then shift left by amount = K5[3:0]
10 0 only shift left by number of bits = K5[3:0].
Example: See below:
TABLE X
Examples of SHR_K Instruction
OPERATION DATA RESULT
1110 0000 0000 1011
SHR_K(0,acc,0b10000) {1101 0000 0000 0111 |Simple
endian swap
SHR_K(0,acc,0b11000) |0000 0000 1101 0000 |{Swap then
shift right 8
bits
SHR_K(0,acc,0b01000) {0000 0000 1110 0000 |Simple shift
right 8 bits.
15 SHR_R(WB,RI1,RI2)
Cycles: 1 for results to virtual register acc 24;
2 for results to any other register.
Function: Shift right the contents of register at index Ri1 by number
of bits equal to the value in the register at RI2. All shift
20 operations result in zeros being shifted in to fill vacant bits.

Note that the value of bit 4 of the contents of register RI2

controls whether endian swapping is done before the shift
operation, as follows:

Value of bit 4 of RI2 contents =
25 1 : endian swap then shift right by amount = Ri2[3:0]
0 : only shift right by amount = R12[3:0].
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addr ess) =3 5-bit 1-bit WB 5-bit operand 5-bit

operand opcode fl ag (const ant) (register address) 4 5-bit
1-bit WB 5-bit operand 5-bit operand opcode flag (
(const anWP %/67883 5. pi t 1-bit WB  11-bit operand - opc’ggpe{a%%gm '

(address orANDONWBIRITKELE | X Operands Used In Instructions Operand
Function WB  The Wite Bit has two uses: For all opcodes except Bracind,
VB control scyBisher respidrrealits ke vivbesiaeigiiterbec@api ed to a register in

addi tion to the accumulptresfits taRGAGtHRP ré@@%,t.s placed in the
accunmul ator only. 1 = operation resul'ts are Copied into the register

addressed | 1 fi F | : '
fold ows: O Euhgﬁ%ﬁ;ngef &ia—'[%ﬁﬁ ﬂﬁeo%@%tngg P?ggggﬁesre%ﬁl?mﬁr%%%émset to
thg program count er val'te Rhl Regi ster Index 1: a 5-bit register address
I ndexi ng one of the 32 registers in the register file or one of the virtual
registers. R12 Regi ster Index 2: a 5-bit register address indexing one of-

the 32 regi AND SR(WB,REI,RegI ster TiTe or one of the virtual regrsters K5
a 5-bit value M1 an 11-bit Coprocessor Menory | (CML) nenory address Kill

11-bit .nst ' Qb ; f t f
b oy T L O Sy g 2, [ or o

Function: Logical AND the contents of register RI1 with the contents
10 of register RI2.

OR_K(WB,RI1,K5)

Cycles: 1 for results to virtual register acc 24;
2 for results to any other register.
Function: Logical OR the contents of register RI1 with the constant
16 K5.

OR_R(WB,RI1,RI2)

Cycles: 1 for resuits to virtual register acc 24;
2 for results to any other register.
Function: Logical OR the contents of register RI1 with the contents of
20 register RI2. :

EXOR_K(WB,RI1,K5)

Cycles: 1 for results to virtual register acc 24;
2 for results to any other register.
Function: Exclusive-OR the contents of register RI1 with constant K5.
25 EXOR_R(WB,RI1,RI2)
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assenbly | anguage mmenonic for the instruction. WBis the value of the WB
field. Argl and Arg2 are operands as described in Table 6 above. Al cycle
counts akfg bd)e7dhx cl ock cycles for a 200 Miz VLx clock. 24 retiasSbb/iksse . SHEET

RULE 26 99/ 6788 . . ,
bCTT LSo5) 14%\6AP%DK( VB, RIPT [8§ults to vittual register,ace 244t s to virtual
register acc 24; 2 for £4QUIGSUISAALARY Sther regisiaranli e register (typically

in the 5 . . reqgister file 20). Function: Add const ant
K5 and the ESRCERDS of Eéa‘iuﬂ‘@*%ihe cRateNts: of regigters Ryl mnskR1id apy

Descri ption: The exanpl plasgniesults indhecacrumdlatdfe contents of register

t basel2. The result of the operation is available in the acc 10

virtual register 24 in the followng cycle. ADDR(WB,RI I, R 2) Cycles: 1
forsresul t s QOPY OPERATIONSter acc 24; 2 for results to any other

regi ster. Function: Add the contents of register Rl2 and the contents of
15 regi ster R11. Exanpl e: ADD R(1, pctype, acc)

Description__The exanple suns the contents of the virtual register acc 24
with the coSERREGIWBRI1aeg)st er synbolically addressed as pctype and
makes the results available in the virtual 20 regi ster
acc 24 in tGydedsequent! foycesultsitol virtudiregisteypecrddgi ster for use in 2
cycles. SUB K(WB, Rl , KDfopyebeits to any dihkprregited.ts to virtual register
acc;

Function: Copy accumulator contents to register Ri1.
10 Example: SETREG(1,5,acc)

Description: The example copies the contents of the virtual register acc
24 to register 5. Note that WB = 0 causes no action and is
functionally equivalent to a NOP.

SET_K(K11)
15 Cycles: 1 for results to virtual register acc 24,
' 2 for results to any other register.
Function: Copy the 11-bit constant K11 into the virtual register acc
24,

Example: SET_K(0b0000001000)

20 Description: Set virtual register acc 24 to value 0b0000001000.

READ_R(WB,RI1,RI2)

Cycles: 1 for results to virtual register acc 24;
2 for results to any other register.
Function: Read value into register Ri1 from CM1 location addressed
25 by the contents of RI2.

Example: READ_R(W,resa,acc)

29

SUBSTITUTE SHEET (RULE 26)



2 for results to any other register. 25 Functi on: Subt r act
constant K5 fromthe contents of register Rhl. Note that SUB nay be use to

negate a |n.one step by using the iszero virtual regi ply
t he const\éﬂ{)gglgjf%gfal_l ows one step negation using SUBK(Q, i sz?ﬁ"‘ggg&)‘fé&e
Exanpl e: Qasqiptiane, Spt ¥8!uBUBSEIIRIEE resEETVEIREIIE RAM[acc)WD 99/ 67883
PCT/ US99/ 14560. Description: Subtract 1 fromthe virtual register acc 24
and nake the results available in acc 24 for the next instruction.

SUBR(WB, RIl ,RI2) Cycles: | for results to virtual register acc 24; 5

2 for result WW?WM the contents of
regi ster R12 B 1, egister RI 1. Exanple: SUB R(0, 5, 3)
SHLK(WB, Rl 1, K5) 10 Cycl es: . | for results to virtual register
acc 24; 2 forCYdes) ts toldayresults to vigiual segistereca 24; Shift contents
of register Rhl left by 2 fonmesultsofo Bhyotheuedgistert he val ue at bit
positions 0:3 of K5. All shift operations result in zeros being shifted in
to fill vacarftungtion: Not $Vriteavallis of RI1 into CM1 at location atideessddigy @hebit 4
of K5 controls whet her ergdhtgntswiiong i s done before the shift operation,
as follows: Value of K5[4] = 1. endian swap then shift |eft bynunber of
bits = K5[3:0] O : only shift left by nunber of bits = K5[3:0].

BEQO(K11)
Cycles: 3 NOPs until target is loaded.
10 Function: Branch to location K11 if virtual register acc 24 is 0.

Example: BEQO(0Ob000011110101)

GOTO(K11)
Cycles: 3 NOPs until target is loaded.
Function: Goto location K11.

15 Example: GOTO(0b00000000011)

Description: Sets program counter to 0b00000000011.

BGTO

Cycles: 3 NOPs until target is loaded.

Function: If virtual register acc > 0 then branch to location K11.
20 Example: BGTO(jumploc1)

BRACIND(WB,RI1,K5)

Cycles: 3 NOPs until target is loaded.
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20 SHL_R(WB, RI I, Rl 2) Cycl es: 1 for results to virtual

regi ster acc 24; 2 for results to any other register. Function: Shi ft
contents efopwersst er at index Rhl left by a nunber of bits REEHISP9H45e
value at bit positions 0:3 in register R12. 25 (That

I's, shifts may be fromO to 15 bits.) Al shift operations result in zeros

belng shifted i1
contents of reﬁéﬁrs1 t%'i R12 con%; E}?%ﬁ %%.{&ES%Q%WEE{%A@%M&Q% 129 Asoghﬁc&'
the shift operation: ontr € usermas ‘8

contents = |: endian svvap qanditions 1q testdp Etfb‘%/caﬂﬁ ion bﬁ&@&j er@ a"eofﬁLSF
shift right by amount = RIDpWally-exgusivBOrewDsorgqaditions ithe) a panicular
99/ 67883 condition group, the BRACIND mstm;:trqm)t farsep to

SHR K(WB, RI I, K6) Cycles: three tohditionsssiimutaneousiy. uAll ofdhe simuitaneodly 2
for resuits to any other rtégteﬁi@dsnduﬁungtmost be trudhinf drderdbt tHd BrastH enba of

register RI1 by K5 bits. Abke ﬁ bde stmatlon will be the addre%ﬁ%b ggsult
in zeros being shifted |n

Helld ul) eYé‘ btﬁm H%eecﬁﬂér r nf ter
whet h d
Cor agLe Vafﬂeegfeﬂs'[i]n SV‘\Pf‘? i he wﬁs"qﬁéﬁ” b;pggrmuln? L

K5[3:0] 10 =0 its =
K31 3: 0] . Examp B See ran%%%ﬁcﬂlnénsig rdt detbiiedy RIYHte R is!
WB =1 If branch condition is detected, put the current PC value in
RI1. (This allows setup for return from a subroutine cail.)
15 K5: Mask value comprised of four mutually-exclusive groups.

Each group can test for up to three conditions
simultaneously.

The test conditions are as follows:

TABLE Xi

Cond. | Cond. Name | K& Value |Cond. Description

Group
Group 1| C_gbpend 00100 |Whether any 10 Bus event is pending
C_gbloopp 00010 |[Reserved — special function

C_dts 00001 {Whether a DTS continue is allowed
Group 2| C_gbstall 01100 |Whether the GetBits engine is stalled
C_eq0 01010 |Whether current results =0

C_4eq0 01001 [Whether rightmost 4 bits of current results = 0
Group 3| C_always 10100 JAlways take branch
C_8eq0 10010 |Whether rightmost 8 bits of current result = 0

C_lIsb 10001__|Whether register file inputis ! = 0
Group 4| C_gbstall2 | 11100 |same as Gbstall
C_ito 11010 |Whether current results < 0
C_gt0 11001 |Whether current results > 0
20
The following operations can be tested simuitaneously:
. C_gbpend, C_gbloop, C_dts
. C_gbstall, C_eq0, C_4eq0
. C_always, C_8eq0, C_Isb
25 . C_gbstali2, C_It0, C_gt0.
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Exanpl es of SHR-K Instructi on OPERATI ON JDATA

RESULT | 1110 0000 0000 1011 SHR _K(GO, acc, Gbl COOO) 1101 0000 0000 0111 0
Si mpl e | endi an swap SHRK( O, acc, Gb 1 10 0

1101 0000 A Men shift right 8 bits SHRK(O ace, hOLO0O) qi(?gé'g@ggé_%glllo

0000 Sinpl e s wayrtoggredfyosimultangous testing ey ives that thexgjorggenanding 1
for results to virtual regitstoe satapprpriatélyr Fersexamptey Qimeql Isealso

regi ster. Function: ShidefinedgHfhishe t@oir'éng of bits fegCsitoraraf Ci ge@x R11 by
nunber of bits equal to the value in the register at R12. Al shift 20

oper ati ons r eddescriptios: oSaree yasmplesad BRACHIND use aegzant bits. Note that

the value of bit 4 of the i 0 ol s, whet her, endi an
svvappigng i s done before t@%&ﬂg& ?(%';%tragﬁgSﬁbe%é% fsoaé{r%yu%aqtﬁtayit 4 of
R12 contents = 25 handler routine. “1. "endian swap then shift right by
amount = R12[3:0J O0: only shift right by amobunt = R12[3:0]. 27 SUBSTI TUTE
SHEET (R/ULE 26) }/\389%{ fi‘?%gfning flrom a subroutilnef call (see ll'otutinte in l.inq[ ablove).
PCTI US99/ 14560 ANDK , ¢l es: L. or, results to virtua
register acc 24; 2 for re?dﬁpgm%tma&%nahegi%ﬁss and using this to
10 control the program flow.

READ_GB_K(WB,K1,K2)

Cycles: 4 cycles, depending upon K1 value. K1 value of G_hwmot
will cause results not to be available until up to 8 cycles
15 later.
Function: Send value of K1 and K2 to the GB engine 18.

READ_GB_R(0,K1,RI2)
Cycles: 4-8 cycles depending on value of K1

20 All programmer-controlled configuration and control of the GB engine 18 is
done by means of the CPU 16 writing a 16-bit control word directly to the GB
engine 18. lt uses this value to:

e Set the GB 18 operating mode

» Cause a new symbol to be processed

25 The GB engine 18 results are accessed by the CPU 16 through the virtual
registers. Types of data that are accessible in this way include:

» symbol buffer contents (16 bits) in virtual register symbol 36

e number of ieading zeros /ones in virtual register nzero (not shown in

%

Figure 2)
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Functi on: Logi cal AND the contents of register Rhl with the constant 5
K5. ANDR(WB, RI 1, Rl 2) Cycl es: 1 for results to virtual register acc

24; 2 fo%ég??lws;‘; to any other register. Function: Logip@-l/us%@‘ggsgs

contents egister R11 with the contents 10
regi ster R12. ORK(WB, RI'1 , K5) Cycl es: 1 for results to virtual

regi st ; I to any other register. Function: Logi cal
éretéftgncgém ahd Anfgs@?'éﬂh%l

OR the con s of regi with the constant 15
K5. ORR(WB,RIl ,RI2) Cycles: 1 for results to virtual register ace
24; 2 for résunestivnedmresicusty,tbgiGBeangifari@ isocontrolled agingrtw@R t he

oo ot instiesionmHEANESRK %Eé@%&@ﬂé.ﬁiﬁs- Al Getpie actyity is ceatrolled
By st S Biplhas Sp fiet Siment MU e sBiqiRiaeigtiient (13859 Es needed.

EXORR( WheRiable BeR)w igtsStRAMANGE SHEET ( RULE 26) WD 99/ 67883

PCTf US99/ 14560. Cycl es: 1 for results to virtual register acc 24; 2
for results to any other register. Function: Excl usive-OR the contents
of registers Rhl and R12 and TABLE XlI

GetBits Commands

Assembler K2 or RI2 Value[Meaning

symbolic

reference (K1

value)

G_dct 0 DCT operations

G_revsym len Advance input bitstream len bits, return the

next 16 bits with bits reversed in virtual
register symbol, and the count of leading
ones or zeros in the virtual register nzero
G_getsym len Advance input bitstream len bits, return the
next 16 bits in virtual register symbol and
the count of leading ones or zeros in the
virtual register nzero

G_align mask Align input and/or output bitstreams on
byte boundary. The mask value specifies
whether input or output or both bitstreams
are aligned. Alignment of input bitstream
may cause values to be reread. Alignment
of output bitstream may cause truncation.

G_setopt see G_setopt [Set GB options
details
G_splice num Splice num bits of data into the output
bitstream
G_hwace see G_hwacc |[Use specified hardware accelerated table
_ details for interpreting current symbol value
G_adv2 unused Shift the input stream by the length

computed in the previous G_hwacc
G_hwmot, G_hwlum, or G_hwchr function.
G_write 0..15 Read or Set I/O channel information

10
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pl ace results in the accunul ator. 5 COPY OPERATI ONS SETREG VBRI 1

,acc) Cycl es: for results to virtual register acc 24; 2 for results
to any ot her ster Functi on: Copy accunul ator conte ster
R 1. 10W099’673g3E>< mpl e: SETREG( 1, 5, acc) Descri pti on: T%tecsrélls}(gag%{% ebcopl es

t he contentﬁ_(wrltme virtual register acc 24 to register 5. Note that W56 = 0

causes no a is,.fungti I equi val SET 1

e 606, e sBts BB6 5808 b Sl PafiEh o8 G5'enaifd Yeleste " o

any ot Wat'@&tb%@éan@@ﬁiﬂe@@ (FlgurQOK)Yar@@ffééte i By €N Jﬁﬂtad@éutﬁﬁto the

virtual register acc 24. anple SET K(b0000001000) 20

Descri pequests Snd the cument e@tsmrthacnpauam amputepmm@ss(]@woo READ

RIWB, Rl ,R 1 for suI s to virtual 4. 2 for

T T o e usTe of 1 s sUnHlid B8 the seLabl SndtaubRtic SF B el

from t P ttdY td e of R12.

Eeaml S DAE R AReHeteT Soffiouption 'T“J%fEmng'EET*S PR 13 e G RS 2

PCTI US9®/. 1Wieh damtue pf i®ns sBppliedlascthenseeand vperatéss thevadroent n RAM acc]

VRITE R%V\?guration o] 2he GB engine 18 for this information is returned in the symbol/
register 36.

10 The value to write is taken from the decoded RI1 value of the instruction

subsequent to the READ_GB_x in the VLx instruction stream. The value is

interpreted as:

bit 15 - If set, do not generate output as input bitstream is shifted.
bit 14 - If set, turn allow output bitstream to be written to output buffer 44.

15 bit 13 - If set, count only what is specified in bit 12. This applies to the
counting of leading ones or zeros. If clear, this specifies that the number of
leading ones or zeros (depending on value of first bit in current symbol) will be
counted and returned in virtual register nzero for GetBits operations that cause
this counting to oceur. '

20 bit 12 - If bit 13 is set, this specifies to count only leading zeros if bit 12 is
clear, otherwise, count only leading ones.

bits 11:6 - The DS buffer ID from which the input stream is drawn
bits 5:0 - The DS buffer ID to which the output stream is sent.

For example, the following example shows configuration of the input and
25 output streams:

# configuration information is at offset L_GBDATA
SET_K(L_GBDATA);
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Cycl es: 1 for results to virtual register acc 24; 5

2 for results to any other register. Function: Wite value of Rul into
CML at td Qg sgddressed by the contents of R12. BEQO K1 lpctfxsberssses . 3
NOPs unt| target is |l oad Funct i on; Branch to | ocation K11

if virtual regi st’éfe%‘ééh'éﬁopggﬁrat'ﬂﬁdﬂfﬂ @Q'Stergﬁefxd)mm 1 1 100101)

GOTQ(K1 1) Cycl es il target is |oaded. Function: Got o
| ocation K1 1. READ R&VW ?HH) GOTQ( GbOCO00000001 1) Descri pti on:

Sets program coun#arcyche Gi@ﬁ@,@ﬁﬁ(m@rﬂdlopé}ﬁﬂ’&(ycl es: 3 NOPs until
target is |oaded._ Function: If virtual register acc > 0 then branch to
| ocation Kil 1. 20NOP(0tmp3Ampd) e: BGTQ unpl ocl) BRACI ND(WB, RI 1 , K5)

| 3 t : .30 SUBSTI TUTE SHEET (RULE 26
Vq\/oc 958 7 67883 NOBSwiR!the doRfigGlatioh ihRiHiEion BCT/ U(899 1 456)0

Functi on: The READHGEKY0IG onnte,1)ndi# Pariteivadie OCtdavalueV) des branch
control. The user nmask K5 used To determ ne which conditions to test for

the conditional bARROR(OeRAZtAPE)f our #Shelap orkfid @BiGewgtoups or
diti . Wthi ' ) Lt , th
BRAG ND st 1 ot | APRDRIG GRS heY ¢ ok Sstu R IR QR EMIRonsty AT of

the sinul taneousl WDD_R(0,tmp3,tmp3); # Set up port for GB G_write
10
G_setopt
The G_setopt command configures the mode of the GB engine 18. This
tells the GB engine 18 information such as whether to count 1's or 0's for the
symbol processing, and whether input or output I/O is enabled. The

15 configuration information is passed as the value of K2 or RI2.

Configuration is dependent on the setting of particular bits:
Bit 5:setto 0
Bit 4. if set to 1, force DCT processing mode
Bit 3: what to count as leading bits: 0 or 1
20 Bit 2: if O, count both 0 or 1; if 1 count only what isin Bit 3
Bit 1: if 1, do not read any more of input stream into input buffer 42
Bit 0: if 1, do not generate any output to output buffer 44

For example, the following example shows configuration of GetBits

READ_GB_K(0,G_setopt, 0b00101); # Write output, count Os
25
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tested conditions nust be true in order for the branch to be taken. The

destination will be the address whose value is held in the register file
RHL. Th r t program counter 10 i ] be
Wi tterﬁ?%g/ﬁﬁ?if WB is set. WB =0 I f branch condiﬁcialléﬁf%gén“#&'

det e&.SBYSHM content i s unchanged. WB =1 | f branch condition is

detected, put the current PC value in RI1. (This allows setup for return
from a sulghititiher tRI2 bits fom the inputihuffer 42. Retubfshe Walktq a0t fi sed of
four ,ut ual | y-exclusiyv r oups, E%ﬁCh roup can test for up to three
condths Gt aT Hbﬁglfg‘.’e"ﬁﬁé Pl ToBY e Yigha! aeaister $Ymbola6. TABLE Xi
Cond. Cond. Nane K5 Val ue | Cond. Description G oup I
Goup 1 Cgbpend 00100 |Whether any 10 Bus event is pending C _gbl oopp
0@01%1ﬁ§@/ed - special function C dts 00001 Whether a DTS conti nue
IS al oup 2 Cgbstall 01100 Whether the GetBits engine is stalled
C eqO Stﬂﬂ%@orﬂ%%iﬁeﬁoﬁﬂfﬁéﬁ\blﬁ%i}(i)‘ietgoﬁr%ﬁe&?gﬁnbol. ﬁéﬁ.%ltg Vet her

rightnost 4 bits of current results = oup CQal ways Al ways
t ake Nex&Orbitssagcurrent syotn) in Wihe siyerbalivistt albegistebidts of current result =

;

0 Clsb 10001 Whether register file input is! =0 Goup 4 Cgbhstal[2
11100 Isane as CGbstall -1tO 11010 Whether current results <01 CgtO
1100k 4dpdet her current results > 0 20 The fol l owi ng operations can be
tested sinultaneously: * C..._gbpend, C gbloop, Cdts *

4o _gbst a'AIignCeﬁ}qQ th%—ﬁi%?n?bitstream or output bitstream or both on the nearest
byte alignment, causing truncation on output or re-read on input if not already

aligned. Splicing of padding bits prior to use of this instruction is recommended
for there to be no loss in data on output.

K2 or *RI2 specified whether to align input or output or both.
15 Bit 1: if set, align output bitstream

Bit 0: if set, align input bitstream

G_splice

Splice in a specified number of bits from a specified value into the output

20 Dbitstream. The K2 or *RI2 specifies the number of bits to be spliced into the
output stream.

Splice data is provided to the GB engine 18 by the result of the instruction
immediately subsequent to the READ_GB_x. GetBits splices this data Most
Significant Bit first starting at bit 15.

25 For example, the following example shows splicing of data into the output f
stream:

READ_GB_K(0,G_splice,16); # splice 16 Os
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* C al ways, C 8eqO C.lsb 25 * C. gbstal | 2,
Clto CgtO 31 SUBSTI TUTE SHEET (RULE 26) WD 99167883

PCTI US99 3The way to specify sinultaneous testing reguor/ius9stdsas .t he
i

correspon et ap riately. For exanple, CneqOis also
defined. This i éé-ﬁeﬁ@* i ng %F?és or C'tO and Cgto. Description: Some

exanpl es of BRACI ND use are: Checking for status of
GB. |f GB ikExampledady call stal | handl er routine. Returning froma
subroutine call (see routine in |ine above). Preconputing a destination
address and usi ngEAR_GB KNG _splice,4); #splice4 bits:fmmthe telsaltpr ogram f 1 ow.

of Chanot wi| 1 cABDLR(OSERIR Oor 1 HHTI, AN A BPURAIPVRS e BBy el os 15

| ater. Functi on: Send val ue of K1 and K2 to the GB engi ne 18.

REBDGB_R( O, Kxampig 3oycl es: 4-8 cycl es dependi ng on val ue of Kl 20

Al'l programmer-controlled configuration and control of the GB engine 18 is
done by neans of READ (BB R0, ispliog,emcsPm); t #txpimedénmhw 8ibitact |y to the

GB engine 18. It this valye to: * Set the erating node * Cause
a new symbol to §E‘§;jﬁ 5 # meyesdgng ?er° &t?esul ts are
accessed by the CPU 16 through the virtual registers. Types of data that

are aceepsild gqden this way include:

This is for DCT processing of symbols. The activity performed by the GB
10 engine 18 occurs in multiple cycles.

G_hwacc

The G_hwacc functions causes the GB engine 18 to decode the current
virtual register symbol value against the specified hardware accelerated MPEG2
15 table and return the value of that table:

K2 or R2 Value Returned value in virtual register symbol 36

G_hwchr Bits 3:0 contain the length of the decoded
symbol

Bits 15:4 contain the
dct_dc_size_chrominance value in UIMSB
order (bitreversed) that corresponds with the
variable length code in the virtual register
symbol 36

G_hwlum Bits 3:0 contain the iength of the decoded
symbol

Bits 15:4 contain the dct_dc_size_luminance
value in UIMSB order (bit reversed) that

37

SUBSTITUTE SHEET (RULE 26)



* synbol buffer contents (16 bits) in virtual register synbol 36 * nunber
of | eading zeros Jones in virtual register nzero (not shown in Figure 2) 32

SUBSTI T (RULE 26) WD 99/ 67883 PCT/US99/14560
PCTlUSME% GetBits Oom*rand%@ggurrents ment i oned previously, the GB -

engine 18 is cont r SOrE&PPEETS ¢ Y&riable jength 9edeDm™BK and READGBR All
GetBits activity |§h§dfr‘fft‘|ﬂ%ilﬂegdﬁt§§/$5ml@’@@nstant as the first argument plus
a secondary argunment of a type as needed. The table below |ists conmands.
TABLE XMinGt Bi t s @tmAibisontaire tire signed iteger valueval ue Meani ng synbolic
reference (Kl val uahotodcode value foDthe decode variabld operations G revsym

| en Advargagtheode in tisd vetuallregistet Sympey@en the next 16 bits
with bits reversed |n virtual register synbol, and the count of |eading
ones or zeros in tkB?th’ﬂEt&lébnfa%l'tﬁé%ot"@rﬂ@ss@hﬂ?hﬁMWSB I en

Advance input bitstgeambeieg |,. éqﬁ ). " PheERofiof r@§8Lal® bits in virtual

regi ster synbol anqen t %ugﬁpa Foa‘ﬂ'w@é)@ﬁ 1n%r1§eé’s é n the virtual

regi ster nzero G al | and/ or out put

bi tstreams on byte %HH&H#Q

ingiuction that fBllpwes

hwacc G hwmot

G_nzpa Bits 4:0 contain the results of taking the
current virtual register symbol value, shifting
out the number of bits specified by the virtual
register nzero plus 1. Only the next 5 bits of
the symbol are returned in the virtual register
symbol 36.

G_mbi Bits 4:0 contain the length of the decoded
symbol

Bits 10:5 contain the macroblock_type
interpreted for |-pictures using the current
value of the virtual register symbol 36 as the
variable length code.

G_mbp Bits 4:0 contain the Iength of the decoded
symbol

Bits 10:5 contain the macroblock_type
interpreted for P-pictures using the current
value of the virtual register symbol 36 as the
variable length code.

G_mbb Bits 4:0 contain the length of the decoded
symbol

Bits 10:5 contain the macroblock_type
interpreted for B-pictures using the current
value of the virtual register symbol 36 as the
variable length code.

G_mai Bits 4:0 contain the length of the decoded
symbol

Bits 10:5 contain the
macroblock_address_increment using the
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whet her input or output or both bitstreans are aligned. Alignnment of input
bi tstream may cause values to be reread. Alignnent _of output bitstream may

cause trunggisbheikss G set opt see Gsetopt Set GB options glefBtdof4s60 .
____ Gsplice lLice.numbits of d to the output

num S ta .
bi t stream G _hwacc cur V@‘Q@ﬁ@éhe “%'d’@@i'?tﬁééyﬁa?cgvﬁe accel er at ed
table details ore§ W&y erigneth Fefe. synbol val ue G adv2

unused Shift the input streamby the |ength conputed in the previous
Ghwacc Gh@Rt, G hw URits 60 epntainthe lergthoef the deeeded 10- 15

Read or Set 1/0 channé8ymb@lor mati on 10 33 SUBSTI TUTE SHEET ( RULE 26) WD
99(67883 PCT/ US99/ 14560 .
Gwite The Gmite setBitari0:5 cadtain libe codieidy iietk_pattedrnt he GB engi ne 18 as
to what Data Streaner Usihfahs cufeninalde ofitiee afirfteslt registert he i nput and

out put requests and thgmpbr $&assthalvaridblehengiPeédénd out put processing. 5
When a value of '"1' is supplied as the second operation (K2 or R 2 val ue),

the Data Streamer buffer configuration information is witten to the GB
engi ne 18. Wien a value of '0" is supplied as the second operation, the
current configuration of the GB engine 18 for this information is returned

I n the synbol register 36. 10 The value to wite is taken fromthe
decoded RI1 value of the instruction
G_adv2

Advance the input stream by the value calculated as a result of the
S previous G_hwacc, G_hwmot, G_hwlum, or G_hwchr value. The next 16 bits are

returned as the virtual register symbol value.

IOIF(W,RI1,K5)

Cycles: 1

Function: This command is primarily used to send issue directives to
10 external devices and to control some of the CPU internals.

(IO plus Internal interface)

Example: The IOIF instruction can be used two ways; the mode is
chosen by the value of the K5 operand as follows:
K5 = 2: perform DsContinue
15 K& = 5: perform Fastbranch operation

DsContinue: For the DsContinue mode, RI1 must be a 6 bit value that
indicates the DataStreamer channe! ID that a DTS
Continue will be sent to.

IOIF fastbranch:  Fastbranch operation allows the CPU to iterate in
20 place using its instruction buffer only. This both eliminates
calls to the RAM for instructions and provides a no-delay
branch to the top of the loop. For this mode, a control value
must be placed in the accumulator prior to executing the
IOIF instruction. This control value defines loop size.

25 Example of IOIFfastbranch:
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subsequent to the READGBx in the VLx instruction stream The value is

Interpreted as: bit 15 - |If set, do not generate output as input bitst ream
is shifted. bit 14 - If set, turn allow output bitstreamto ‘i‘/(ygb/rlss%ﬁ
out put buf¥@P/eA83 15 bit 13 - If set, count only i's speciiie

in bit 12. This applies ForaHoopdbat engcmﬂeSI@mtng:tmtm cndlecneedlé tel ear
this specifies that the bardpecifigd beddilogspnes or zeros (depending on val ue
of first bit in current synbol) will be counted and returned in virtual

regi ster nzero for GetBits operations that cause this counting to occur. 20
bit 12 - |If

bit 12 is cl P P r Wi se count only | eading ones. bits 11:6 - The DS
buffer 1D from which the input streamis drawn bits 5:0 - The DS buffer 1D
to which the Opdlestt stregm is sent. For exanple, the follow ng exanple
shows configuration of the input and 25 output streans: # configuration

information is at offset LGBDATA SET K(L_GBDATA); 34 SUBSTI TUTE SHEET ( RULE °
26) 5 WO 99/FBmEd®N: This instruction provides a No-Op

PCT/ US99/ 14560. # read this configuration into register tnp3

fwrite tho doRTBIFL i ARG Er T Rak R AR MR B B t eval ueo
readval ue I ADDR(O t np3, t nmp3); # Set up port for GB Gwuite
ADDR( O, t np3, tDps¢tiptiontt 3¢ vigibleaserfationGB gamarired.

DCT MODE

10 The GB engine 18 of the VLx processor 12 is capable of extremely

efficient variable-length symbol parsing. This works in the following way:

Each variable length symbol is grouped in terms of the number q_f leading
zeros or leading ones. The choice between leading zeros or ones is determined
in advance and set as an option to the GB 18.

15 Variable Length Decode (VLD) Lookup Tables (LUTs) (not shown in
Figure 2) are then set up with one LUT per symbol group (ie. One LUT for all the
symbols with zero leading zeros, one LUT for all symbols with 1 leading one, one
LUT for all symbols with 2 leading ones — etc...). For MPEG video, variable-
length symbols are used to represent run and level pair, which can be further

20 processed into DCT coefficients. For MPEG2 there are 13 different group (ie 13
different LUTs) required. The VLx processor 12 maintains 13 special registers
called tbase 0-12 (not shown in Figure 2). These tbase registers are meant to be

set to the addresses of the 13 different LUTs. Each tbase register must be set in
the following fashion;

25 Bit 15 => 1 :0 leading 1’s or 0’s

0: 1 or more leading 1's or 0's
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ADDR( O, t np3, t np3) ; # Set up port for GB Gmite 10 G setopt The Gsetopt
command configures the node of the (B engine 18. This tells the GB engi ne

18 inforr‘ra;d'ﬁr/]5 §8gch as whether to count 1's or Os for the pyfRabsi4aseo .
processi ng, @nd whether input or output I/Ois enahled. The 15

confi gur at i dits Afotrlides dases? phthe aumbenef slgmantsfinthe gorpagponding
Config}r@.fion I s dependent on the setting of particular bits: Bit 5 set to
0 Bit &471f set to 1, force DCT processing node Bit 3: what to count as

| eading bits: 0 or 1 20 Bit 2: if 0, count both O or 1; if 1 count
only what i SBit$)18:0; Ad@tdsslof the LWUTdoe Gt read any nore of input stream
into input buffer 42 Bit O0: if 1, do not generate any output to out put

buf fer 44 For exanple, the follow ng exanple shows cgnfiguration of GetBits
READGBK( OG- s Bh@ feblesbemsejvessarg seRimin wp,eczﬁimv-oﬁ hississbe

SHEET ( . WD 99/67883
PCT. Usﬁjkggé@%_revsym Shift K2 or *R12 bits fromthe input buffer 42.

Return the next 16 bits in the input buffer 42 in bit reversed order into

the virtual feg kKiokataliitie sPmbols wilfio2 legdinGdrosKdeohavd:2 bits fromthe
I nput buffer for the next synmbol. Return the next 16 bits as current synbol

I n the synbol 6i rtual register 36. Galign 10 Align either the input
bi t st ream or 0% g%ut bitstream or both on the nearest

011s
0101s

10 Where s is the sign bit which follows the symbol (it can be either O or 1
depending on the sign of the decoded DCT coefficient).

After the leading zeros, there is always a 1. This one need not be
represented in the LUT since it is redundant. The GB 18 will automatically look
only at the symbol past this redundant 1. Also the sign bit is not decoded via

15  LUT but simply appended after it has been read from the table. The number of
entries in the LUT is determined by looking at the longest symbol in a group.
The bits between the redundant 1 and the sign bit are bit-reversed and then are
used as the index into the LUT by the GB 18. In our example, the longest
symbol is 0100s. There are 2 bits between the redundant 1 and the sign bit.

20  This the LUT for symbols with 1 leading zero will have a 2-bit index (ie there will
be 4 entries). In constructing the table, all symbols. shorter than the longest

symbol should be padded with don't care bits. In our example we then have:

0100s
O11sx
25 0101s

Each entry in the LUT is 16 bits and encodes the run, level and symbol
length, which correspond to the symbol. The run is encoded in 5 bits, the level in
6, and the length in 5 bits. The actual LUT in this case thus looks like:
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byte alignnment, causing truncation on output or re-read on input if not
already aligned. Splicing of padding bits prior to use of this instruction

is recommended_for there to be no loss in data on output. KgcPiisdoikdeo .
specifieawméltﬁmg to align input or output or both. 15 Bit 1. if

set, align &UHINDEX 6t rR0AMHQ0AR00G1Gb#runst DdavE @hien=05 fsymkol=G800s! i ce
Splice in a el N ' a specifi valye intqg out put
20 bitotr 43t RS OGS adtiide | AE RS HiRke lan e dbvrb dbdTs c et
into the out . \ ' A<l o) = AR = t he
result of tthgTrll‘quEt?gg'ogmwn@n@i@g?%msﬁm%ugﬂtevt o‘F ﬁ(ﬁﬂ%ﬁa 2@9 |¥ts
splices thi LUBINDEX3: DGO 10000160100 #ren= dtlevei higret 4Hdymibol=D3 1s

oo ReAYel e 18 ersl Se7bn (e hudh s e Pichedb el shbee Rl e
26 9946 , .
PC2I'/ Uséé\?l b Zg%gét}ﬁ(d&n;tcare bits. value is 0 Exanple 2:
READGB_K( O, GBpte e the tablephresetufithe GBom8 ihreadisid paeDKeBwrabbis. O) |
# using an ALU op to provide the_data 5 Exanmple 3: .
READGERNBENSS B0 i Eymgde viah READABL K poRRAGINI R bGPl
I f 5 . t bS, . '
Toves  WiitdhBills He BRBed® witing el nTRber oF 14 AinG76rBE RBREYRR)°

10 The GB 18 then determines which LUT to use based on the number of leading

zeros. The tbase register (not shown in Figure 2) corresponding to the chosen
LUT is used to figure out the LUT address and how many bits in the Symbols to
use as the LUT index. The index is then extracted and bit reversed. The
resulting LUT index is then used to make the lookup. The lookup result is then
15 used to drive the run and the level registers with the correct run and level values
which correspond to the symbol being decoded. The length value is used to
extract the sign bit and to drive the dct sign register with the value of the sign bit.
Finally the length value is used to advance the bitstream to a new symbol.
Escape codes and EOB are denoted by setting level to 0. |f the GB 18 is
20 Dbeing put into DCT mode via the BRACIND instruction, then the branch will
actually take effect only when level is zero. In this way a DCT tight loop can be
setup such that a branching outside the loop occurs on EOB or escape code.
From the foregoing it will be appreciated that, although specific
embodiments of the invention have been described herein for purposes of

25 illustration, various modifications may be made without deviating from the spirit
and scope of the invention.
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10 engine 18 occurs in nmultiple cycles. G hwacc The Ghwacc functions causes
the GB engine 18 to decode the current virtual register synbol val ue

agai nst tweospess3d i ed hardware accel erated MPER 15 table a%-lr,ﬁgdghgsstohe
val ue of that table: K2 or R2 Value Returned value in virtual register
synbol 36 G hwchr Bits 3:0 contain the Il ength of the decoded synbol
Bits 15:4 contain the dct dc size chrom nance value in U MSB order
(bitreversed) that corresponds with the variable length code in the virtua
regi ster-synbol 36 G hwl um Bits 3.0 contain the length of the
decoded synbol Bits 15:4 contain the dct dcsizel um nance value in U MSB
order (bit reversed) that 37 SUBSTI TUTE SHEET ( RULE 26) WD 99167883

PCTf US99/ 14560 corresponds with the variable |Iength code in the virtual

regi ster synbol 36 G_hwnhot Bits 7:0 contain the signed integer val ue
notion code value for the decode variable |l ength code in the virtual

regi ster synbol 36 Bits 15:8 contain the notion residual in U MSB order
(bitreversed). The notion residual length is supplied to the GB engine 18
as the

APPENDIX A
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result of the 3rd-6th instruction that follows the READGB
x(0, G_ hwacc, G hwot). G nzpa Bits 4:0 contain the results of taking

t he curre@g)g\étﬁggsgal regi ster synbol value, shifting out thepdypiiBsi48de. it s

specified he virtual register nzero plus 1. Only the next 5 bits of the
synbol are returned In the V|rtual regli ster synmbol 36. G nbi Bits
4.0 contain th } ¢§h hit t he

macr obl ockj tyé“"%ﬁf‘% ete b@%ﬁ%@@@@%@g’% e éﬁ?’g?f’% ue of the
virtual register synbol 36 as the vari abl e | ength code. G nbp Bits

4:0 contain the length of the decoded synbol Bits 10:5 contain the
macr obl ock type interpreted for P-pictures u5|ng the current val ue of the
virtual register synbol 36 as the variable |epgfth code. G _nbb Bits
4:0 contain the length of the decoded synbolf tegto 5 contain the

macr obl ockj type interpreted for B-picturesg usin ‘the current value of the
virtual register synbol 36 as the vari abl &) “i code. G _mmai Bits
4:0 contain the length of the decoded synbol*:Bits 10:5 contain the
macr obl ockaddr essi ncrenment using the 384 -

(=
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SUBSTI TUTE SHEET (RULE 26) WD 99/ 67883
PCT/ US99/ 14560 current value of the virtual register synbol 36 as the

vari abl e |wogbls7ssede. G _cbp Bits 4:0 contain the | engtiyseindsbe.
decoded synbol Bits 10:5 contain the codedhl ockpattern using the current

value of the virtual register synbol 36 as the variable I ength code. G adv2
Advance thd.i nfAbstraetm by the value calculated as a result of the 5 ,
previ ous Ghwacc, G hwrmot, G hwlium or Gwhr value. The next 16 bits are
returned as thé‘hwqhammdesoe esthe Mag 1000 5| Vaviable BengtiODEOMRI | | KS) Cycl es:

1 Functi on: Eppqdsr Paittilre Ths Vibr sreeprodrymmatdel usibopsiamided fosue directives to
10 interpreting g5, ¢Te1ing Pitdispme ¥ith ypebloleegheresidedone of the CPU
internals. (10 ﬁﬁaUS Internal interface) Exanple: The O F instruction can
be used two wayse vi)GiphRAEnt &e%%eﬁtmom%ceégkysn gl the KS operand as

follows: K5 = RuapPeud édrdNiles kighlylefd&ivd at processing or creating bit- K2 = 5: perform
Fast br anch Opel’s&‘édn&rhsMGﬂMmﬂﬂBorJPEG"W]&EE% Soditn hﬁuée node, R11 nust be a 6

bit val ue that Wi StLe D that a DTS Conti nue

will be sent tqe?ﬁ&f%%u%%?é%k& Sriitepite a0 ﬁ“sgrﬁ%tl”&tsftoﬂe al lows the CPU to
iterate in 20 pl ace u5| ng its instruction buffer only.
This both elimnates calls to the RAMfor instructions and provides a

no- del ay

4 Egquator Confidential
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branch to the top of the loop. For this node, a control value nust be

pl aced in the accunmul ator prior to executing the IOF instruction. This
control w“ahusesaki nes | oop size. 25 PR 450

| Ol Ff ast branch: 39 SUBSTI TUTE SHEET (RULE 26) WD 99167883
PCT(US99/14560. For a loop that executes 6 instructions, the code needs to
be specified aspfol {igfd dug{qgno 0) Cycles: | 5 Functi on:

This instruction prOV|des a No- Op. Exanpl e: NOP( 0, 0,0). (The operands
can be non-zero.) D?ﬁiGEhiﬁ 9R>v1d|éba Wisehiplich JTRRIMEI1000°s Samslel or med. DCT MODE
10 The GB enpingth Brito@d/Deddde YD) UG @GR A harkifesicfeatidpdtipre Oof extrenely
efficient vari abl e- tessigg bf Wistrbeais. Pbe ¥Laynit Theasnpiisedke ai 16-Uih&PY,0l | owi ng way:
Each variable | engt#PE?rﬁb‘OPH $h efpesBiseenaine -t thepfurigsions kea yrandsege of | eadi ng
zeros or |eading on s’“ O[SRRTRERSHPT MEHN 9T haisan brshated withs i s

determ ned in advan “Ydfi optiongtoz he GB 18. 15 Vari abl e
Lengt h Decode (VLD) Lookup Tables (LUTs) @not*EHown in Figure 2) are then

t ith uT > "--LUTf Il th mbol th
zer o |enti ng 2ohds, Wﬁwr@%aﬂt&rﬁ%ﬁm.. Peading one.one LUT

tﬁ 1 | eadi ng one, one LUT for

all synbols wth 2 agdi.ng. one ; F v| deo, variable- |length-
synbol s are used tolrrgegr”g‘gmﬁ émo“ A uéeq frzdéfntpdflrl}fs\%ralpc?ﬁ can be further 20

processed into DCT coeffl cie 3 i fferent group (ie
13 different LUTs) P&{uir ed. q&ﬁ{%e gr, | é:ﬁfd'“fé F}]l] %{‘i’ 523 speci al
regi sters called tbas«?‘metl

AS € rgure 2). These tbhase registers
are neant to be

A lossiess data compressron technique

coding by, i,

CM MAP100£) coprocessor memory; the VLx uses
coprocessor memory bank 1

CPU The ‘central processing unit of the VLx which supports

srmple “arithmetic and logical operations, control
o _operatrons load/store operations, and interactions
wrth the GB

The amplitude of a specific cosine basis function; the
. .~VLx can be programmed to extract these from MPEG
bitstreams as part of MPEG2 decode

Map1000 Data Streamer

VLx CPU loops on instructions already within the
instruction buffer and does not do instruction prefetch
from CM

MAP1000 coprocessor unit; the VLx shares use of
CM1 with the 3D graphics accelerator

GB GetBits engine; the 1/0O device portion of the VLx that
acts as a large bitshifter and which has specialized
MPEG2 decode features

JPEG Joint Photographic Experts Group
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set to the addresses of the 13 different LUTs. Each tbase register nust be
set in the follow ng fashion; 25 Bit 15 =>1 :0 leading 1's or 0's
0: 1 or moge !’9%)7%;19 |"s or 0's 40 SUBSTI TUTE SHEET (RULE 26pcrusd¥d4sso
99/ 67883 PCT/ US99/ 14560 - Bits
14-11: log base 2 of the nunber of elements in the corresponding LUT Bits

10-0: Address of the (;fst deg“&'?%aﬁing%plﬁs thensel ves are setup in a

special way. This is by exanple: If we ook at all the
synbols with 2 | eadi Pos, alessesydata@o@Bes<Br tect@bOds 10 , Wiere s

is the sign bit whic ows [ 1 dependi ng
on the sign of the dg‘?:%éeg DCI& e o}(ﬂba%/bh‘ ékfl?eesaéi Q&L %V% ros, there
is always a 1. This one need sr%rmg@ ﬁpgyce |t is
redundant. The GB 18 will aut qamp@wh_lcymmm{s m,l the synbol past this

15 LUT but sinply
nunber of entries in

redundant 1. Al so theMFsg(gn bi tM&t%nMurg%g%@
(£ 13'

appended after it ha
the LUT is determ ne §§$ook| ege 'iﬁ%%%ﬂ’ yn%ol in a group. The bits

bet ween the redundant™¥'s¥hd th%g%'ie&rﬁp‘HPPs%fP@s 'I‘-rever sed and then are used
as the index into theREUT by tWe r@istegtile pm@mng &(Mﬂ@nelﬁmrﬂmﬂgest synmbol
is 0100s. There are 2 bits betfReiEEs he re,duﬁ}dant 1 and the sign bit. 20
This the LUT for synbsjnsohi th ﬂ.vdrebddl!qmgthz;eq@nw dflbiththetchage 2mbarting ndex (i e

there will be 4 entries). In comsivenconad in hbitstragicaee X1C: asVibol s short er
than the | ongest virtual register that is the first 16 bits of the I/ input
buffer that can. optlonally be viewed in VLC represents
dependm_g'on GB operation

tbase registera general purpose register that holds the index to a
software tdble used by the GB for DCT processing.
Reg;g.t_ers r0:r12 are the tbase registers.

~a read 'only register value that is a view into some
- - state of the GetBits engine or the CPU; the view is
modifled by execution of instructions

video buffering verifier; a buffer that provides a
.“constraint on the variability of the data rate that an
* encoder may produce or a decoder consume

variable Jength coding; a reversible procedure for
coding that assigns shorter code-words to frequent
events and longer code-words to less frequent events

Variable Length Decode
Variable Length Encode
MAP1000 Variable Length Decode/Encode Unit
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synbol shoul d be padded with don't care bits. In our exanple we then have:
0100s 011 sx 25 0101s Each entry in the LUT is 16 bits and encodes

t he run, synmbol |ength, which correspond to the sypdpls run
is encoded&%ﬁggqﬁgt the level in 6, and the length in 5 bits. T%%ﬂg%o ual
LUT in this case thus | ooks I'ike: 41 SUBSTI TUTE SHEET ( RULE 26) WO

99/ 67883 2.2 Reference List PCT/ US99/ 14560. LUT | NDEX
0: 0000000001000101 #run= 0 lev= 2 len= 5 #synbol =0100s LUT | NDEX 1:
0000100000100100 #run= 1 IMRES2] ITET326285/1$60138082 Sn/brpmtipiNDEX 2:
0001000000100101 #run= Teélvwfqur neriy WWM@EGI@C’E{W“’FNDEX 3:
0000100000100100 #r un= Qplatqd fyqia Infor o’f 11s 5 Note that the

shorter synbols (Iike Olwcé’j?’éupﬁ%@l‘:z 4P6r 24l é";;"d’ﬁf’@‘iﬁd%’%w t he padding
of the don't care bits SN o] 3’50’5,1:.,,61 “eup, the GB 18 is ready
to parse the synbols. V\hen put into DCT nodgf ¥i a a READ-GB_K or BRACIND
i nstruction) the K o the BitgtFéam determ ne the number
of | eadi ng zeroszx%B b? Phig)s éyGB 18 tH n determ nes which LUT to use

based on the nunber ¢fe vg@@ﬁ £ % GESshed TOEHEDAS B1AODE [nEfecddilorShown i N

Fi gure 2) correspondeit@ding vif®ICIBARR BodeWbyihBoldSRH aé Dodd Gudenant the LUT

address and how many MBEGEbiistredrheT by ddoodetent @eypseessis itherehtlYTseqmelex. The i ndex

is then extracted andalbEtchrsgmbolsedtruchize xatisutht bingrebi/Takientleinterge-t hen used to

make the | ookup. Thetdtigokgp thesymbols that hhm‘i@“dﬂée“eﬂdt‘be wmbgeot he run and

the level registers W‘%‘I‘?a‘t%@i’&‘&’r Ef‘l P“\P jottdessditich correspond
m}% gt the sign

to the symbol being 8 °c§n'tfoell"‘r,‘ia oﬁ‘aﬂ ow::jt? ?rx A
bit and to drlvethe tra 3 Bt Cthe sign bit.
Finally the length Val0%060(;0300000000&000(?000100%0611t0!h(%lpl tstreamto a new synbol .

‘01'd shce start, code, macroblock type, or a number of other interpretations
dependmg on context

re stan code, lummance value of l chromxance value of 0, ora

interpretations dependmg on context

1 6‘§’l_uminance value of 4, chromiance value of 3, DCT coefficient value of 0
run, level 2, or a number of other interpretations depending on
context.

Figure 2-1. Example of MPEGZ2 symbol values

Data compression schemes, such as run-length encoding, Huffman
encoding or arithmetic encoding, use variable length codes that rep-
resent sequences of values in order to compress data in a lossless

Variable Length Decode/Encode UnitEquator Confidential 7
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Escape codes and EOB are denoted by setting level to 0. If the G 18 is 20
being put into DCT node via the BRACIND i nstruction, then the branch w |
actual ly tﬁgg ﬁ%{?gft only when level is zero. In this way a pEfukégiked 00p
can be set g hat a branching outside the | oop occurs on EOB or escape
code. Fromthe foregoing it wll be appreciated that, although specific
enbodi ments of ti§. Vid¥einiRisiBaYendRRNWIesOVPREE Behedetedor purposes of 25
il lustration, valiquebt doapiess €A1 (eastRlemior etrdiedBsivh, tahd décosbevi at i ng fromt he
spirit and scoperok (dehede) dateaftsrdransmliSi®UBSTI TUTE SHEET ( RULE 26) WO
99/ 67883 The VLx is a programmable engine dedicated to th'?:g&c%&%/ 14560 - APPENDI X A
43 SUBSTI TUTE Shifekds dflgu.nﬁin @) decodMvaIhbRA&Fth data such as that
PCT/ US99/ 14560. vHARAEMPEG\Bitstrealnl. hé progiatamiele acteselaliowglen Unit 4 ~ ~ ~
~~~~~ 9S9z~ ' .t .ehcade¢rordecier prog@fns ® beOwrdtten or adapted-over time to i
B~~~ e tc r_sugpoanew.fealL;Lesio.t;xsas.Ibg,VIaxproxide&ﬂexibiﬁt;;l|ir}x“he- u: Variabl e
cessing of i i ams and communicating with the

Leng>th eernoeyg;i lgﬁggVLﬁch%?e;&Ef %‘i%nt processing has been ichieved by

designing the hardware to minimize critical loops in processing vari-

able length data. In addition special purpose hardware supports
MPEG2 decode functionality.

For a task such decoding HDTV MPEG bitstreams, the VLx can be
programmed to perform the following types of activities

. Preprocess the MPEG bitstream 1o build structures that
define the higher level syntactic structure of the stream:
picture, slice, macroblock, etc.

. Decode DCT coefficients

. Filter a bitstream

. Create an MPEG bitstream

The design intent was to handle the following requirements:

. preparsing HDTV MPEG streams at 19.4 MBits/second into
an 8MBit VBV

. generating decimated coefficients to display HDTV at
MP@ML resolutions

. simultaneously handle encoding and decoding of MPEG
streams at MP@ML

. simultaneously handle multiple streams

8 Equator Confidential
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WD 99/ 67883

PCT/ US99/ 14560 1. Abstract This chapter describes the Map 1000 s Vari abl e
Lengt h De ofe7dgacoder Unit (VLx). The Vix is a programmebl@etsdenseo .
optimzed tor Interpreting or creating bitstreans with variable-length
encoded data. The VI x supplenents the VLI Wnature of processing on the Mp
1000 core. It i<.4i gFeptefdefMajordFunctiosrsdiChardactertsticsg bit- streans as
used in MPEG or JPEG with good performance. Wthin this docunent, the VX
ar chi tecture and i nsVLExcharagierisiéds agr samokesieed ib elgk. fodowing table and sec-

Equat or Confi denti al tias. WD 99167883

PCTI US99/ 14560 . 2. CO“BMQ;QUC[ rom T Ilt:u“hcﬁgﬁ.p[ er ipr ovides a ues ;r i ption of

t he I\/B.pl OO0 s Vari ablje _Cllyt A~Ereodert Jr ndl es
(igeg_titogpar pr ol-/((:)essﬁrbgCBU bi tstrearlb';’pcIr \ﬁfﬁ@f&é’:s reid ff?p"?l sied of a

- bi . an B fuptieAls as a very
| ar ge bit shifter, "ﬁi‘PB&E?‘?tﬁ“’cu T 9@%@?{?5' ﬁr‘f\urc\}o'lshm ~can _bel shared with
the Map 1000 VLI W coffgisterfile  pef nut%ﬁ%b'bfegfﬁ&ﬁr%ﬁt’faﬁaf Resere onf The
fol lowing notation ijs used frequent!y! A e:% ik ’E?:fte’ ?m: of The VLx
virtual register hollding the result dt; P?\& g Hafpd ket ??HT‘E?I 8f bdgi cal

instruction arithnetke -ASS-eSeH—
virtual registers " rga_d cnly view into special state of the

#| CPU,"GB input buffer, and CM load
S stagmg area

buffers for data transfer over the /O Bus;
- .I/O transfers are in 4 byte quantities

1Logically a large shifter processing data
sent and received over the 1/Q bus; also
includes special purpose hardware for
return of hardware-encode values for
specific MPEG2 VLCs

Optimized access path to Coprocessor
Memory (CM1), requiring that no other
FFU unit use CM1 while the ViLx is
operating (other units external to the FFU
can continue to access CM1, but VLx will
have prioritized access)

Table'2:1  Map1000 VLx characteristics

I/O Buffers

GeiBits engine

Variable Length Decode/Encode UnitEguator Confidential 9
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codi ng A loss ,data conpression technique CM MAPI OCO
coprocessor nenory; the VLx uses coprocessor nenory bank 1 CPU The
central progessi unit of the VLx which supports sinple aritphegiksoa06h .

| ogi cal ope&g’t%s%égg? control operaitions, |oad/store operations, an%
interactions T, {. wth the GB DCT The anplitude of a specific
cosi ne basi saf ungt L AR, ﬁd}g efficient -.VLx can be programmed to extract
t hese from MPEG ?éegq Pt?js)treans as part of MPE&R decode *0$ "O

Mapl000 Data St rgapREe éec@&tﬁsc%wconsty&%s i f#a?r%@?rogﬂ:o!d&ﬁﬁi[-uc'[ ions already

wi thin the instrygedahRn THY §r6¢esiR ArreliRsly RBhe B30IV ASHiR IS bioghnPr ef et ch from CM

FFU MAP $43GR: YDpthariendies thel Béduentiahproddsking (W farexmapleof CML Wi th the

3D graphi cs accebistazbmpaSidg or decoding ofRCBicbffidergs)ned udilhgethis/id devi ce portion

of the VLx that saetunction with ppeps mere XhiW tese peogthmaithiat hanidiesotkggeci al i zed MPEQR

decode features PEEESthe decodepseasss- phot ogr aphi ¢ Experts Group Variabl e

Lengt h Decode/ Enqhel®Liiith k@eadden prégrvh ir6litg, Blone of the first consim-46 WO

99/ 67883 ers of a coded bitstream. The bitstream can be preparsed so that high

PCT/ US99/ 14560. mycgl\ﬁyng;ii Strupttiu gf%f‘a's \%,REMC%EP;}%?%M namacroaiﬁa | ossl ess data

conpr essi on t echi%§gan CFRge rthe VX MygePA, ¢ripregram. tRSi n Level ;

profiles and | evé} %m?‘rt"gé’ géﬁg’&ﬁ thronehithe ineoming pityeam gad E‘Ulﬁé‘?' bf MPE& synt ax
up a resultant with the

and igher syntactic structure that can be shared
VLIW program.

The VLx also supports DCT coefficient decoding and other MPEG2
table lookup functionality through special purpose functionality in
the GetBits engine.

3.1 Architectural Position of the VLx Within
Map1000

Significant connections of the VLx with other elements within the
Map1000 are shown in (the figure) below:

10 Equator Confidential
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semantics, and bit rates throug, the VBV, see H 262 for MP@L

constrainlt: W MPEG Motion Picture Experts G oup MPER See I TU
H 262 or SO | E6 13818-2 register a general purpose regit

VLX registe™PP¥¥883 tning 32 16-bit general purpose register ?Cﬁﬁ%%?ﬁ%

a variable | ength—segunce of bits that have a meaning in a givem ' Cbtexl in
a bitstream see VLC, a VLx virtual regiser that is the flrst 16 bits of
the 110 input buffer that crn optionally be V|emed in

hol ds the index to a Ao e sk f otmdBXGEnptedcessi ng.
Regi sters rQrl1l2 areggge tbagﬁlreg

value that is a viewgfflt o sone register
the CPU;, the view is fd.ad
buffering verifier; fer ‘ Jorl| ndmiOon the variability

Bt S engl ne or

of the data rate tha H consjune vIS: B
vari abl e | ength codi i H assi gns
shorter code-words t ode- mords to |l ess
frequent events V= > VLe Vari abl e
Lengt h Encode VLx Decode/ Encode Unit

Vari abl e Lengt h Decodeg [ PIO -6 47

controlier
Variable Length Decode/Encode UnitEquator Confidential 11
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WD 99/ 67883

PCTI US99/ 14560. 2.2 Reference List * [ MPER] I TU- T H 262 or |1SO
13818-2 I nf %yd'%t/&?& Technol ogy - Generic Coding of Mving Pi ctpd@ssedissen.
Associ ated Audi'o I'nformation: Videdk [MPEGA CD) | SO | EC 14496-2 I nforation
Technol ogy - Codi ng of Audio-Visual Objects: 1suaL 2.3 Design Phil osophy

The VLX engi i gﬂﬁi\gWé, VE&i st the MAP 1000 in decoding or encodi ng
vari abl e Iengsh 3 ed sym hofs such as those found in an MPEG bitstream

Thi s decode/ encocg;dVeQfShtréducésNhERGRIdVYI GEMiRNon b BL vLEAsH symbol or
structure w thin jddanby dndisinmarites ki Snaid Sonipdh@itd Ve x ihtainaybruty om t he synbol s
t hi at have preceded and opefatibntahedismusded in D§ephiatesettimtdue copei se each' symbol
i s either known @opplesity ofthisetbment.cont ext, or is encodedas ail ength val ue
within the bitstream preced- ing the synbol value'ltsgelf. Fo'r exanple,
the follow ng fiqure shows an extract of an MPEG bitstream '...00000
000000000 oo@omogébxcimgrnahQrgamnzatlp.n' ' 0000 0000 0000 000000001 'b
start code prefix Ol'b slice start code, macrobl ock type, or a nunber of
ot her interpret at’i'hérf%”‘l“ﬂé%)@ﬁ%fﬁﬁdhﬁ‘f’ls behteadevebitasnabprchitsctureefar t  code,
| uni nance val ue Jrf¢ V“*Uitoni ance value of 0, or a .:

I nterpretations dependi ng on cont ext ' '
chrom ance val
context X al O
coefficient v
dependi ng on
conpressi on st

ue of 3, DCT
ther interpretations

nbol val ues Dat a
AN

FFU
.

cM1

32 bit + 32 bit 1O Bus

PIO
controller

-1

Figure 4-1. Top-Level Organization of the VLx Unit
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encodi ng or arithnetic encoding, use variable length codes that rep- resent
sequences of values in order to conpress data in a |ossless Variable Length
Decode/ Enc ddizkquat or Confi denti al 7 48 peniEde9R4K4883
PCT/ US99114560." way. Vi deo conpression standards, such as MPER2, use these
tech- niques to conpress data (encode) prior to transm ssion, and decom
press (decode) dafjg aneer\ziew\@mi\q_sj((c‘om‘ﬁmymgis a programmabl e engi ne
dedi cated to the processi ng needs of encodi ng or decoding variable | ength
data such as that w t ThaVanconBik&obi d-bit poasssor Bhid a Gerdits amgimebiidcinat ure al | ows
an encoder or decoder cpnoyguieates with the Vilk (CPUend whichdlapfupcticny evantliOre t o
support new features @gviessdhe CRUand/CxtBits ondivpchave 450ses b 4 fegigter file pfie
processing of nultinpl ézkﬁFﬁeﬁlPé‘@ﬁ? rEgigfcso e japh Wli’lﬁbrtr & Map 1000 VLIW
core. Efficient proced MR RERFALIRRTR D NESANCR ThE%har dvare (o
mnimze critical loops in processing vari-"adle |engt ata. In addition
speci al purpose hardware supports MPER decd@%ﬁﬂ*ﬁﬁtional Ity. For a task
such decodi ng HDTW-2PlRBdistess r eans, the VLx c: i,pe programmed to perform
e oLy Qui g tyhes, Ofmasi e &3 RIsGR9G 83 e YRER D0k ekeepm t o bui | d
structures that definQedifiets ThOVEL CPBRH GRYIRaRbdels 15118 WalskhE(@h12) Ne st eam
pi cture, slice, macrolfbapksial@itle processing. dheRdR: INolvigae ekistekitisn Filter

(7]

a bitstream* Cr eahee addréddBingpluitd s_gﬁ_lm‘ﬂﬁffﬂiegd@al prpasategidterwas to handl e
the follow ng requirerftBs These virtuabregptarsarn ceafiorly, iIVEEGHsY srearvievat 19. 4

MBi t s/ second into into some state of the miachine that can change as a side-effect of
instruction processing,

. =
4,21.1 REGISTER SPECIFICATION IN INSTRUCTION

Up to two registers can be specified in an instruction. The first regis-
ter is denoted R1. The second register, if specified is denoted R2.
The positioning of the register determines the interpretation of vir-
tual register.spécification.

The K1, g_g'é'istgf’is the destination for result writebacks if the write-
back:yerSion of the instruction is used. The result will also be avail-
i the acc virtual register on the cycle following instruction

‘?'ff')
4.2.1.2 GENERAL REGISTERS

“*%The general registers r4:r31 can be read and written by instructions.
Re&gisters r0:r3 share their address port with the virtual registers.
These four general registers can only be written by RAM read (1d.w)
instructions. Any atteinpt to read these register locations will result
in a read to the virtual register value. GB is able to read general reg-
isters 10:13 as part of the DCT processing.

Variable Length Decode/Encode UnitEquator Confidential I3
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an 8MBi t VBV generating deci mated coefficients to display HDTV at MP@L

resol utions * si mul t aneousl y handl e encodi ng and decodi ng of MPEG
streans at * si mul t aneously handle nmultiple streans
Equat or OOI’IM% 7833 49 WD 99167883 prrussonaseo

PCT/ US99/ 14560.” 2. 4 Features T Mpj or Functional Characteristics VLX

characteristics @fdfe RUBRRE byeRlateRcyl diGedited OWMOQK ARl feARthapEC- tioNs.

Conponent the register cohteftt k@ Tothe 6R3TRS reglrsl%!? bRlonUAGhillABRS T ead from 16
bit CPU for the nEgpingneyeoin’ theamivir(aChdgjstee.nst r uct i on prefetch buffer
holds 8 1$-bit'irlattuctions register file 32 16-bit registers;

sone of these ar - VERIa) se registers; sone of these are sh'fed
bet ween the CPU ghédr"g Vi rtl?glRErée?gfs ers read only view into speci al

state of the BCPEkByiitbawigifets bfre aRdsitMbb Atk a0ifife fagar | / O Buffers
buffers for dat apirpess égister®WOIr3). ITRis me@h U if thedelrediftaB g rs are in 4 _byt €
quantities Cet Bi éesaybynthe VLx CPU, thebvabyieGiaéd iy going & @emeFhtinf t er processi ng
data sent and r egsmiostaie oftbe mathineldnd notithe geesad régitdrudes speci al pur pose

har dware for Virtual registers cannot be written. Writeback to a virtual register
will cause the general register that shares that virtual register port to
be written. The VLx assembler recognizes the virtual registers by
name and will flag write or writeback operation attempts to these
virtual registers.

4.21.4 UsE OF GENERAL REGISTERS BY GB

The GB uses registers r0:r12 in DCT processing mode. When the GB
is accessing these registers, access by the VLx CPU to the register
file will result in a register file conflict. Thus, the VLx CPU is not
permitted to access the register file during that cycle. Registers
10:r12 are read by the GB so that appropriate lookup tables for DCT
coefficient processing can be addressed. Example code for DCT
processing is designed so as to avoid these conflicts.

14 Equator Confidential
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return of hardware-encode values for . v - specific MPE&R VLCs
Menory Optim zed access path to Coprocessor Menmory (CM),
requiring t fher FFU unit use CML while the VLX is ope i t her
units exter 94)%8 e FFU can continue to access CM 1, but VL%a\%\nhﬁgwﬁu‘g\?g
prioritized access) Table 2-1 WMap 1000 VLX characteristics Tal . .

Vari abl e Lengt h Decodef gRopdRadisidrBiak@iryconf i dent i al 9 50

WD 99167883

PCT/ US99/ 14560 . 3. Baakfpllowing tdtiedepidensaianogef ppvress. MaeBMNahd uct s vi deo
frames fromcoded bit- streans. This process is effectively done by

devel oping a programfor the VLX thakedbaed es thezsequential processihg (as
for exanple, bitstream parsiMirguabr dasddmsg of DCI’goefficients) and uping
this in conjunction wth on Registeiprhasefor EM?"éf‘M‘P%Yjﬂéﬂrs tﬁ’al“ew&ﬁ@ll"é‘?o her
parts Of the decode p g "FWQ“KS[R["?&SF'RQ p?ﬁ!\:‘\fqﬂnr nr.oaor nkn S onhe
of the first consum [9s of 3¢ coded®bi tstreEﬁHALﬂf@s‘m tstré%‘d"b‘éﬁesﬁg_
preparsed so that higp Ieve[dcgf actic strugg % 0 such as VMREGRbitsi16tInf e,
slice or macrob- |ockftan bgypnt er peét ed. Fmplgbpngﬂf?li@?'aéb%%wd
program this is a majter of.shifting throtigh the inconi ng2¥PPYEleam and
buil ding up a resul tapt higher syntacticust fueiging drapt cdmstiebBhefr@Rijwith
the VLI Wprogram The|¥Lx algmpsupprel.s..DCT .,@mhffémté}a;etéjé%’ﬂpﬁﬁfand bt her

VPEG2 by GB mode interpreted by GB
mode
. GB count of
Ir3 IsZero, 0 for ALU instructions leading 0 or 1 bits
nZero :
. o - in symbol
r4..r12 RF[register] RF{register]
r13..,24 RF[register] RF[reglster]
value of bits 10:5
. of last CM load
25 RFiregister] value if call.dct
was used
RF[register] RF{register]

Reglster Summary
smons are described in Section 5., VLx Instruction Set, on

4.2. Coprocessor Memory

The VLx uses coprocessor memory located in the FFU. For the
MAP1000, this is a 4K region of memory. When the FFU 3D Control
register is in vld_mode, the VLx has a one cycle turn-around to

Variable Length Decode/Encode UnitEquator Confidential 15
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t abl e | ookup functionality t hrough special purpose functionality in the

GetBits engine. Architectural Position of the VLx Wthin Mapl OPO
Si gni fi cant | ons of the VLx with other elenments wthi Np, {J/%S 8@)
are shown |Pﬁ(?l9ﬂg7% gure) below 10 Equa{:or Mms )

Confidential "5T WO 99167883 _ _
PCT/ US99114560. \rggjnéry redu'e:féj(eqtrg%wlbtt ulxstructﬁn feta{eg op%gk ﬁ)aés? bil ~.jt3 it 110

Bus .., stores)-and the’ciory buaR Binnel Rluséd kg'lbrn? ther FRG, %udf t hi n

t heap1000Ar chi t ecdsuhe3D AXit.Vari abl e Length Decode Encode Uni t Equat or
Confidenti al This memory rmgl f 89143 external blocks, such

PCT/ US99/ 14560. 4ys (FVB5GF 8IS € ShSPEY 5B Coh Bl UGSSimt Ne hi gh-1 evel

organi zation of t{e_rvede. ﬁﬂﬁlrdqd&lfbtthlfellﬁi%n erSIRITREUZR8muaf odkRI N conponent s.
VLX internal struqudstste and operation are discussed in a separate section

due to the conpl exid VLPQdJrJlEe% cﬁdiﬁﬂ%ibn quantities, where a quantity of 0

specifies the first 16-bit location in the coprocessor memory bank.

4.2.3VLx CPU

The VLx CPU is a 16-bit processor that supports simple arithmetic
operations (adds, subtracts, shifts) on the 32 16-bit registers
described. The CPU can also initiate loads/stores from/into CM.
Special instructions control the GB. The clock for the CPU can be
stopped/started via the Vix PIO register setting.

The CPU continually processes instructions that have been
prefetched into its instruction buffer. The instruction buffer holds
eight 16-bit instructions in two four instruction quantities. The CPU
initiates instruction prefetch of four 16-bit instructions (64 bits) in
time to prevent the stalling of the instruction pipeline except in the
case of a branch or when three consecutive load/store operations
prevent instruction prefetch from happening in time in time for use.
A special mode of the CPU (fastbranch) allows the CPU to loop exe-
cutmg the instructions in the instruction buffer and not do any
instruction prefetch.

The VLx starts executing instructions at the beginning of CM1 (off-
set 0 from CM1 base) on PIO reset and the VLx clock is enabled.
Instructions are decoded and then executed, one per cycle, with the
results of the instruction execution for arithmetic and logical opera-
tions being available in the virtual reglster acc in the next cycle,
Optional register writebacks are done in the following cycle.

16 Equator Confidential
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4.1 VLx Internal Organization The follow ng diagram shows the high-1Ievel

i nternal architecture of the VLx Unit. 26 bit E C dDscontinuee 3nstructio
4 bit | | | L ]~~~ Buf f er FU table eisers i _ AlmOr!

CIMs 11 i 9’617843 out put _ buffer JUTYEFo% 14380
f >10 h~~ande T~~~~~~~~ 31t LV2U][32 bit 32 bt U0 Bus|

Il controller No Fi gurig ¥edepd gguh&%hsqag@namma iPfhe kdbfe Bt Uni t 12
Equat or Confidential 53 /67883

PCT/ US99/ 14560 . 4.2 | Vi uct aqhe VI x consists of 16-bit
processor and a GCet Bi cngl Tt e at c? with the VLx CPU and
whi ch. al so functions i ah—+ bf:Ref%“?h‘ xe‘éthnn CRULaRd CetBits engi ne have
adbess to a register It e of [ 3pORR yaighac ﬁfr'ﬁt")‘g légi sters. The CPU can
acess CM for both i nsTabiacd? oHLﬂﬁ%#mettfw oper at i '0fe&ad | oad/ it o660per ati ons.
The Get- Bits engi ne T inhfkhoCHORItAEs @@dm@rmﬁg&aagdﬁwwmm«%erw O bus. 4.2.1
Regi sters The VLx CPUocapeycks eslesn baihch 6ecurs BhS€4E 61 bradohf idstiuctiéX t hese 32

prefetch for target instruction and ones. followmg to fill the instruc-

tion buffer will occur potentially.in two consecuhve cycles. During a

branch the CPU pnpelme will suspend processing for three cycles as

the branch target is calculated, read from CM and then decoded.

The VLx instruction set ig,

fall into the following caie' T1es:

) g_:m Section 5. The instructions

. Arithmetic operatxo logical, and shifting operations such
as add, subtractzand, or, xor, shift left, shift right, endian
swap s,
branch operatlons, -goto, branch on condition, fastbranching

. GB contra] operatxons

. CcM load/store*operatxons

kh

4.2.4 GetBlts Engine

t ;. ""’ .r'

The Gethts engine functions both as a large bitshifter and an /0
dev1ce It is designed to help in the encoding or decoding of VLCs in .
& b1ts{ream In addition, it has special loglc for interpretation of parts

ob an MPEG?2 bitstream so that it assists in DCT coefficient extrac-
t!on ‘of:construction of a motion vector.

.fa-

"he GetBits engine has the following capabilities:

Perform a per byte bit reversal on incoming bits from the 1/0
input bitstream (received via the DS). This keeps MPEG2
bits handled by the GetBits engine in a contiguous order so
that the GB can function as a giant shifter.

Variable Length Decode/Encode UnitEquator Confidential 17
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registers, the VLx CPU and GB share access to 13 registers (rQrl2) for
speci al table processing. There are also virtual registers which share
addressi ng pas baigrakd h four of-the general purpose register (rgbfRiksoe/ 14365 €
virtual registers are read-only, in that they are a viewinto sone state of
t he thachi ne that can change as a side-effect of instruction processin
4.2.1.1 REGQ STER. SPECPé&fdA Rl geohbytdlbit NSTRAIGH oelyoidg bit9osd e 1/0egi St ers can be
specified in an instroapetopstreiingsdnt toghe DEYIThis predervesshelenoted RI. The second
regi ster, if specifi etPHeprigierdiseesRior interactipovithitbnVhiV of t he regi ster
determines the interpP@ %% on of vir- tual reister:specification. The
tregister is the*dest PHER 82 frgm thakQinpupptraminnd kake the firse 16w i t e-
back-yeirion t'f the P‘l’&‘fﬁ@éf’?tZﬁ"ai‘.lébl é‘b‘&FP’Pﬁé“‘r:ggkﬂ‘t“t\ﬁll | also be avail -
able i6 the acc virtufE s Q’lfl"%bf r"pgﬂ‘h"a K &wsipe sifted bitsdQibRglarsfst r uct i on Say
4.2..2 GENERAL REQ & ~Llsrt1r§ Geperal registers r4:r31 can be read and
: ; L E W %?. ' E? e TS .
written by instricti ofAS aPIReYe” POhF §U0L¥alS hei r address port with the

virtual register$. Th l§'lteh(f8 ; PéYal‘feggi: %%‘eg‘éh“&z}é?mﬁ’e witten by RAM
read (1d.w) instructigf&- A% TehE Pt i valueﬁ B 2Pel8t er 1 ocations will
result in aread to the irtrrf PValdes oB able to read general

u r ster, val,ue., ]S

reg- isters rOr3 as \ﬁ{‘e SE%"%‘FO'B aupnegen Hbi‘“&bﬁ“’és Lengt h
Decode/ Encode Uni t Equgf%ro ?“rﬂ 'P Mhgergss as e sy’m’ e 13 54 WD 99/ 67883
PCT/ U S99/ 14560 Ther e P&e4¥ B8 haputaut pisam ey on register writeback. This
nmeans that the régist ?/E’e@t&?\feéﬁf“sb‘ freany KO stapednigppntion sxthpleihest er are only
avail abl e for the nextOiETFAMRAITS S0 be handledcc virtual register. 4.2. 1.3
VI RTUAL REG STERShe GetBits engine (GB) is controlled by the VLx CPU. The CPU

controls the GB by specifying an operation and up to two operands.

The operation is specified as the K1 operand in the VLx instruction.

The first GB operand comes directly from the GB instruction in the

VLx instruction at location K1. The second GB operand, optional

based on operation type, is taken from the the K2 or R2 operand

value of the instruction. Some GB operations require addtional

information. This information may come from the last ALU result

state made visible in the virtual register acc of the VLx instruction

immediately following the one containing the GB operation.

The GB pipeline varies according to GB operation. There are a cou-
ple variants on the pipeline. The first pipeline is one when bits are
being shifted out of the input buffer. A second pipeline is for splic-
ing bits into the output buffer. A third pipeline is for saving/writing

18 Equator Confidential
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The virtual
pur pose registers (
by the VLx CPU,

Witeback to a

regi sters share addressing ports with four of the general

rGr3). This nmeans that if these registers are accessed

the val ue used is going to come fromsone state of the
machi ne arﬂdoﬁ%(ﬁs@he gener al

Virtual registers canfot/UB¥/We0 1 en.

register.
] r that shares

that virtual regist b T, gcogni zes the
virtual registers b;&/%ng ur '8“ ffﬁ%t*}%%@lnﬂe at {g?h%{wﬁa%gg%{ce a(??)erat i on
attenpts to these v' et rcgio S 4—SE—OF—GER ‘G STERS BY GB
The GB. usetshregi St e.;zgc}% rl2 in T e)§V/e al‘?‘qfd:\ﬂ_:;t:)txl'c ldac:;r:rwée GB :csl .
accessi ng ese reg| tmjgnacce% EF}J’ tter file w
result in a registepfile confl "ﬂn‘%'sfsr?g ?Mgd germitted to
access the register|file during|k Bépe'%,_,étr@e? ‘H’F'Qfe're read by
the GB so that apprppriate Iook% mbo A enumbe Mrocessi ng can
s o e el [N L e
' conflgured will yiek ted n
99/ 67883 This may optlonally spiice consumed bits into the|
PCT/ US99/ 14560. 4. 2| 1.5 REG STERufuMbiiRei: THe T ol | owi ng table depicts a
summary of registerjuse. The RO CFRELIMa P aYh[h2did registerand t|abl € Regi ster
base for DCT Val ue' Y hlookdpl qR1 calc\l&kmhml(rﬂax lyiald&R3n Regkeit sgmpdienoni ¢
processing positiofn valuépB&d IDOTPred@ssing” on pagec24. yes

| ast ALU: resul t

Tabik 331 GB-Bh Mopbitioh@ipume0 DI TS 157 1T

lookup values. Thesé:are, 16t true pipelines in that each stage of the
plpelme is not mampufatmg -Aunique resources. Instead, the GB oper-
ations should be: vzewed ’as being two to four cycles in latency.

4244 1O WiERFACE

The DMA bus is the primary means for moving bitstreams from the
DS buffér into the GetBits engine. The GetBits engine uses two slots
on the bus “one for output, one for input. The DS buffers that supply
and consume data can be configured into the GB.

'mput buffer and one output buffer. When the GB input
lS enaialed; the GB makes four byte read requests, consuming data
. :3 DS buffer as long as there is room in the mput buffer and data
15 be consumed. A per byte bit reversal occurs in the hardware as
Bits are placed in the input buffer, thus keeping the bitstream contig-
suous. As GB operauons are executed as a result of VLx program
ifistructions, the bits in the input buffer are shifted out of the input
buffer. As soon as there is space in the input buffer for another four
byte transfer, another request is made to the DS.

The GB can only process input data if it has been configured to
enable input, there is a sufficient quantity of unprocessed bits in the
input buffer, and there is room in the output buffer (if output is also

Variable Length Decode/Encode UnitEquator Confidential
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rl

16 bit of B - -<,'first 16 bits of GBr2 synbol

i nput buf f r et ed i nput buffe |nterpreted by GB by GB
md y. - _ys%o9%§§§ IsZero, .. .......:.. ?@B count of

yes -

if call.

dct Sign, yes G ~sign3G O 1 of

ay'

dct was used r26%$r3 1.

| ast CM |l oad first

yes

r3

I‘E‘Hﬁsszwusﬁo )
nzZer o

O for ALU instructions leading O or 1 bits in synbol r4. r12

i ster]

-ye eqgi ster| RF[ r egi st r13 4
RFj reglg‘te’é"t’ﬁwof%‘[éo"g’oﬁﬁ Fregi sterj value of bé%”’ o’glilg‘f | ast CM | oad r25
REl regi-st-ertofpsCba—+25—tev————RFs=—=ra(

~~ value

RF[ regi ster]

RFf r egi ster]eﬂ?ﬂ"dlbl'ré‘ PIQ @@é\“’e Pn@&r fVQZm BJEFOBNs are described in

Section 5.

1f
The VLx useéss c§§ g‘%g%ﬁ io s; {%Qﬁjﬂj "f°r1

Is a 4K reg |on

“’5 S°? "ler%é" Copr ocessor Menory

For the MAP 1000, this
3D Control reglster S

i n vld-node,

t he VLx has Qytrams&s ?fF‘é tq}bﬁmawé@ﬁﬁerte@h%wroaw %‘Pljé‘h th Decode/ | Encode

pg ;fﬁm Vofgﬂuggg%gyﬁégwgQﬁ::bé:ggeﬂfggﬁﬁgn fetches or 16

Uni t Equat or
PCTI US99/ 145

bi t

| oads/

ured for output and if there is sufficient free space in the output
buffer to write more bits into it. When there are at least four bytes
worth of bits to send in the output buffer, the GB will initiate a four
byte transfer to the DS via the DMA bus. A per byte bit reversal
occurs on the DMA write out.

For MAP1000, the input buffer is 112 bits. The output buffer size is
92 bits. Sufficient input exists in the input buffer for shifting when
40 bits have been read. The output buffer must have room for 21 bits
for a GB output operation to execute successfully.

4.2.4.2 GETBITS CONFIGURATION

The GB I/O is configured by the VLx program. The program indi-
cates whether or not input or output is enabled, and if so, from or to
which DS buffer. The program has the ability to read back the cur-
rent configuration, which includes not only whether or not the I/0 is
enabled and which DS buffers are involved, but also the current state

of the input and output buffer (e.g, the bits in the buffers and the cur-
rent bit index).

This allows the VLx program to swap out and restore state for inter-
actions with particular DS buffers. For example, if two buffers were
used for the processing of each bitstream (one for input, one for out-
put), multiple bitstreams could be supported by swapping the GB
state (saving state to CM and restoring state from CM) at convenient
points (for example, between pictures) to support concurrent pro-
cessing of multiple bitsireams.
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stores) and the nenory bank cannot be used by any other FFU, such as the 3D
unit. This nmenory region is only accessible to FFU external bl ocks, such as
the DS or oIIer when the FFU 3D Control register ispg

VLX request@gze priori ty over other FFU external bl ock requedg{.yéJ é%g&{jﬂx
addresses CM in 16-bit quantities, where a quantity of O specifies the
first 16-bit Iocat%{%gl n the coprocessor nory bapk.. 4. 2.3 VLx CPU The VLX
CPU is a 16-BY¥Vipt sor that supports simépn’ omf’%"e’(')'f)eratl ons (adds,
subtracts, shi+fts)—enr—the32—16-bit—registers—desertbet—Fhe CPU can al so
initiate | oads/staores frogminto CM Special instructions control the GB.

The clock for the 3ca EE@”&%‘B?)%%/started via the Vix Pl O register

setting. The CPU gonthuably Bf8RSS9E%. ARLIMS! TRNG,I Lk have been

pref etched into 'gﬁalam‘ﬁwﬁ’v&;an@r}ﬁ TR oPhits (bbbl LeHuad fer hol ds ei ght
16-bit instructi o ihid theArgubllfrel RSk d1Y CiHe@ibe B3t intsic@S be foigd CPU i niti ates
instruction prefeinchiblef4-F, 0GB Bibshft bperdiph Hipelinddch fa@é 1DiThe) in tine to
prevent the stall valge: dfthd Viguil ngfistarstyimdnl, ge:Pigh:iang n€xceply ben t he case of a
branch or when t heetedolishecOB ismodessing/ RE b rasffisprariCdrasogssevent i nstruction
prefetch from hapf€hit Bﬂ“‘ﬂ Rqsessithe regisher flpoirgadhe RaggFeeipians ivode of the CPU
(fastbranch) allo b dpw%ﬂ%wﬁpl@ﬁ%nemﬁ' ng the instructions in the

i nstruction buf f en sacwhdmakde dbommayion issdne whtiedis preekpicithy, publal, VLX starts
execut i ng i nstrucer misedaintq e o Nmfﬁeﬁ i miestef thergég n® from CML base)

on PlO reset and FP?@SM%éh F‘BE‘kb“ ‘“1 %%?‘H&‘t‘bbﬁﬁ%“%?ry decoded and

t hen executed, oné&! rgite \Rﬁ’fﬂ“ sfﬁfﬂ putihy ﬁctl on execution
ssed els 'no ¢ ang on,an ate al regls

for arithmetic ancﬁta e?%ﬁﬁ mgpgg@b el ng Avallabie ot he virtual

regi ster acc in the nex cycle rqnal regi ster WI‘I t ebacks are done in

the foll ow ng cyc i denti al

Becoﬁe Splice operatlon Recewe and decode VLx“&f’fU é’rech”

~ |‘This comes from R2 or K2 on the GB
2| Operation.

Get Splice Lengths.

. = | Bits to splice are taken from the virtual
A e, register acc, splicing the number of bits
Splice in B'ts ; into the output buffer in MSB (bit 15 first)
PR _.;' order.

Table«d—4 ;GB Spllce pipeline

£ 9%

A th.lrd moda of operation is for handling the configuration of the
GB 1tself In this mode, like in the splice case, a second operand, the
age value is optionally used by the GB. In this third mode, the GB
_can’ ‘be configured as to which DS buffers it will interact with across
"the 1/0%bus. The /O state for a particular bitstream can be read or
restored Note that this save/restore has to be done in its entirety to
preserve the complete state of the I/0. Another configuration choice
isito change the input and/or output buffers current bit posmon by
moving it to a byte aligned boundary (padding with Os in the input .
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57 WD 99/ 67883

PCT/ US99/ 14560. The VLx CPU pi peline has 3 stages, as depicted in the table
below. R D 099,67b§§structi on decode, register read EX PoarEEoh4560 .
execution V\ﬁv [optional] witeback of results Table 4-2 VLx CPU

pi peline The instruction prefetch is ongoing, Hang once within every four
cycl es unl ess a BiifdtChunRstirg o .thd sutpl ®uffay @hbyrtobvatie, is effctaduct i on prefetch
for target instrwhen ge GhUOcres afedieinpwedifiecdo fill the instruc- tion buffer
wi Il occur potentially in two consecutive cycles. During a branch the CPU
pi peline wll suﬁ@e%cr)\éje processing for 3Fhat:eiee eydtdazede¥LX GRU br gnch target is
cal cul ated,. rea@iifrom CM and t hen decgtireetiveThe VLx instructijon set

i stdescribed in {aetigwecB.oplitre | NSt r ugddt optont ab kpdctikd t he f gl | owi ng

categorie ArithngriT operations, To0g GHero Hadgesi dptibhtdeRPGT gt | ons such as
add, subtrait faffPun'dpading zergefiane bites thasshidfied whathiets cenatean [swap *

branch operationg;—goto, branch on CONgilddMmoderdal REHIE[IZES) |~ GB
control operatiofsc¥iookup CM | 0ad/sto .@gieﬁ%ra:tdaqmmeékaae%deatﬂBts Engfine The
GetBits engine functions both as a | arjgéddar sfuafetiaymbaidaiasm 1| O deeice It is

designed to hel p R UE ERYOULHE feirecO0I Ng 01 VLTS Th -brisiesWa In
| S e .

addition, it has specia ogic for interpretation of parts -4" of .~MPEQR

bi tstream so t hatr—tt—asststs—T T DET LLEéd

construction of 3dPepet¢ on vector. -The
capabilities:

Qo

V6 anl BedoRt VX CPOM 1] tson~
Ei;ets engl ne has the| fol | ow ng

Which state to save comes from R2
or K2 on the GB operation. Which
state information saved is R2 or K2
value plus 1. The state is made
available in the symbol register.
See Table 4-7

Write value of R1 operand of
instruction immediately

subsequent to GB operation as the
state information for GB.

Save state

Write new state

Table 4-6 GB I/O state swap pipeline
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* 1> {.Performa per byte bit reversal on incomng bits fromthe I/O input
bitstream (received via the DS). This keeps MPER bits handl ed by the
GetBits engine in a contiguous order so that the GB can function as a giant
shifter. Vagpasyesdsengt h Decode/ Encode Uni t Equat or Confi denti @ct/us9eenasso’
17 58 WO 99/ 67883
PCT/ US99/ 14560. Perform a per byte bit reversal on outgoing bits on the I/O
out put upstream ( sefite Yiox 6Bd/Pstyte istyhown jn Fabds 4-dsThet{dB HPpitaddri at e endi aness
for interaction V\/:T;]'Q;Bthe VErWprogram  * ShifT in data frgmthe I/0O

t

i nput stream and lopedah@1first 16 bits of Y his data availablejto the

programin the virtjraker eq|GB & Stajenditten opt | GFhamie/ teguldi ng shifited bits to
be placed into the jput put §t+eam * End|GBcapvabstathe vi ew off t he synbol
val ue. * Use thg CUTT €8 edioPitatéal Ue T PoutgaPBifer EdHerol esultjvalue in a

limted set of hardpare—ent i H= = ge ) f rimyhe table
val ue as the synbol ﬁaa' He- ff‘L vbg‘e hldi 4'33?3{ Ejub bnﬂe'rqg‘fﬂcGr‘.j unction with
registers 0:12 to rEftn 4 W%%WPAE' er, {atq}iﬁaﬁ (P Ruiigr data) Splice
data into the outpuft4st r eapepaaue (/O buligrdatain fipdt S¥iar €M st reamil / O stat e

i nformati on so that |6t her lihputibutiescomean pai} @B cenrobstateandl ed. The GetBits
engine (GB) is cont redid &£ Ly BBYOEfe £PU. %iThe CPU controls the GB by

speci fyi ng an oper aficqeand up to tvvo cﬁse ands The operatlon is specified
as the KI operand in the Lx | ager and cones

T ero0 S fehdiSd oresb
directly fromthe GB |ns 'igﬁ;i gze"’”r eacing ones

t;ng only leading zeros or ones, or
both DS buffg;, n ex for input source, DS buffer index for
output target (8 Tabié 5-23, “GB Control Bits,” on
page 47).: :
. Output, buffer ontrol automatically generate as output, bit
position in.the dutput buffer (see Table 5-24, “GB output
buffer contrsl on page 47).

. blfs i the output buffer
. blts m the input buffer
% nput buffer control: bit position in the input buffer

Aﬁfourth proc{éssmg mode is support in the GB hardware for lookup
of pazhcular MPEG2 table values given the current symbo! value.
715 described in Section 4.2.4.4, MPEG2 Hardware Acceler-
Processing, on page 23.

o
S

.2.4.4 MPEG2 HARDWARE ACCELERATED PROCESSING

In addition to acting as a large bitshifter and 1/0 device, the GB sup-
ports accelerated processing of MPEG2 bitstreams. First, it supports
a DCT coefficient extraction mode. While in this mode, the GB can

do lookup in software data tables to determine run, level information
from DCT coefficient tables. This is done using a combination of ini-
tializing the tbase registers (those general registers shared by the GB

Variable Length Decode/Encode UnitEquator Confidential 23
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VLx instruction at location KI. The second GB operand, optional based on
operation type, is taken fromthe the K2 or R2 operand val ue of the

i nstructi on.?rg ?GTS operations require addtional infornatiop b _

i nfor mati on¥ %g@g fromthe last ALU result state made vi S|8Te In 4t5?1°e
virtual register acc of the VLx instruction inmediately follow ng the one

contai ning the GRqaR&Ir)iROVLERRIEY RitPRbledR d{\@rﬂoﬁﬁxo&%ﬁnﬂl ng to GB
operation. Ther gefdf & SRch&ik.2 PISEDCATRBBESAY) ob Begepdapel i ne. "The first

pi peline is one (Wﬂgr &p&&l 15:0e7) R\ &gmamhés giw(?i talﬂgs stEfor{)r%ert buffer. A

second pi pel i e [LSub8F asibirfats VRl (o) birteshiRibp el O LN F fer. Athird
pi peline is for saving/wit 18 Equat or

Confidential 59° W&° 9-5?—6‘78—@8”““3”“
PCT/ US99/ 14560 CB coriFl-gexskeibremipanceurth pipeline is for hardware

accel erated tabl-e Decetfign. code Recei ve and decode VLx CPU directive Cet
@GBSi gn Based orcotideblock phtkfrs | engt h, determ ne the Get
GBsi gn which is .used matrabbdceladdresNheetiedt gn For GB shifting
oper ati oni sshi ft. t he mRRLRRKI @bLinNipidiges of bits frornth. e i npAi:buffer;

will yield an updat ed,sydhRkvidbdgip. QM{'&E the nunber of Shift and Count

| eadi ng one or ejobit | is configured; will yield an
updat ed nZero vaJI ue. ?&?& the%O'hEﬁ(Yy sptl ce consuned bits into the

out put buf fer2; Farthepe bﬁdmac eil 0' Y&y ster and DCT

| ookup cal ’élfﬁs 4P e f}‘gd oL i/‘h'glﬂ val ued S.e ' DCT
Processi ng" on pfg’,ﬁ.‘%a’z ik s e éérng;ﬁ ﬁ&nar@ pel i ne

Section 5.8. 5 GB DCT operattons on page 53

4.2.45 DCT PROCESSING

When GB is processing DCT coefficients, it uses the symbol value
determined from the shifting operations to generate a lookup into the
appropriate software tables (supporting Table 0 - MPEG?2 B.14, or
Table 1 - MPEG2 B.15), and makes the CM address of the appropri-
ate table entry available as the symbo! value until the GB mode is
reset by another GB operation.

The difference is the DCT Jookup stage of processing (see Table 4-3,
“GB Bit shift operation pipeline,” on page 19). During this stage of
processing, the GB

Reads the register indicated by the value of nZero. This is
the tbase register. The nZero value will be a value between 0
and 12. If the value is 0, tbase0 (r0) is used by GB. If the
value is 12, tbasel2 (r12) is used. Likewise, the appropriate
register is used for values in between.
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| ookup val ues. Theseare.not -true pipelines in that each stage of the

pi peline is not mani pul aiig.unique resources. Instead, the (B oper- ations
shoul d be'iewgeds being two to four cycles in latency. 4.2.4.

| NTERFACE ﬂ%sgus is the primary means for moving bi tstrel’grr@%}rgg?ﬁ@'he
DS buffer into the GetBits engine. The CGetBits engine uses two slots on
thél bus .- one for output TheRQué Qbrel HPME thadd8giber iDiHtdrletedahBkecsuppl y and
consdata can be confi gur edieidsttskip,tkecfFand Thes. TimsoRa pompeitto buf f er and one
out put buffer. When the GB input is. en i, the GB nmakes four byte read
requests, consum ng dagal{s:f1ropdds buffer as s Tong there is roomin the
i nput buffer and dat Tt tk% n%ggea A per DyTe ' reversal occurs in the

hardwar e as :; 1bits are 5%;,1 Mtﬁtis{h’e”t‘jasé’&'c,di'e orfa@%ﬁ Egief%%ﬁg the
bi t stream cont i g- . uouq,le hafES ofe SikkE as a result of

VLX program instr uct| ons, abh@piatd. smegp is'%@edtﬂl?bﬁstrhm bemagiBaishi fted out of
the input buffer. As soon iétifibstioss mhechsoP 8ReYibol 16 be BpaMinddief@ida f or anot her
four byte transfer, anothehe leatjngsggnatge: rrmlﬁMbsa}, Viee (BSnuniiber oBitcan onl y
process input data if it Isgisis b}@etﬁeébnfheg epyaleny Eekibidentifiepwhetherhere is a
sufficient quantity of unﬁ?fb'é‘% £ biit j5ite gouny dt“h@“lpﬁg pa thptableaifsetalfy t here i s
roomin the output buffer | h EHF y qoatains Je3digg zgr E%fi Esexilgt'}l‘ji’ Decode/ Encode
the fir g e alves
Uni t Equator Confidential . e ofthe suﬁa éﬁl‘;
PCTUS99/ 14560 Over vi ew of VLX
Overvi ew of YLX enabzle@d;(cou'ﬁhgemexl @lbg a,me,gomze,guégs 1t hRrofB figgyl /O and is -
respon- sible for checki nngm?vaﬁ&‘eetﬁ&t ger e@£se:h"}éifmfbbﬂaﬁ{33 l%'olv or space_
prior to issuing a B opergidwon .t consu uce the bits. This
check is done using a br.gbstal f nstructl on.
symbol = tbase + ({s; wbo] >> (nzero' + tskip)) & theepMask (EQ2)
NOTE: The symiBl value on the right side of the equation comes from the
*:first 16 bits of the input buffer. The end result in the symbol virtual
rchster is a CM address that can be used to read a table entry value
for th VLC in question. The first 16 bits of the input buffer are not
hanged by this calculation in the operation. They are just
ntérpreted by the mode of the GB.

The setup. of the tables to support MPEG2 Table Zero and Table One
escrxbed in Section 6.4, DCT Table Setup, on page 60.
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Qut put is generated to the output buffer either through explicit placenent
of data (e.g., splicing into an output bitstreanm) or as a side effect of
shifting symbols in the input buffer (filtering or g#ep&d/igisad) -

Qut put ca oﬁﬁg&ée generated if the (B is config- ured for output arfg
there is surficient free space in the output buffer to wite nore bits |nto

it. Wien thkere tes worth of bits to send in the out put
VAR Ristiafctio? ey P
buf f er, thg GB Wlﬁﬁlintltlate al§our byte transfer to the DS via the DVA

bus. A per byt ehbi/t x C@YaS 8 3b-bRPFISESoO RN ulMD Wirad £e 941t . For MAP 1000, the
i nput buf fer i sitd ¥3r £l inStruclibe fopntbtp Ut 5-biufid1@ indSda%e tHeopidtibi t s. Suffi ci ent
i nput exi sts i mypehRepending ol operatfomrtyhibkteiing when 40 bits have been read.

The output buffer Mgty NaAveHLONNLAE 28d edl 4-Bir ERlsted ofFaYt PUL Operation to
execut e successful | y A SRS GETE TS CONF] G‘ltJ i O\fgﬁﬁe &BI/0is

configured by the VX rpacalk iniheopr QQSQEPrbg?Qérop&%@&deet her or not input
or output is enabl egmesiagcd,xfstagpvaljer&m or to which DS buffer. The program

has the ability to sqaﬁtmg&ckm&uhnamts oRhiwnalk 9 Whi ch i ncl udes
not only whether or ofo%-bit hgistdr Ghérindehabl ed and which DS buffers are

i nvol ved, but al so {h&,;Ciik6Rk imhdlef afdf 1wloCyil GRMEn@NE output buffer (e. g,
the bits in the buffﬂ?bqg sIaQFva?Lér rent bit 1ndex). This allows the VLx
programto swap out State for inter- actlons with particular DS
buffers. For eﬁéwwmrpﬂrwmtbmaﬂsrbslo\me used for the processing of each
bitstream (one for input, one for out- put), multiple bitstreams could be
supported by swapping the (B state (saving state to CM and restoring state
fromCM at corvenientlnoilbt% (faord Sxanpl e bditheen pictures) to support

concurrent pr o- &,@ﬁgénpd Qb 1 Nl ti pl g Ryt strepms. 20
Equat or Confi dential 61 SUBSTI TUTEISHEET (RULE 26)
operation wb] Rl K2
operation | wb| Kl I R2
operation wb| Kl K2
operation K11

Figure 5-1. VLx Instruction Format

R1 and R2 are register addresses identifying either a general register
or a virtual register. K1 and K2 are constants. K11 is an 11 bit con-
stant. Wb, if set, indicates that R1 is also a destination register for
result writeback.

NOTE: The destination for the writeback is always the general register
(r0:r31), and never the virtual register that shares the port. For
example, an add.w acc, r13 will result in 10 = *¥acc + *r13,
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WD 99/ 67883

PCT/ US99/ 14560. CNerviem/of VLX CNerviem/of YLX
Conmponents 4. 2. 4.3 GETBI TS MODES The GB supports nultiple nodes

operati on®O4H¥883 rst is the straightforward consunption ofP(BT’P§99’“55°
(optionally passing consuned bits rnto the output buffer as well). The

pi peline for thgsy Bit shift operation

pi peline;" on pgge Tgb@ﬁ;eﬁ\%a ugm(;‘ ?%Snéle'r?‘ttlua regi sters synbol

dct Si gna. -nd nZero mmy ,,Qemafoﬁ,@g,te%dthelfgm; he GB is processing DCT
coefficients (DCT proce: j Rhﬂ GB wll access the register fle
toread.the tbhase regl’s é Wg DCT Iookup sﬁage of the pipeline.,a ' A
second node of operaﬁﬂdﬁlls one. where bits ar
spliced, into the ouﬁpuﬂnﬂxhjere . -\Wi Te i nf®
to the input buffer, to thes put buffer may trigger an 1/0O
wite to gccur if' tH“ﬁl gﬂﬁééh?ﬁgnmg?n ut &hres®sBtd to be crossed. There is
no change onany. of mrmecrléqsapeuﬂmtmelﬁqm iptigstoictipnsdaratting GRyor t hi s node of
opertion. Decode Spferdestiypriansthapike reeeariBiom Alierstive surags x  CPU di rect i ve

" Thi s conmes from R2.windiKatepthat the rdsit GaIl bebpli dix&;ahleﬂagﬁheglster speélpertl o. .4
operation. Bits to §plmdblunbatwn@ymeﬂﬂamyf e virtual Splice in Bits

regi ster acc, splicCipigt t he out put
buffor in NGB (bit gfrl élgfﬂég{e@g?é?;nf?h&ﬁwgma'llg the destflﬁatéoerl %Iglgel ine A thjrd

i odez. of operation i %Tﬁ“‘aﬁ&FFﬁﬂ3 *”%@onflguratlon of the GBBits~elf In
this node, |ike in #e Sht c@etamassm%e apesmdond operand, the

“epr|C|tIy pushed, or
t*hits, node, there is no change

*R1 the value contam

e "'m the register specified by R1
*R2 the value contazned in the register specified by R2

CM|[x] the*] 6-bit value at the coprocessor memory location specified
where x:is a 16 hxtaddressmg offset from the beginning of coproces-
sor memory The X value can be *R1, *R2, K2, or K11,

i locahon in coprocessor memory specified by x.

m {e Operation
ﬁ“*"
# '{'he bﬂ Settings for the instruction word are shown in the first table. For

T 11 |wb o 5 Ja 0
0 0 0 0 0 w |R1 R1 R Rl R1|R2 R2 R2 R2 R2

this example, the instruction opcode is 5-bit value of 0, indicating a nop
instruction. The writeback field has a value of either 1 or 0. If the value
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acc value is optionally used by the GB. In this third node, the GB cai' be
configured as to which DS buffers it will interact with across the I/ O&us.
The 1/ O state for a particular bitstreamcan be read or respg ?ﬁg go/143k that
this save/Y8SVE¥8 has to be done in its entirety to preserve conpl et
state of ttre 17O AnOtrher configuration choice 15 to change the input

and/ or out put QU fifr, ésuﬁwfhﬁ%ermoawﬁapbwrhemm%é@mrmgegn&ert0 a byte aligned
boundary ( paddiifgicldis} tB-bit ReglsRP addrtad dendal Length Decode/ Encode
Uni t Equat or Confi denti al 21 6 SUBSTI TUTE SHEET (RULE 26)

WO 99/ 67883 nstr lon Decode Instruction Execution [instruction Writeback
PCTI US99/ 14560. c,ku; ogaé | Ng on the dogguut buffer). |The synmbol val ue

is affected V\he‘&a;ngpem |R/2ua§ggg,g§,pgr,gsgqel 1 BOgHTTE0. e ei ve and decode
VLx CPU Decode cttrect+ve—Conttgure opti ons

Set options as ©BESY i BFMES("SI¥Y2 o changes | f options setting has nodified
what gets countlesitlICfiomsmmﬂemsél@thFéfamotfkﬁébel [ BCOD@FI$ ookup
regi ster and ca‘lhgﬁsﬁ‘ﬂ%mtla}ﬁ?“ fpllowing ’&f‘é‘lf“ ymbol value. Table

4-5 GB 1/0 setth e regmer“" ents are ava Recel ve and decode

a é"
VLx CPU directi% (ﬁgr nbﬁi ey °esg§'sye é@)‘%{; "Cé)m’ﬁ% g,f; on the GB
operation. Wi ‘Iﬂ lgﬁ s i Ble in the R1 re 1steronthesu§§eﬂﬁ§n ormation saved is R2
or K2 value plus 1. The state 1s made

5.2 No Operation

5.2.1 nop

15 11 lwblo 5 |a 0
0 0 0 0 0 |w |R1R1 R1 R1 R1]R2 RZ R2 R2 R2

[Decode {Execution  [Writeback
|nop

lnop R1,R2

jnop.w R1,R2 IR1 = *acc

Table 5-2 Single cycle no operation.

No operation is performed. Optional, register port values are set.
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available in the synbol register. See Table 4-7 Wite value of Rl operand

of Wite new state I nstruction i medi ately subsequent to GB
operation as the state information for GB. Table 4-6 GB //015 te swap

pi pel i ne WP99/67883 Equator Confidential 63 FCYW5?d43%8 7833
PCTI US99/ 1456 ' ' =7 e GBIl/Ostate
GB operand | value . [ Q.State witten GB synbol result o

----- §l3 Regls% %3&'?9?69195? ops GB control state
outjiutluuffer control 2 out put buffer control b5o0aque (1/1

buf fer data) 35331 Set virfuRdesgistdr/doctold £ bilabastant 0$gli]etl/ O buffer data)
14 opaque (1/0O buffer data) input buffé control 15 I nput

state e>-.
bnes bei ng count ed

buf fer control @B controlq4Slig
i ncl udes * GB 5 T ;
for nZeroi cdnting & —F—beth—DS buffar.ind® fo'r

| nput source, DS ' . &ge&@aﬁ‘lS 23, "GB Control -
Bits," on page 47){2escde Yeehtionhuf £ or  JWHISPRAK- a0t ondf i cal |y generate as
output, bit setacc K11 |acc = K11 ey i

e Table 4-7] VLx GB ig

oy
S

Table 5-3  Set virtual register acc%

Sets the virtual register acc to 2
stant.

contents of acc

T,
Wi

15 11 wbig: 5 |a (]
0 0 0 0“1 |1 RIRTRIRTRI0 0 O 0 O

i
e

A

ecode . |Execution Writet;ck
setrég R1~ |« R1 = *acc
TgBlé§-4 “‘Set general register

a7 sy ] . . . . :
“"ﬁgtsﬁe'égneral register specified by R1 with the virtual register acc

a %{ghe value will be available in the register after 2 cycles.
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position in the output buffer (see Table 5-24, "GB output buffer contrf I"
on page 47). * bid in the output buffer * <.”tits in the input
buffer * %éfgzn%h buffer control: bit position in the inputpdrtferni4déd.irth
processin € 1s support in the GB hardware for | ookup Ptpaific. uar
MPEQX2 t abl™e values given the current synmbol value. 'Ti IS described in
Section 4. gl\% angﬁﬁg%,d—g hdveogid gitions; n Il rocessing, on page 23.
K442. 4. 4 E RDWARE ACCELERATED PROCESSING I n addition to acting as a
| arge bitshifter and 1/0O device, the GB sup- ports accel erated processing
of MPER bi&4drhaichs. First, it supports a DCT coefficient extraction node.
While in this node, the GB can do Iookup I n softvvare data tables to

det erm ne run, fisevel i nfét : < tables. This is done

using a comnbin K7 Kad@ K2iR$t er s (those gener al
regi sters shar : ] .-Au Uni t Equat or
Confi denti al '

PCT/ US99/ 14560 in CM For nore

details, refer ke e 24. O her

speci al MPEQ2 A2 i jaed TdHs" Br dwate tables lenann ny | ookup of

appropriate valliw(vsljﬂ,s pees [RIMTRZy t o|RNECESE or dct _dc_si rel um nance *

dct...dc_size_ dcnnman]ae; #+R1 + Kot | opcode codedchl ock. phttern *

macr obl ock- add S RTRE REEITRY + K2 R1 = "acc
Table 5-5 Add

Addition results are available in virtual register acc for the next
instruction or in the result register two cycles later.

5.4.2 Subtract

15 11 jwb o 5 |4 0
0 0 1 1 0 [w [R1 RTR1R1R1[K2 K2 K2 K2 K2
0 0 1 1 1 jw [R1RfR1R1R1|R2 R2 R2 R2 R2

[Decode Execution Writeback
{subR1,R2 lacc = "R7-"R2

sub.w R1,R2|acc = *R7 - "*R2 [R1 ="*acc
sub R1,K2 jacc="R1 - K2

|sub.w R1,K2lacc = *R1 - K2 [R1 = *acc

Table 5-6 Subtract

Subtraction results are available in virtual register acc for the next
instruction or in the result register two cycles later.
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* rmacr obl ockl . type in 1-pictures * macr obl ock.type in P-pictures *
macr obl ock-type in B-pictures For these hardware accel erated | ookup
functions, the synbol value takes its formfromthe value of the table, NOT
the fi rstwtﬁggmgg of the |nput buffer Th| s is descr| bed I Pckob$Iol14560
Section 5. 8. MPE bt-e okt 7 page 49, and

Section 5.8.5 rat on page 53 4. 2 4 5 DCT PROCESSI NG When
@Bis processﬁﬁ?ﬁ-{ﬁ)g ?ﬁcé" gﬂ‘?’s it uses the synbol val ue determ ned from
the shifting operations tog nerate a Iooku into theopropriate sof twar e

tabl es (supporti s WP R 14 50l Tahle | 2 MPE® B. 15), and
nmakes the CM addr AwpRIpR1 R1R 1R 18I K2 KAt K2l ai | abl e as the
synbol val ue untifp tihel node (R RERItRDOR1 RARDBR R2BRDper ation. The

difference is the IX ookup stage o proc%e@w@g (see Table 4-3, "GB Bit
shift operation Deode €, IExPELtIBAOC 1. Nl f processing,
the GB Reads the EFPRs his is the

t base register. nd 12. |If the
value is 0, tbase e | Jt basel 2 (rl2) is
used. Likew se, tpaedBhB2ofAFs tB’F‘ i stiert ”i“*s used for valued in between. 24
Equat or Confi dent jped.w®3,K2jact\©*BOAKRES3 *|R1 = *acc

PCTI US99/ 14560. Tiﬁmé/g#ug,@,gé)[@gaﬂmdﬂe tbase register I1s Interpreted as

three fields: tsk thentls(gfelgl R% and con ant K are treategas 16pr1{ pc.;[o el;mt 0 a

strings. Loglcal AND, results ate:available in virtual register acc for
the next instruction oﬁmg%ye tesult register two cycles later.

""'"?4 i,

5.4.4 Bitwise Loglcal‘ o}

7 150 4w |R1 R1 R1 RT R1|R2 K2 K2 K2 K2
7 1° W |R1 RT R1 RT R1JR2 R2 R2 R2 R

|Execution Writeback Il
s ~F "

5 lacc = *RT] *R2
;: OF. W: acc = '‘R1[*R2 R1 = *ace
A Jot m K2 [aca= *Ri | K2
' ”UW R1,K2 facc=*R1|K2 R1 = *ace

Table 5-8 Bitwise Logical OR

Contents of R1, R2 and constant X2 are treated as 16 bit boolean
strings. Logical OR results are available in virtual register acc for
the next instruction or in the result register two cycles later.
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115 114:11 110: 0 tskli tkeep | tbase location in CMthat is the base
addres @ a subtable for all the VLCs with nZero nunber ofleadin 1s or Gs
as appr Tkeep is used t conistruct a bitmask that g r_q?"ggg how

much of (‘?hé"gﬁsn% is tobe exam ned beyond the | eading signa urgjlhs‘)%6

t keepl Al Sk8where the nunber of brts set Ts specifred by the tkeep.value.

Tskip |degt¢53ﬁ§v,g@gbaﬁ{a|gglg|dsh% OR' st bit is to counted in: conputing the

table offset. If the Subtable only contains eading zeros or ones, but not
both, the firgf bit is jopBiged i the goynt of bitg.) This halves the si ze of
the subt abl e6 ——-:~——-~—-~-—-——-—-—-——=-:~-————-————;-—e‘ bits) iiZero : ((nZero
=0) ? 1. nZepa——LEQ 18 _Jho valyg thal® ool S Fol ned as the synbol val ue
i s shown bel off._%yRbdl ok & A | 2b' + tskip)) & tkeepMask
(EQ 2) NOTE: The synt bo6, vaiue on the right side of the equation cones
fromthe -, fi{pstodt6 bijExecwfont he in rikbbéler . The end rjesult in the synbol
virtual regi skefr1,R2 a = neRs can pe use ad a table entry
val ue for thef¥t 1,;{2 s;t-hqm.Réne Thﬁ&[. o bits—of—the i nput buffer are

not % change tHts—6 att+on-+Ar—the—eperat+on—i{They are j ust
- -interpretefl R1’f%,:gde‘ﬁ3\ Kz The setup. of the fables to support
MPEG2 Tabl e ZBPOYBhH2 ROAK2 s deR3Fi'B¥d in Section 6. 4, DCT Table

Set up, on pag&atﬁé)s-sVaﬂftWachwfchwxquﬁveMOde/ Encode Unit Equat or Confi denti al

25 66 S{ Zﬁ?% 1, R2 and constant K2 are treated as 16 bit boolean
PCT/ US99/ 1456 rings. Logh ﬁeké'ﬁstﬁel'@ﬁ l‘égﬂltéﬂg available in virtual register

acc for the next instruction or in the result register two cycles later.
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The VLx CPU is a 16-bit processor. Al instruction words are 16 bits. For
all instruction formats, a 5-bit field indicates the operation type.
Depending on the operation type, there is * alblt %&9 ‘{%

i ndi cat VOYAW3Iwo 5-bit regi ster operands, or e %! vvr? Sack

i ndi cator, one 5-DitT register operand and one 5-bit constanf val ue, or *

a l-bit witehpgle ¢M,{é}t@{dl§,pg“@3esﬁméé shfeéAnt val ue and one 5-bit
regi ster operand, it witeback indicator and two 5-bit

| £ Thi s |§,

constants, or * ummari zed in the
t abl e bel ow 15 ‘6—_—_——#} bits operation

wb R etatidhL_vb Bl ____KJ operation wb
Kl R2 dbefatd oh 1_MdRT RT RT R R‘_ RZ_RZ T@Réﬁr ation K11

Qnst ant v

|dent|fy|ng ei the
constants. Ku | i4 it Rl IS
al so a destinatio v\raeglRaltRa! for $tination

for the witeback[iS arways thg W@I&J@gj%g@gp(w1pm§) , and never the
virtual register témbpsishRi,RS t He< prbia.oxhet exanpl e, an Iél ri3 will .

result inroO= fac,c T I3 20 facc = (K2, 0x10)73wap(‘m) "R1) tquarcr

Confidential 67 swapsl R1,K2

ace = ({KZ& ox10) 7 Swap(R1) T °RT) 1 = ace
swapslw R1,K2 <K & 0xf)

Table 5-10 Optionally Endtan sWap R1 before bit shift left

o
If Bit 4 of *R2 ofK2:is. set *R1 are endian reversed. Bits 3:0 specify
the shift left amoun ; .thft results are available in virtual register acc

for the next mstrucnon or in the result register two cycles later. H
Vacated bxt positions are filled with a 0 valued bit.

If' v .':,
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WD 99/ 67883

PCT/ US99/ 14560 5.1 Not ati on and O her Conventions VLX instructions are of
the form Lashfhssdd [RI) [R21K2] instr K11 macro(R2j K2) instgersieehlidsgs the
instruction macro specifies an alternative formfor.instructions targeting

GB, or for instructions that take operandstVom alternative sources .w

i ndi cat es 5147 Opttonal Erdianishaph Bitwisé Shift Rigit t o the register speci- fied

in R with a two cycle latency% Rl a regi ster source operand, an optionally

t he destinatiofysresult R34 opbrangvy K2 a 5 bit constant
eperand Kl an =iy O 1 R RN RiE=t13E val ue . t he
regi ster speci EFregy—R—g-re—yva-ue S=Ret lhe regi ster specified
by R2 CM xJ t hd j 2 | ry location specified
where x4s a' 16'-hi i offset fromthe bheqinning of coproces- sor

menory; Thex v d * pExecut or Kl 1. &CM|Writebadk | off Ation in
coprocessor nefory speci fi edadpyF (KCR2% Gk 10) 2 SwddptRBOORTHTI 1 on xK*1 | he

bsi ~ettings fonswape R%RA r uct{PdR&&rMNare shown in thg first taple. For 11
wb19 5 14 acc = (("R2(& 610007 Skap(®1) R}, K i Rl R R2
R2 R2 R2 R2 t hijswapsranB1,.B2 t He> ("RE&r@x6t i on opcode is Frbite%fal ug of O,

i ndi cating a ngp instructi oraccFgxa®ickB)aBwapf-R1)d *RBY a value pf either |
or 0. If the viwsesn\R&K2Zbl e jberigddotecode/ Encode Uni tlEquat or Cpnfi denti al

27 68 acc = ((K2 & 0x10) ? Swap(*R1) : *R1) |o, _ .
swapsr.w R1,K2 |>> (K2 & Oxf) = *acc

Table §5-11 Optionally Endian swap R1 before bit shift left

IfBit 4 of *R2 or K2 is set, *R1 are endian reversed. Bits 3:0 specify
the shift right amount. Shift results are available in virtual register
acc for the next instruction or in the result register two cycles later.
Vacated bit positions are filled with a 0 valued bit.

5.5 Coprocessor Memory Reference Operations

Coprocessor memory is addressed in 16-bit quantities from the VLx.
Load targets and store destinations are specified in an offset from the
beginning of coprocessor memory.
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WD 99/ 67883

PCT/ US99/ 14560. is 1, the results of the operation will be witten into the
general register indicated by the 5-bit register address deg ?@9%“5?“ R1.
I nstruct i SHOBYEBER | nstruction Execution Instruction Wite

Cycl e Cycieexanpte. w R, RZ-acc = exanpie result

*acc Table 5-1 Eg’?,rq:)i_g &nstructlon Instructions are presented in the form
of tables. The le col'um is the instruction. The nunber of colums

followi ng the instr ter WhlchD dified register
l e instruction,
ReR2 e of latency,

contents are avail - |a
the new value i s ava

whereas the val ue i ' | st et . Subsequent cycle.
5.2 No Qperation 5. ZPécadep 1jExecution 11  [Wijtéback. | 5 14

00 0 0O O O w Rljd#s, oalstags RB4 2 Decode Execution
Wi tebac nop Id.w R1,R2- |load staging = mpRﬂlfﬂi@ﬁm@ngﬁé, R2

Rl = *acc Table 5-2 No—oper=ati on i s perforned.
Optional, register pgﬁﬁ/gﬁ Eé‘?frg?’ %gré’gess% ﬁ;’?ry’ Equat or
Confidential 69 5The IRedyid 4 6-0it vBist fiomgoploeasedy msmornySis Bvatlalgedn the r t ual

regi ster acc to a 11rasplregigigstyprppcles later, The 1d without writeback only affects
the state of the load staging are#; CM -and as a side affect, this can

cause the values of run angd- Jev-virfiial reglsters to change, but noth-
mg else useful happens., if the writeback bit is set, the value loaded
is actually loaded mto the: RI regxster

5.5.2 Store
15 i1 |wblo 5 |4 0
1 0 10 1 |w 'R1 R1 R1 R1 R1|R2 R2 R2 R2 R2
£ T &
ecodé .- _|Execution Writeback |
StRI,RZ;, - |CM['R2] ='R!

Table‘5-13 Store to Coprocessor Memory
i >
Th;s lnstructlon writes the value in the register specified by Rl into

£ %he hiemory location at the address specified by the value of R2.
.6_-'.;:'" ‘g}
5.6 Branch Operations

Branch operations cause a three cycle suspend in execution of the
instruction stream (as if three nop operations were inserted; GB
operations continue to progress). An exception to this is a fast-
branch, which loops on instructions already in the instruction buffer.
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15

K11 K11 K11 K11 K11 K11 K11 K11 K11 K11 pecode

SEPpEP

Wit ebac
vi rt ual

11 10 01 1 0 0 1 K11
Execution
K11 acc=K11 Table 5-3 Set virtual registepcaasoieissot he

acc to a value, specified by the 11 bit con- stant. 5.3.2

Set general register to contents of acc 15 1 wb

4 5861Gofd 0 0 1 1 RRRLRIRLRLO 0 O O O pecode
Executi on Witeback setreg R1 : Rl = *acc Table 5-4 Set
general registggy Sets theg Qelneral regi stler specifigd by R with the virtual
regi ster acc E@ min N VRS W PP Fster after 2 cycles.
Vari abl e Lengt mwm&% hH: I Y 29 70
5.4 Arithneti = i . 11wb9

5 4 eqgfe (Exegution o o pWetelstkpl R1 KOIKO K2 KOIK2 0 O 1 0 1
w Rl RlL R1 Rl RIsf® 6RDit RetrftioMecode Ex ecUddcote Wit eback
add Rl, R2 acc |= *R] |®Rf® add. w R} R2 acc = RL + %S““c“ma‘m = *acc add
R1, K2 acc =* otg Ki ,&EMWM\/&F?P,XQ?;) c = *Rl + K2 &CMIKA1L kacc Table 5-5
Add Table 5-14 Gofo

This is an unconditional branch to the target address specified by
K11,

5.6.2 Branch Based on virtual register acc value equal to 0

15 11 110 0
1 0 0 0 0 [Kt1]K11 K11 K11 K11 K11 K11 K11 K11 K11 K11
[Decode Execution Writeback
if (acc == 0) issue 64 decode
bit instruction fetch to instruction at
br.acceqd K11 {&CM[K11 & ~0x3] &CM[K11]

Table 5-15 Branch on acc value equal to 0

This is an conditional branch to the target address specified by K11
based on the state of the virtual register acc. If the acc value is
equal to 0, the branch is taken.

36
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Addition results are available in virtual register acc for the next
I nstruction or in the result register two cycles later. 5.4.2 Subtract 15

11 wb 9 5 4 000 1 1 0 w R Bl RLRL K2
K2 K2 k2 R¥OF6EE 1 11 RIRIRL R R R R2 R? pé’ggé',e :
Executi on Witeback sub RI,RZ acC = *RIT - *RZ sub. w R1, R2 acc =

"Rl - *R2 RE 6-3 BraneN BaSad !oh viAtaFredidter thc ‘Q’Hmevba'%fﬁl}?ﬁ %i = *Rl - K2

R1 =*acc Table 5-6 Subtract Subtraction results are n virtual

regi ster acc for thggnext insjfygiion or in the result ge;i ster two cycles
| ater. 30 i 5.4.3 Bitw se
Logi cal AND 15 11 0 0 1 1 Jenfkdt K11 Kt K11 jin K11. K11 K11 K11 i1 1 1 0 O
RLRLRLR RILK2ZK2K2K2K20 1 1 0 1 w%l1RL Rl RRR RR
pecode Execut i on Witeback and™®fag2 acc *Rl & *R2 and. w
Rl,R2 acc = *Rl & * c.and RLCK2 o

acc = R1 & K2 R1 *|2eEC8e | o 5iEyeculion iTEeach X

and constant K2 are|treated asffi®chio)isburdddit Logi qadcodd\D r esul t s

- 2 arel | srisirustier feabrta,,
are available in vifiual Jeq SkEkite o 5

Table 5-16 Branch on acc valie g[e'atgr than 0

s
Y

This is a conditional branch: to.the target address specified by K11
based on the state of the virtual register acc. If the acc value is
greater than 0, the branch:ig taken. Note that the acc value is treated
as a signed 16-bit valiie - :

wh |o 5 |4 0
Iw [R1RT RT R1 R1[K2 K2 K2 K2 K2

~:/|Execution Writeback

if (K2 condition) {
branch target = *R{; decode instruction
acc="*R1 & 0x3; at
issue 64 bit instruction &CM[branch target]

fetch to &CM[acc} }
if (K2 condition) {

branch target = *R1; decode instruction
acc="*R1 & 0x3; lat &CM|branch
issue 64 bit instruction target]

jcall R1,K2 fetch to &CM[acc} )
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the next instruction or in the result register two cycles later. 5.4.4
Bitw se Logical OR[err] [err] Contents of RI, R2 and constant K2 are
treated asyhoRhisabool ean strings. Logical OR results are avedi/abdsei4se .
virtual register acc for the next instruction or in the result register two
cycles later. Variable Length Decode/ Encode Unit Equator Confidenti al

31 72 5. 4. 5 Hiid wagendingiaCbandhxne khetarger adRe§sapédififdesyriRiCont ent s of Rl, R2
and const ant Kasedeontangatedf sasinbér ¢fi condiveisdaing swuei Aysconbdgi cal excl usi ve OR
results are ava{laFlal!flfen baisnecified By th"é’@B&Zelfféggﬁﬁf eonit;ﬁ}feﬂs’éeékt i nstruction or
in the result r X an - Equat or
Confi denti al desf‘él?ﬁd] w"tfg?tl ’4b8’1’ °Q'|3§'°8F npageddi  *R1 are endian ;
rever sed. Blts 3 0 speC|fy the shift left am)unt Shift results are

avail able in vigptoat RRRStEr —agc for—tt ' ' resul t
regi ster two cyukes |[sMjelpitdéacatled bit positions are filled with a 0 |val ued
bit. Variabl e Lesigé hoDkx dciaifbios @Meerbri¢ Eoatiton Beng tedtedt i al 33

74 001-- 100 2 gbpend GB is in the midst of an I/O transaction
GB is In DCT coefficient inner loop
00-1- 1 dctmode processing
00--1 0 dtsbusy DsContinue issued, but not yet sent to DS

pending obtaining access to DTS

GB conditions do not allow bitshifting. The
conditions that preciude this are

. 1) insufficient bits (<40) in the input buffer
011-- 101 . |2 gbstall and GB VO input is enabled, or
2) output is enabled, but there is insufficient
free bit space (21 bits minimum)

01-1- 1 acceq0 acc ==

01--1 0 acc4eq0 ~{acc & 0xf)

101-- |10 2 always

10-1- 1 acc8eq0 ~(acc & 0xff) -

10--1 0 IsbQ CM load stage value is not zero
111-- 11 2 gbstall see above

11-1- 1 acclt0 acc<0 .

11--1 0 accgto acc>0

Table 5-17 brai conditions

Note that a branch if acc not equal to zero (accneQ) can be achieved
with a K2 value of ‘11011°b.
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5.4.7 Optional Endian swap, Bitwise Shift Right [err] If Bit 4 of *R2 or K2
Is set, *R1 are endian reversed. Bits 3:0 specify the shift right anount.
Shift results are available in virtual register acc for the

I nstructi Owo&wqﬁsst he result register two cycles later. Vacawg”(usm'
positions are fiTTed wth a 0O valued bit. 5.5 Coprocessor NMEnory Reference
Oper ations CoprogespPastbpamery | S addressed in 16-bit quantities fromthe
VLX. Load targets and store destinations are specified in an offset from

t he begi nning of co 34 Equat or
Confidential 75 SoRse—at—]taa The | oaded
16-bit value fromc | regi ster

two cycles later . T :____mw‘-"-_-.‘__ _______________ - =Ya " ate of the

| oad staging arca NP i | ues of run
and lev virtual regijsters to ch mgeqfflbs}tuctm:mefatpm eéte useful happens |f
agterangh treget fodobpmfisal |

the writeback bit i sl faptheang | oaded ihto the R1
register. 5.5.2 Stor Eabjet-1§ Fastifanckr anch Operatj ons Branch operatlons cause

a three cycle suspeng gdibe ) amo Qgn! AEHINSE rougtmgre Afheamias 11 three
nop operations were hggkd DREHGH 1A 56 BBfe DHEddIEY BEAGMESS) - AN
exception to this istma bfeg’lﬁﬁmg bsrtwrblap, A it 1|s(ﬂ@|3§go%'g ih&akfisict i ons already in
the instruction buff prefetch. The loop is set powith t the. foif instruction. Instructions in

the code stream need to bz"al 1gned within an eight instruction block,

with the last instructiof” of the'loop at the end of the block. The ioif

is used to set the VL& CP'E?'into fastbranch mode, and to specify the

starting location w1thm ihe. mstrucnon buffer for the beginning of

the loop The starting locatxon is specified as *R1. The starting loca-

tion is precalculated enther by the assembler or by a programmer,

(4 * .InﬁerLoopOﬁfset) +2 (EQ 3)

where JnnerLoopO_ﬁfs-et is a number correspondmg to which instruc-
tion mthe aligned eight instruction block is the first one of the loop.
An JnnerLoopOﬁfset value of 0 indicates first instruction in the

ah ned exghf instruction block.

Compller support can hide this alignment issue. For example, a
fastloop {instr ... instr} construct can be put in place, where the
instructions embedded are aligned appropriately, and the ioif
Tastbranch is inserted in the instruction stream.
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Vari abl e Lengt h Decode/ Encode Uni t Equat or Confi denti al 35 76
5.6.1 Goto [err] pecode Execution Wi teback issue 64 bit

i nstructi Q9967883 decode Fetch to PCT/US99/14560.
instruction at goto K11 &M K11 & - Ox3] - &CM K11]
Tabl e 5-14 Goto This is an unconditional branch to the target address

speci fied )y KDS Opéeratidiisinch Based on virtual register acc value equal to

O [err] pecode Executi.on Witeback if (acc == 0) issue 64
decode bit_instructjon fetch to instruction at br.acceqO
K11 &cM K&-1-1ePsepntinue &M K11] Table 5-15 Branch
on acc value equal to O This is an conditional brangh to the target address
specified by KWL based dd |whi state ofS5tMe virtual® degister acc. If the acc
value is equalftitda @ the H{eoa 1B1tRAkRN)0 G 0 1 0 Equat or
Confidential 77 5. 6.3 Branch Based on virtual register acc value greater
than O [err] [pecode Execution Writeback |

send a DsContinue for DS channel
ioif R1, dscontinuelspecified by *R1

Table 5-19 DsContinue

This instruction sends a DsContinue request to the DS for the chan-
nel identifier specified as *R1. There is no way for the VLx program
to check that the channel is halted prior to issuing this operation.
The dtsbusy branch must be checked prior to issuing this operation
since a DsContinue issued by the VLx while another DsContinue is
in progress for the VLx will cause the channel identifier to be over-
written, and only one DsContinue to be issued to the DS.
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ecode Execution Witeback if (acc > 0) issue 64 bit
decode instruction fetch to I nstruction at br.accgtO K11
&CM K11 & CM K11] Table 5-16 Branch on acc vg t han
O This is 8%%%&9?“0“6“ branch to the target address speC|f|ed %3 K%? based
on the state of the virtual register acc. If the acc value is greater than
0, the branch |§8tagg1 fidhgt the acc value is treated as a signed
16-bit val ue. 5. | ex Conditional Branch [err] Decode Execution
Witeback if (K2 co gch t ar get -‘ *R1;
decode instruction |gee—m—t-Rlk10dd

I nstruction NEDESOch , A w22l
&M acc] } if (K2 donditlon) 1 %r b O Kér’ﬁe‘ﬂ 2'*?8 R2 R2 R2
decode instruction acc = *Ri Ty at &CM branch

i ssue 64 bit instr u@?‘?&ﬁ"l’e“““‘“‘s sre sued from eV LE:Ei’l‘ BB. Mere  fetch to
& M acc) } Vari abl e"lr ‘{:ﬁﬁ“ g&?téﬁc‘lﬁgmﬂz s{)? @?‘rrgxi%ﬁt i al
37 78 This is a condl naI th e% argét a §s specified by

*Rl based on any o he conbi -
nations can be speaq f condi- tions

64 bit
fetch to

within the same bank can bl y. These
a..G oberation GB operation
“ispecific. Jspecific.
3Boy USmg

lgb K1,R2 *R2 in_plate,of K2 ‘see above Isee above
Table 5-20 gb operition

The K2 of *R2 is the argument to the GB operation. For the MPEG2
table looﬁcup fiinctions, the K1 operand specxﬁes that a hardware
accelerated table lookup to one of these tables is being requested.
The K2ror'*R2 ‘operand specifies which table is being used.
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are described in Table 5-17, "brai conditions:' on page 38 BANK K2 [ 5: 4]
Bit for value of K2 condition NMenonic Condition Being tested 001-- 00

2 waodRRresd GB is in the mdst of an 1/ O transac@musdd4360 .

1 dct nnde (B is in DCT coefficient inner loap processing 00 1
O dt sbusy DsConti nue issued, but not yet sent to DS pending

obt ai ni ng 28368 Bib ShfIng®nesations ons do not all ow bitshifting. The
conditions that preclude this are 011-. 01 2 gbst al | 1)

i nsufficient bGBX1(mrkdonicn Kihealueiput buffer and GB 1/0 input is enabled, or
2) output is Wnsufflment free bit space (21 bItS

m ni mun) 01- 1 acceqO acc == 0 01--i

accdeqO - R%s&f) 10122”2350 2 al ways 10- 1- :
acc8eqO - O(ff) 10901 0 . IsbO CM | oad st age
value is not ro.lll.. 11 stall ___see abgve 11-1-

1 ac _sig_p Wyriteback/GB shifh & m acc > 0
Tabl e 5-17 brdi conditions Ley ﬁBBishiftamoutrwtfere:qual to zero
(accneO) can He achieved wit i g ‘!@th@ lehgttngpecifiod 3@ or

Equat or Confidential 79 GB with K2 or *R2 as a | "% New nZerois

determined, symbol value
GB operand; GB e 4k B
determines GBsign; modified if shift amount

] . lgreater than 0; GB mode for
gb G_GETSYM,K2 GBsign affects dctSign symbol presents symbol

gb G_.GETSYMR2  [|'3lue value as in input buffer

GB shifts input buffer by
send the GB operation jlength specified in K2 or
specified by K1 to the I'R2; new nZerois

GB with K2 or *R2 as a |determined, symbol value

GB operand; GB modified if shift amount
determines GBsign; greater than 0; GB mode for
GBsign affects detSign |symbol presents symbol
gb G_REVSYM,K2 value value in reverse bit order
gb G_REVSYM,R2 until changed

GB shifts input buffer by
send the GB operation Jlength kept in internal
specified by K1 to the jregister set by last GB
GB with K2 or *R2 as a |hardware accelerated table

GB operand; GB lookup value; new nZerois
determines GBsign; determined, symbol value
GBsign affects dciSign |modified if shift amount
value greater {han 0; GB mode for
gb G_ADV2,K2 symbol presents symbol
gb G_ADV2,R2 value in reverse bit order

The GB consumes bits in the input buffer under programmatic con-
trol. The pipeline for when the virtual registers are affected is
described in Figure 4-3, “GB Bit shift operation pipeline,” on
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5.6.5 Fastbranch [err] pecode Executi on Wit eback
turn off instruction prefatching, set loif Rl, fastbranch fastbranch target
to | oop abl e 5-18 Fastbranch A fastbranch is a onepé&pnRbdiitseo

i nsrui Ct%%&fatgg% where all the instruc- tions reside in tﬂe instruction
buffer so there is no delTay to return to the beginning of the |oop, and
there i s no ongoi qggért,structlon prefetch The Ioop |s set up with the ioif

instruction. Instr ct| §va t ene t t e men enaolflﬂgned within an
ei ght |nstruct|on-lgf F ¢/ oop at the end
of the block. The yaQkf ﬂr@seh‘t@@ Bﬁl sm—t)ﬁe étjrehxﬂ 'Ph ﬁﬁidbf anch node, and

to specify the Stadintslréwesbxﬁmtvmoumwmmhkm fonsiddustd anelusfs er for the
begi nni ng of the I|woop.v2TIskifdigthe VLG dnda%wﬂngols of pedaffut @ckaas *R1. The
starting loca- ti ovpuldcapseeldHitsi by eusuresd- h@r’ b thtralus sedibeer or by a
programmrer, accor dig#ito the fol | owi ng eqaj don: (4 * InnerLoopOfifset) + 2
(EQ 3) where InnerLoopCifset is a nunberLLCQf”r*"*e§pond| ng to which instruc- )
tion in the aligneth eight instruction bl oCksis the fir&tb#resitien t he | oop.
An | nnerLoopCf f setx val ue of x0 i ndi aat & vbif,sb ionsor wctd omaluss i pubdtiegied
ei ght instruction block. NOTE: Conpi l é’e% u'ppor-t c€an hi dgzkRi=ss al i gnnment
i ssue. For exanple, a fastloop (insf#u, .% instr} construcg n be put in
pl ace, where the i nstructl ons errb@d -are aligne pp %@ and the
ioi f fastbranch is*idsett&d™ n*t fie™ %ed][ Mcti 8ng°s 8 i 6V§~P gEMLSé’ g?’h
Decode/ Encode Uni t Eqfat®r 0Cénf 1 déRyytarz s x x x x36_8BFVSYM symbo

Table 5-21 Symbol exe_;mpl_e :
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5.7 DS Qperations 5.7.1 DsContinue [err] ecode Executi on
Witeback send a DsContinue for DS channel ioif Rl, dscontinue specified by

*R1 Tabl ew%%%., Continue This instruction sends a DsConti nperfiSshasés .t O
the DS for the chan- nel identifier specified as *RI. There is no way for
the VLx programto check that the channel is halted prior to issuing this
oper at i on.5.g hGBISpREIG bpmﬁbngust be checked prior to issuing this
operation since a DsContinue issued by the VLx while another DsContinue is

in progress fogpkitn¥ménid |k1 vaiidse the channel identifier to be over-

witten, and 7 t be issued to the DS. 40

Equat or Confi dentral” 81 . (B Operations [err] CetBits operations are

i ssued fromt@gliéﬂﬁ(o a%ok?o&l?@ha thl’lg@{e%?ﬂe%# é,\ﬁg%t!f&?.t‘;igctl ons that are used
ac

to.explicitly-pass off an operatfon to he K1 operand
transl ates di pEetty—to—o=CE= e _

send the GBS SBeEd *g';.e'“. “&é;.i =
) e
a GB operand| GB : Spﬁﬂ i g@mam Tt

send the GB operation z‘rjsflerr:errnf‘:z:ns'
specified by K1 to the ©

: & lengthMask
GB with K2 or *R2 as a |25¢
GB operand - length where the lengthMask has

one bit set for iength
{speciﬁed

tual registers such as dctSign, symbol and nZero are unaffected. Bits
are spliced into the output stream from most significant bit to least
significant bit order using the ace value as the source bitstream.

Wit eback
GB operation

X5
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gb K1,K2 GBsign ; see aboye using gb KI,R2 'R2 in.place of K2 see

above see above Table 5-20 gb operation The K2 or *R2 is the argunent to

the GB operation..For the MPEQR table | ookup functions, the .

specifies ‘P’ﬂé’?ggbsﬂar dwar e accel erated table | ookup to one of@@gh?%gl es

is being requeSTeéd. The RKZ or *RZ operand specifies which table is being

used. Variable keanggk E8RAGEY reabh&quat or Confidenti al 41 82

5.8.1 (B Bit Shifting operations K1 menoni ¢ K1 val ue G GETSYM

0011 G _REVSYM /2 10100 pecode

Exe/ GB sign & count send the GB operation GB

shifts input buf f er ®e§"CPeci fi ed to the ¥ ength specified in K2 or GB

with K2 or *R2 as aCG:PBTORTew nze®BO%180 GB with K2 or *R2 as a deternined,

symbol val ue GB opeGaWRITEGB 0bt9@0 f i ed i ¥ Ehffy anount deternines

GBsi gn; greater than 0 GB node for gb G @ETHYM K2 GBsi gn affects

dct Sl gn synbol pr esEnnfigusarioh opergjiv@CEPE IR f the input buffer, the
€= NpU

value as in input buffer GB sh olv ion
| ength specified i [K&oder speci f i dekelSB “H

with

K2 or R2 as a deter If (ioBitMask & 0x1), align input

buffer position on byte alignment.
This will cause a reread of
previous bits if the input byte
stream is not aligned and the
symbol value is modified.
et (e if (ioBitMask & 0x2), align output

. eration sp ecnf:eg buffer position on byte alignment.

by K1 to the GB withiy. .~

TS This will cause the output
K2 or *R2 as a GB bit to b ted to th
operand - ioBitMask itstream to e.trunca ed to the

nearest byte alignment. To not

lose output bits, the programmer
may choose to splice 7 O-valued
bits into the output buffer before
aligning the output buffer. This will
function as a zero-pad.
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GB operand; GB
than 0; GB npde for

G_REVSYM K2

GREVSYM @ O 99/678

(Bsign affects dctSign synbo

8glue
until changed GB shifts

by send the GB operatlon

regi ster set
operand; GB
det er m ned,

val ue

synbol presen
reverse bit o

S

In |nternal

S

"aP pg@ﬁf@d dist

rengtn kept

speC|T|ed by

nodified if shift anount determ nes GBsign;
presents synbo

value in reverse bit pép,@,gggp

greater

gb
ter

N to the
ated table @B

ilf t anmount

value in
)

programatic

affected is d
42

value is the

i ndex. For ex
according to {
Cb' 00001" whi
and its val ue

the VLC, t he val ue,

bon- trol. The plpellne for
bscribed in Fiqure 4-3, "GB 'rh*ersnsfbn;fferpﬂomtaimncqmi
Eguat or Conf i denjPp a¢adg8ign =
next 16 bits frjomthe curren
hnpl e, the folljowng table s
he bits in thesdidited GBam T}
th is followed [pReratiopapegifiedf
out of the inppYX$iorteaGPuih
and the sﬁgﬁlﬂ%
eran

s
is

1" bn V cha B
i m%{;&% &a%eté)fu
sequence from n= 0 ton = 15 of

G_WRITE is needed. Otherwise
the GB I/0O state is indeterminate.

tct

the first 16 bits of the input buffer

ill change the symboi value.
gb G_WRITE, K2 See "GB configuration options
gb G_WRITE, R2 (G_write)" on page 47.

B etshm sthtel WA == 0@k 3

= 1pthg O SL@fferTH
nfwgmq Wi beftvnttﬁeusms g

p 6

Note that changing the contents of

ters are
peline," on
e synbol

t buffer
sent ed

dent the VLC
g the VLC
consuned -

output buffer or the configuration of the GB. Note, that as the state
of the input buffer is changed, the values seen through the symbol,
nZero, and any values affected by GBsign may also be affected.

5.8.3.1 GB SETOPT OPTIONS

GB options are treated as a set of bit values. G_WRITE

Bit Meaning

4 i set, forces GB into DCT processing mode

3 Specifies what to count for nZero as leading bits: 0 or 1.
If clear, disregard bit 3 and count contiguous 0 or 1 bits
depending upon the value of the first bit encountered. If

2 set, count only what is specified in bit 3.

Table 5-22 GB G_SETOPT bit setlings

46
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15 O bit position x x X
X X s v2vivO1 0O 0 O O O values in inputstream* * * * *

nZero 5%W&SX X X X X X sv2vlvO1l 0 O Opc@rusdedsedTSYM
synbol E) 0O 1 vOvliv2s x x x x X _x_CGREVSYM synbol Table

5-21 Synbol exanple Variable Length Decode/ Encode Unit Equat or Confidenti al
43 84 5.8.2 GB Sphii ci r}@eaqp,gr ations GB Kl menoni ¢ K1 vaI ue G SPLI CE

011111 Splicing opeta R BT oS NSOt 17 g ootput buffer.
Vir- pecode ' )

Fxel disabled)
| ength into output s ndt buf.f en i ficant bit
specified by Kl to tﬁ lpset‘t“:‘enerp{% °u$pum) tE%OL\'/\F? u*lé (Q‘%ﬁfg[@lp%g a acc &
| engt hMask GB oper ant#® esl"@nﬁBrP—SE\mﬁTé"fﬁ‘fﬁgﬁe BMask has gb G SPLI CE, K2
GB operand - | engt HFor epameplyiifia wibite of Ob’ 00 &CH i%pg‘bf‘@ySﬁhh@;mout—
specified tual regisrueess eopiied, and ely Bading 03 Wtﬁd .Wnﬁiero are unaffected.
Bits are spliced into the output stream from &
significant bit order, yglznggtggoﬁﬁguxﬂlgﬁoﬁ,ohgqgswﬁ? bitstream 44
Equat or Confi denti al '

The GB conﬁguranon allows the’

stéte to be read (1fn = 0) or

Bit ;
15 If set, do not generate output as input bitstream is shifted
14 If set, enab!e outpul

If clear, dlsregard bit 12 and count contiguous 0 or 1 bits
dependlng .upon the value of the first bit encountered. If
13 Jset count only what is specified in bit 12.

12 Specxf es what to count for nZero as leading bits: 0 or 1.

e The DS Buffer 1D for the buffer from which the input buffer
wnllebe populated.

B;t Meaning

16:10 Reserved

Specifies the current bit position index. New bits will be
9:5 added at this position.

Table 5-24 GB output buffer control
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5.8/3 @B Configuration operations G KL mmenonic K1 value G ALI GN

G @L000 G SEWd%/67883 bO1100 G WRI TE 111000 REF/U§WHASG00N
opgrations nndify th state of the input-buffer the Decode——

el B Witeback/GB config If (ioBitMask & Ox1), align input
ffer position @it byteasthggnment. This will cause a reread of previous
iAs if the i npulg: YT Resarid8M 1 S NOt al 1 gned and the send the GB

ynbol val ue is nodifi ol QP E@Yfz}fa @J i t operation
fspecified buffer pos?ﬁ?ﬁigp ‘%E{bé al'l égﬂn@ﬁ@ °p tk%rg&ﬁh%g G with This
twi ||l cause the output Or R2.a bitstreamio be truncated to the
" operand i0BitMsk, nearf%ﬂffﬁ thgthgf?ug%&n;gsrﬂeper‘?%dr?(%tmplué'ge output bits, the
programer nmay choose . to 8 icgﬂ7 O valued bits into the output buffer
24 GB output buffer

before gb G ALI GNEPIK3 control aligning the output buffer.
This will gb G AThehpufbuffer control is as follows. function as a zero-pad.
~Vari abl e Lengt h Decode/ Encode Unit Equat or Confi denti al 45 86

send the GB Biffel IMeéaB@nghet her to count 0, 1 or operation specified both

| eadi ng bits and QT TRdsedid

Specifies the current bit position index. Bits will be
10:5 consumed from this position.

4:0 Reserved.
Table 5-25 GB input buffer confro!
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by K1 to the GB with is enabled. The bit values for the K2 or *R2 as a CB

operand are desovshesl | n gb GSETOPT, K2 oper and Fi gpdrruboodtedsol ,
"B setopt gb G SEIQPT__R2 oper and options," on page 46, Swap GB 110
state. If n == 0, the current DS buffer information can be read; if n == 1,
the DS buffer infoP.8dkGBIMREGR Hardware Talvle lookup bperationsal ue resul ting from
send the GB execution of the follow ng operation specified
instruction. If nis & d o fhan 0 or 1, an
1/ O channel swap K2 or _m : s wagase, a full K2
or *R2 as a GB sequengERrofm o —drtp o e G VW TE
is needed. O herw se t : ‘:khm{g t hat changi ng

the contents of the fi ' i Pl DLt T Wi | nge the
synbol value. gb GMRI T-II:E}X,%LeK%)Qm%ﬁsSCORESPBWm aQP;%LpTS ' ‘r;%eeem'a&g@g%fi guration
options gb G WRI TE, RZGBKZQr* X ¥" on page 47. out put

buf fer or the confi gura-8a—-g 23 = Gl the state of the input
buffer i s changed, thePx&Ries seen t hr S8 4hm,.sYbol , nZero, and any

val ues affected by GBsBdi¥Mmy al so be #b9981£d. 5.8.3.1 GB SETOPT OPTI ONS
GB options are treatedcagon set of bit oﬁédqge‘%%, G WRI TE Bit Meani ng 4

|f set, forces GB intogld processi NQ.§BeRcE: Specifies what to count
for nZero as leading bitgep0 or 1. If %Egﬁg di sregard bit 3 and count
contiguous O or 1 bi tsG ggndi ng u%_g__)h@% -%;voal ue of the first bit
encountered. |f - i, 000N

G_MAI * "0b01000
G_CBP ' #0b01001
G_NZPA M, s 0b00100
table. The K1 valug"fG_HWACC) is always 0b10000. The K2 or

*R2 indi_ciie.g__ghe MPEG?2 table in which to do the lookup. For all the
hardwar€ encoded’ MPEG2 tables, an internal register is set with the
lengt_;ig;’of Elge VLC plus the bit length of the value. The G_ADV2 GB
operafion/must'be used to cause the bitstream to advance over the

Vég@:%nd“?i sValue to the next element of the bitstream for G_MOT
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set, count o

nly what

bit settings 4&o 99/67883

Conf i dent

Is specified in bit 3. Table 5-22 GB G _SETOPT
Equat or

lal 87 pCyUS99/14560 .

ut _buffer (input 1

Meaping If set.__do not read any nore input into the inp
i s /di;Sabled). 0O If set, generate output to the output buffer (enable
_ p{Jt) Tabl e 5- 2 Za6IBreferShcEORE al)itd tablet defingd forMPRGRAAM.252. i f a val ue of

¥ ooLaL

(G—MRITE) The GB
r read/ witten (i
tate is read/ wit
Higure 4-7, "VLx G

flollwing. Bit M

bitstreamis shift

and count contiguo

encountered. |If 13

Spci fies what to ¢

for the buffer fro

The DS Buffer IDt
Bits

fen. To deter
B 1/0 sfate,

pani ng 15 I
pd 14 I f sef
s O or 1 bits
set. count
punt f or
@b shHAct)e d
b whi ch out put

I s.specified both input and out-

oD U buffer“
data will

put are enab

WRtdbatW

he tab@lacacute .l Bewrtalslal!

B St
Qth fdm :Bbl@r
B:a0 bits #Y0 lof

spebghent . Tab

)l ts specify' the’
put put as i nput

Ied and only
ONS

okdp n

—

see

ar, disregard bit 12
e of the first bit

nbit 12. 12
1. The DS Buffer ID
be popul ated. "5:D

e 5-23 @B Control

gb G_HWACC, G_LUM

send the

to the GB

lookup request

Given the current
symbol value, return
as the symbol value
the luminance value
in UIMSB (MSB in
bit position 15) in
bits 15:4 of symbo!
and the length from
table B.13 as bits
4:0 of symbol.

gb G_HWACC, G_MBI

send the

to the GB

fookup request

Given the current symbo/ value,
look up the macroblock_type for
I-pictures (table B.2). Return as
the symbol value, the 6-bit type
in bits 10:5 and the length of the
symbol in bits 4:0.

send the

to the GB

gb G_HWACC, G_MBP

lookup request

Given the current symbol value,
look up the macroblock_type for
P-pictures (table B.3). Return as
the symbol value, the 6-bit type
in bits 10:5 and the length of the
symbol in bits 4:0,

30
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The out put buffer control state includes the following fields. Bit
Meani ng 15:10 Reserved Specifies the current bit position index. New bits
will be 9:5 w gsat this position. Table 5-24 GB out put bufpicarusyonissol

Vari abl e Length Decode/ Encode Unit Equat or Confi denti al 47 88
WO 99/ 67883

PCT/ US99/ 1458 ; ; 422 R%c;w@ J. Aam
generated to|the output buffer (output 1 i ”" éﬁ' ﬁ%ﬂz\het her
output is geperated as inpl.d e consurred ,a‘f; g‘,’ (ﬁ; HL buf f er
control The | nput buffer cqkiplegiisstias follo hb sym agpuéqg,e

Reserved Spefifies the curifietedBt {osi & on i nde mbl’ﬂ;uﬁsmdthebegtﬁeftﬁe
consuned fromthis position. 4:0 Resekved. Talbymboligbit<3B0i nput buffer
control 48 |gb G_HWACC, G_MB Equaf’W Banf i derftial 89

Given the current symbol value,
look up the
macroblock_address_increment
(table B.1). Return as the
symbol value, the 6-bit value in
bits 10:5 and the length of the
symbol in bits 4:0.

:\ﬁ‘

lab G_HWACC, G_MAI

Given the current symbol value,
look up the
coded_block_pattern (table
B.9). Return as the symbo/
value, the 6-bit value in bits 10:5
rand the length of the symbol in

bits 4:0.

%57 send the Return as the symbol value
gb G HWACC%%{ lookup request (symbol >> (nZero+1)) & Ox1f
G_NZPA ,gf » to the GB
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8.

O

GB MPE&R2 Hardware Tabl e | ookup operations 15
woooré¥sds O 1 1 O

1

11 wb

5.
5
1
I

0900 GLUM

' b00111 G_MAl
Q0100 table. Th
ndi cates. the MPH
ncodded MPEGR t alf
MLC plus the bit |
to cause the bitst
el enent of the bit
Confi denti al

for
hw

MPEQ2 in H. 263

GJG)lOl G

:GZtabIe in wh
| es, an | nternfg

stream f pgok&aVO

49}r&fdest
W i t ebpeite G|

L ookup
|

|
|

gb
G_HWACC,
G_MOT

ength of}the v
reamto gr\’c?tﬂ&

tabl e | ofup G

I\/BP

ch to
Biveh€(J
eue.

urpang
Fymkg! i
"‘T' %l e

the
moRbhn ¢
code
value

opkup of a value in an MPE&R @B K2 or *R2 mmenonic GB K2 or
Note that the G_MOT is a foolfi3pE @B/Ceration, requiring

R2 val

0b00110 G I\/BB

do th c‘?‘(b’&@b
Tster 'séeéf“”
he GAJ 0
the VFLo ot {
bl e LR Qg@ De
r ef er gB@AGinar ¢
code he number
he cur fokbits thatni
make up the
motion
residual in
the bitstream

For aI the
th thejl ength
per at i o nust |
s val u¢ to thg
tode/ En¢gode Uni
b al |l tq
Exe/ (B

hol valge, ret

t abl ed!

0 0 0 0 K2 K2 K2 KPCHES%9/14860.1
0O 1 0_0 0 0 R R R R R These operations correspond to a

ue GCHR

0bQ0011

;ﬁsf tge |
valuef the
potimed
epidyal in
\4 t or

oo

LAY the 8 bit
signed
motion code
value in bits
7:0.

twice the number of GB cycles to perform.
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as the synbol value the chrom nance send the val ue in U MSB | ookup

request (MS position to the GB 15) in bits 15:4 of P@ym%gb,lé@@
the |l ength 1‘8?'8%9%%2\%% gb G HWACC, G CHR 8.13 as bits 4:0 of
synbol. Gven th ue send the

the | um nance val n UMSB (MSB in to the GB bi t
position 15) in blg%é%gﬁe %%béqé and the length fromtable B.13 as bits

b G HMCC, G LUM : Op.of synbol G ven the current synbol
8a| ue, send the L “L“"Qg InxJz B 0 y

k-type for
| ookup request ;;1_;%&; 2K n as to the GB
t he synbol value, thejl6-hit tlype Pn RﬂRZ}BZIRéri@?th of the synbol
in bits 4:0. gb GHWCC, GWBI G ven the CUT T erfeass )ol value, 1ook up the
macr obl ock-type for s EhaiGB freexplicitly forced into DCT) rc«’iﬂssmg Fh c’fhsrvelse ef abl e B.3).
Return as | ookup request t hedsvabats type to

the GB in Qits 10:5 and
ecode Exe/GB o,

% Using the nZero,
i:gfatt?:neg?,_ :ibuffer by length read the
specified by K’ _w specified in K2 or  |corresponding
the GB%ﬁthﬁkﬁ“&F *R2; new nZerois rinZero] register
'R2 a §“e G’@n determined, symbol land calculate

& lue modified if the table Index
operand GB val : w
determmes [shift amount greater jvalue (See “DCT
e Bsrgn GBs;gn than 0; GB mode for |Processing” on
# i are: bclstgn symbol presents page 24). Yields
gb G_DCT, K2:._ raliis: symbol value as in lan updated
gb G_DCT,R2 {3, & input buffer symbol value.
the K1 operand is ‘0b0000°. The GB can also be put into DCT mode
via the 5 SE’ITOP’.I’. And the brai.dct will also put the GB into
DCT rgxbde Seé'Séction 4.2.4.5, DCT Processing, on page 24, and
Sectloggﬁ 4 D}gT Table Setup, on page 60 for more mformatlon
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symbpl in bits 4:0. gb GAMWACC, GWBP 50 Equat or

Conffi denti al S#%oo9ve@s¥en the current synbol value, | ook up the PCT/US99/14560.

macft obl ock_type for send the | -pictures (table B.4).

Re urﬁ as | ookup request he synbol value, the 6-bit type to

t efGB 586VLx PIO RegiétebB'it% L1 5 and the length of the synbol in

j G ven the current synbol value, |ook up the

Jend the The followmg tablenhtsnwbcmadcbim3>1tluscsr Bheeets onookup [err]
(table B. 1). s—+he—-o—the—GB- oyﬁbPl val ue,

' i I':l H
he 6-bit value in 895 and I fthesynbol in bits 4:0. gb
HMCC, G MAI G ,ME% gg\, —eH-Fent gf& ﬁgkqﬁﬁho%

yl[ 1
Coded bl ock-patterln (table | ookup|r I E pata. ﬁways &ateﬁkhkﬁ V?{ Ret urn as
6

| . .
the symbol to the |@@malRFDataPort  [31:1 mde”‘T?{f‘g °”2‘§,25§2%’e'ea TRCAE i N bits

10: 5-and the | engtjh of the synbol |in Bintugs hofe. gb G CBP} send the
Return as the synijor—vatoe

D

- |RAM address. Current location used by
NormalRAMAddr 15:7 the VLx.
NormalGBPending 6 GB has outstanding request to 10BUS

NormalSetRFAddress |5 Must be 0 for this mode
Cool down the GB, Stops the GB from

NormalGBCool 4 making any input data requests on the
1OBUS
NormalBreak 3 Debug break. Must be 0 for this mode.
: ' Causes VLx PC to be reset to 0 offset
; NormalReset 2 from CM1 bank.
Single cycle execution of the VLx CPU
NormalStep 1 and GB
NormalRun 0 Turns on the VLx and GB clock

RF data.}Always updated with the values

.+n|Present on port 1 (R1) when read in this
RFReadRFDataPort1  131:16 mode. There is no effect when it is written

in this mode.
RFReadRFAddr 145011 :cei:r;tiﬁes which VLx general register to
RFReadWriteRF 10 Must be 0 for this mode

---unused--- 9.7
RFReadGBPending 6 Same as NormalGBPending
RFReadSetRFAddr 5 Must be 1 for this mode
RFReadGBCool 4 Same as NormalGBCool
RFReadBreak 3 Debug break. Must be 0 for this mode.
Table 5-26 PIO Register Bits of the VLx
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gb G _HWACC,

| ookup request

(symbol >> (nZero+1)

) &

x1f G_NZPA WO 99/67883 L O the GB Variable Length Dgacode/ Encpde PN 2d60 "
Conf i denti al 51 92 Note that the GMOT is a nulti-stage GB
operation, requiring Decode Exe/GB 1 WB/GB 1 Bl Decode/ GB2
Exe/G3B 2 G 2 RégetenFlelgV | 1 LUl _ returmast he
r egi st er nust Mnemonic sy nmbqsité3 |peseription remain
val lﬁ'e, t ge the RFReadReset |2~ |same as NormalReset motTomgur” 52'[6
n ; restitraen
this |ookup symbol M&%L@éﬁme 28 NofaiSiep deternine
(MBB in bit request | [Zif#AIRYN. Phe |SARAES NormalRun
position 8) in to the . 01R1tppt “§elhbethis value when the
bits 15:8, GB notion RFWriteRFDataRgft1 pi|g&1§ mﬂlst % mgnﬂrmglsglqutltsg'glue is
code makel up_t he si gndd tup‘éﬁinm? /e read in this mode
Equat or Confidential B3 writeReAidd CB [ﬁ)@h ﬂf«*ﬁgﬁﬁ%@@hmx general registdrtowl] 9
Lerr] RFWriteWriteRF 10 Mi__._x,g_t be 1 for this mode
--unused-- A Y
RFWriteGBPending Gweem| Sathe as NormalGBPending
RFWriteSetRFAddr_ﬁfﬁ- : :gldudsrtegz (1) nf?of gl;st)n;:fe- Forces an
RFWriteGBCool %ff‘ Same as NormalGBCool
RFWriteBreak g '3 |Debug break. Must be 0 for this mode
RFWriteReset . 2 Same as NormalReset
RFWriteStep i 1 Same as NormalStep
RFWriteRun,, P Same as NormalRun
-~-unused-- 31:16 .
SetBkptRAMAddrBkpt [15:7 |RAM break point address in 4K RAM
SetBkptGBPending 6 Same as NormalGBPending
| SetBkptSetRFAddr 5 Must be 0 for this mode
.| S€1BkptGBCool 4 Same as NormalGBCool
SetBkptBreak 3 Debug break. Must be 1 for this mode
| SetBkptReset 2 Same as NormalReset
SetBkpiStep . - 1 '|Same as NormalStep
SetBkptRun 0 Same as NormalRun °

Table 5-26 PIO Reglster Bits of the VILx

register, defined in the MAP1000 PIO memory map. Depending on
the mode of this register, the bits take on different values. There are

four modes:
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is explicitly forced into DCT processing node. The val ue of
Wi tleback/ GB siwofsp/6ras8ode Exe/ GB and count PCT/Y§94¢560 -

senfl the B _ B shifts input—Using—the—nZero—butfer—by—ength r ead
operation specified in K2 or. correspondi PS%Q(SFpeCiIi ed by Klto *R2; new
r/t{pi s r[nzZer o] *r.egi Newiel Mde: @ealyit §andiNegma Addris@g det er ni ned,
syrbol and cal cul ate opBF Rast Mpye: Break {s), RERpasi§etRFAddyis 1, 4e t abl e | ndex

Et er mi nes shift anBERead§rgelFf Oval ue (See "DCT .deternines than O;
node for Processing BR WilsMpde:dedkgn 0. REWeteBF§drds hrend synbol presents
age 24). Yields gb G DRFWrigghriteRFis 1 “gynhol value as_in an updated gb
BDCT, R2 i nput buf Besakpoint Mode: SetBkptBreaksiy hpatBhpiRERddrisn® K1 operand is
'l0bC000" . The GB Cafisahtioddre nftpladaiuge NP 1000080 hetndrMak; bREEOPT And t he
brai.dct will al sSo njeddly b bevédeniceitThe PP 1000/RPIO iBex@ory map is definitive.

Secti-on4. 2. 4.5, DCTProcessi ng, on page 24, and Sectin 6 4, DGI Tabl e Setup,
on page 60 for nore information. Variable Length Decode/ Encode Unit Equat or
Confidential 5.9 PIORegister Bit deGcyipti®h® Regi ster Bits List The
follawing table lists the VLx PIO register bit uses. There is one Register
Fi el d Mhenonic Bits Description RF data. Al ways updated with
tlhe val ues Norrﬁ‘t?ﬂFR‘é_'ﬂaPort 31: 16present on port 2 (R2) when read in this

The Run bit (NormalRun, RFReadRun, RFWriteRun) indicates the
status of the VLXx CPU and GB clock. If the bit is set, the clock is
turned on. If the bit is clear, the clock is turned off.

5.9.2 GBCool
The GBCool bit (NormalGBCool, RFReadGBCool, RFWriteGB-

Cool) indicates whether the GB input is enabled. When the bit is
set, input is disabled, When the bit is clear, input is enabled.

5.9.3 GBPending

; i The GBPending bit (NormalGBPending, RFReadGBPending,

: RFWriteGBPending) indicates whether or not there is an I/O trans-
action in progress for either GB input or output. This is a read only
bit. If the bit is clear, no I/O transaction is in progress.
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Nor mal RFDat aPor t
t hi s node.
by Nor mal RA d%gr%"

31: 16 node. There is no effect when it is witten in

node Cool down t

MAddr 15:7 RAM address. Current |meagssn4assacd
5: 7t he VL-x. Nor nmal (BBPendi ng 6 GB has
out st andi ng request to I OBUS Nor mal Set RFAddress 5 Must be O for this
e gagNor mal GBCool 4 maki ng
any input data requests g‘%?ﬂ g?%gﬁlormal Br eak 3 Debug

break. Must be O for this node.

Nor mal Reset s L1 CML bank. Normal Step 1
Single cycle exegu?i JH%H?"F%QBQ}LX CPU and GB Nor‘%l Run

Turns on the VLx andﬁiﬁigj &Qﬁngﬁed@b@@ﬁ"am@ﬁ

RFReadRFDat aPor t |

pres

There is no effect wien |t'hq’é‘:fﬁff}13t(‘é’ﬁjo§hﬁ“‘f‘I§F B(aﬁpﬂééHWAddr
15:11 ldentifies which VLkhq;\éhewrasraméQM@bﬂrio @ iREEMRRbadW i t eRF
10 Must be 0 for this nideeCMI shawidtescknabled for acgess by $he/VIRFReadGBPendi ng
6 Sane as Nor ml CBHE%@@PBFB%E‘%%EQEWYLKWIﬁ beginMithictRA ete-f Or this

cution. Thé GB WIII%theMeEBGM ﬂi&aﬁ% gak
Mustrobehe@HOr t hi s nbidg, i'%i;abl e 5-26 Pl O Register Bits of

node RFReadGBCool
3 Debug break.
t he VLx 54

6.2

Prior to loading the V%Q%g?&n{m@él\ddﬁx@tdhﬁ ba%? in the
FFU must be enabled fpx Viszgto allow access to the CM bank from

the DTS. This requires settmg the FFU into vld_mode via the unit
bits in the 3d2dContr%Mg£sier

k2
The DsContinue issued’ from the VLx requires setup prior to use.
The VLx suppliés'thé " V1dDsContinue with the six bits (17:12) that
1dent|fy the D§* channel.to be DsContinue’d. But the VLIW program
is respons1ble for ihitializing the remammg bits of the VidDsCon-
tinue register, such thgt the write of the six bits from the VLx causes
a PIO tg be 1mu§§ {0 the DS.

=

f’* tdownlstate save for context switch

G %ﬁfuf Shutdown or context switch of the VLx is initiated under
45 the‘sontrol of the program executing on the VLIW core, but requires
ﬁ goope dtion from the currently executing VLx program as well. The
*s% %equence to do this would be as follows:

VLIW program communicates to VLx program in an
application specific manner that a shutdown/context switch is
requested. One mechanism for this would be a write to an
agreed upon command location in CM by the VLIW program
which the VLx program would check at well-defined times,
like when in a GBstall condition.

0

ted with the val ues
wien read in this node.
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ster Field Menonic Bits Description RFReadReset

2 Same as yNgbygsieset RFReadSt ep 1 Sane as NOPGEER4S6R

R;adRun. Q Sane-as-Normal-Run—RlL-port—is—set—t0 this val ue
I

n the RFWiteRFDataPort1l  31:16 register is witten in this node. Its
¥4l ue i s undefined' wheYLiWagogram phYlkx programmisaples GRA/Q input 15: 11

I dentifies which VLx élrférvat“dr?égﬁ“ﬂ‘éfa%aﬁ?\ﬁ%“t‘éWi"t‘éRﬁg“m 10 Must
be 1 for this node - - uFUERHssing input. 9.7 RFW| '_teGBPer%ji ng 6 Sane
as Nor mal GBPendi ng RFWMLE&S2faroqyf} flush GB output by spliging wjih Oibliso ¢ i s node.

iForces an 5 addr ess Véatpepgrm gisables 1iQrawptpute GBCool 4 Sane as
|Nor mal GBCool RFW i-t eBr &dix program saves GB /O charel SdetbtmyCWk eak. Must be 0 for
ithis node RFW it eReset VLx pogrdinsasesay Metinedt [pesgedm ReMdsucle 8t ep 1

'Same as Nor mal St ep RFWrégisidRiyalues) to CM. Tie VLx SagmmasayNerwritleRim - - unused- -

31. 16 Set Bkpt RAMAddr Bk such ajwryzhat fhenfirssiesiiectings arecaigd piargeseh 4K RAM

Set Bkpt GBPendi ng eheck to seg ifthis is adssshapapEstMRIpn SE ChiEk Bt READY 5
Must be O for this nod p@gl”%‘? @i jamping to appropriate’pragiaM 45 Nor mal GBCool
Set Bkpt Br eak ocation %d’g’;&?t % Mist be 1 for this. node
Setpkpireser - Firossmtul Xoffaromaes %‘E‘ﬁéﬂf‘é‘feég“’ 1

Sanme as Normal Step Set BRRf et state save has beeg compig as Nornmal Run' Table 5-26
P10 Regi ster Bits of t NIV program stops the VLx CPU clock. _

. VLIW program initiates transfer of appropriate CM contents
i to a safe location prior to releasing CM for use by another
?‘ VLx or FFU program.
Abrupt shutdown of the VLx can be achieved by the following
i sequence:
' . VLIW program disables GB I/O input requests,
. VLIW program some number of cycles for the VLx program

to reach a stall state
VLIW program turns off the VLx CPU clock.

Note that there is no inherent support for resuming VLx program
execution following VLx preemption.

Also, note by turning off the VLx CPU clock, the VLx state is pre-
served. Thus, if the only resource that needed to be switched out for
another use was the CM (as for running 3D TAC processing), this
could be achieved by simply saving and restoring the CM state after
doing an abrupt shutdown of the VLX as described above, and then
re-enabling GB 1/0 input and turning the VLx CPU clock back on.
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regi ster, defined in the MAP 1000 PI O nenory map. Dependi ng on the node of
this regi Stﬁ{;‘?#’%g%’bi ts take on different values. There are fpYrs0ASS0.
0

Vari abl e Le de/ Encode Unit Equat or Confi denti al 55 96
Normal Mbde: Break 1's O and Nornal Set RFAddr is 0O RF Read Mode: Break is O,
RFReadSet RFAddr g3 1.cRadnBr ingRF is 0 RF Wite Mde: Break is 0,
RFWiteRFAddr is 1, and RFWiteWite is | * ‘Br eakpoi nt Mode:

Set Bkpt Break is 1, SghBkdR!l Srppig td nle ithldmploebitkesmsiotoniettithice t he MAP
1000 PI O nenory map, tiatitequisesrhandling by tieoViveprogmn T hefdhie nd/echbis® Pl O nenory
map i s definitive. 5t@do MisGnResly fore thety kIWiprogreinithontsVisk @ograRun The Run bi t
(Nor mal Run, RFReadRurfeomRACpt eRun) i ndi cat es L‘Q_Q&Qﬁ_ﬁtat us of the VLx CPU and
@B clock. If the bit Ghanfegbwapbing refuirek is turped

hed O, If the bit is clear,
the clock is turned off. RS- Jas; ol bi.t (Normal GBCool ,
RFReadGBCool , RFW i t eGB- Aisdhie SO tb°%“.. %‘:‘@j

n (B in I s enabl ed.
When the bit is set, i nput VRIS LaHe & =l ?esi gnng%glﬁ])ﬁ i nput is
enabl ed. 5.9.3 GBPendi ng The Pe gi ng bigl=MNor fral GBPendi ng,
RFReadGBPendi ng, RFW'i t e GBPEMAT i ndi catheg” whet her or not there is an 1/0
trans- action in prodthesssel bwppiigmnst baiingladinitsentintyt pwartiallivag is a read

ly bit. If the bit ¥i¥lleavethe GBO iy m indeitiminateistste- Oge passibleduftiies. 56
Eguét Olr Conf i deﬁt i Ia| tion sequence to perform%?g% shown in Table 6—1.Note%ha?%?this

register tmp3 r30; : %g%%%
register gbind r24; ‘3*“&
L_GBSWAP: - # save channel state by
setacc $; # making sure we are not in a GBstall or
br.gbstall acc; : # GBpending state, and then switching
setacc $; i & ) # channel state in its entirety
br.gbperid ag&c»,ﬁwg # NOTE: gbind is used to contain the data
setreg_::gbig,a. L __}S-‘,BDATAOOO; # location where other GB state resides
"gﬂ%ﬁ
id:w tmp3, gbind; # set up tmp3 with state
asttgop{ # set up fast branch; gbind fow 5 bits = 0
& "Q’E'Q_WRITE, gbind; # Write value in tmp3 to state gbind
3 ‘ ﬁ’ add tmp3, 0; # tmp3 has state value to write
56.:3} . add tmp3, 0;
~ nop; # note that symbol valid next cycle
st symbol, gbind; # save symbol to CM at gbind location
add gbind, 1; # increment to next state for swap
br.accdeq0 pcsave; # return to caller if gbind low 4 bits =0

Table 6-1 GB channel swap example
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97 6. Progranmmer's Notes 6.1 Initialization Prior to enabling the VLXx
CPU and GB cywo g9/678s8he PC for the CPU should be reset to O akmemUSIvasssy,
the VLx program should be | oaded into CM and . the CM shoul d be
enabl ed for actess by the VLX. Wien the CPU clock 1s enabled, the VLx wll
begin instruction exe- ¢utiqgn. The w )l execyte when GB operations are
passed on to it frﬁ?ﬁ"f“i’f’é‘ga-"?}. Pri or%gm‘f{‘)’hn f%ﬁ{é&;{%‘é'm?/[’gb&r ogrgm into CM the
CM bank in the BFU nust be enabled for VLx to allow access to the CM bank
fromthe DTS. This requires setting éT“P?i}J'F t,0 ':Qﬂ‘f%gfewr'é?the unit bits
in the 3d2dContr g Register. The Ds ‘étljﬂﬁé’{")i%s @h TORTTHE®VLX requires
setup prior to u§$_ 0_Lx suppl i ess tthe ntinue with the six bits
(17:12) that ide Fe W& DS chaannel t o be DsContinue' d. But the VLIW
programis resporfafagp &oop gio0 peeppaod, i ANE t he remai ni ng bits of the VI dDs Con-
"tinue register, 983@h0PHUPI00AWINY i ¢ & N5 Held Bk 201eY 8MCPInY t he VLx causes a
P1O to be issued.ot the DS. 6.2 Shut#hrirgeserale eutmbgsdnfubgonsumadiext switch
Graceful shut dowf20b PRPWR P0G c 1y WipuheRePleg] R opButingUrth iR under t he
control of the présta¥di® executing on #W@-Wivowdsr e, but requires cooperation
from the current |datadhatod i 19goMBXOCDr ofyiclfninitial seaddnce (Jloece inBatdilience to do this
woul d be as fol | omble 6\ML| 8% BHanes svap@eRamipeni cates to VLX programin an
appl i cati on specidxhfipleFIIGBDATABOO & ab kU6 Brevalighed hddeéssSThd ch i s request ed.
One mechani sm f orGivritg wilbudedhdlower 4bitstof theaddmass to determine which

values to write/read in this example.

6.4 DCT Table Setup

To use the GB for DCT processing, a table must be constructed as a
series of lookup tables that reside in CM as data. The tbase registers
must be initialized to identify the size and location of subtables that
comprise the table. The tbase register value is described in Section

4.2.4.5, DCT Processing, on page 24. The tkeep indicates the size

of the table, where the number of entries in the table is 2tkeep -tskip_
The entries are organized by the values of the remaining bits in the
VLC in bit reversed order, and there must not be any skipped entries.
For example, if tkeep specified a value of 3 and tskip specifies a
value of 1 for tbasel where leading Os are being counted, the sub-
table will have four entries handling VLC ‘0100’ (entry 0; MSB left
most bit), VLC ‘0110’ (entry 1), VLC ‘0101’ (entry 2), and VLC
‘0111 (entry 3). The processing of the stream below for VLC
‘0101 (note that the oldest bit -- the MSB -- is at the right )

Xxxxxxxxxxxx1010°
will cause the GB to shift by two bits (tkeep-tskip), resulting in

XXXXXXXXXXXXX% 107
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agreed upon conmand | ocation in CM by the VLI W program which the VLx
program wou %ﬁ%ﬁ% at well-defined tines, |ike when in a GBsicinbsess14560 .
condi tion. Y23 Lengt h Decode/ Encode Unit Equat or Confi denti al

57 98 VLI W program or VLXx program di sables G /O i nput which woul d

eventual |y cause a Ghdthad hasklthdsEBitsWiith e AIGE Mk SseP FOCE PFocegingnput . VLX
program coul d fl ush GBpspetzaY¢aukivg epty ‘¢0Mar )itd be Ghebird the sutablepr ogr am di sabl es

1/0 output. VLX progiaip SaVesy Bkl ntlanifles SeAlifedaPorhuilhipedr 00r am saves
any pertinent progragapidtessi ,Q&J@ifﬁigﬁ?&lg&t&hr&ﬁi &l@éa_ letqe%%rﬂ/h%he VLX
program may be writt e{indtdla 8475dpa AMYhotetBAL if VECS 101 50" ab 11 LIGkdrONSs execut ed
after reset check tora#ig thefsambiVaCi(8.ga ‘T e hheskeanh canld bespacifited 3n by checki ng
appropri ate state and’jamiphaigstibit inlmdlsd s dlegig%r_b grigm | ocation based upon
state. * VLX pr ogha bl cfifbeniifbd M BE OV FlisasaBRInealipn speci fic
manner that state sawePHGISB.heg B.osIhe ik eftry also cohthiMy Dleagth @BMdSt ops t he VLx
CPU cl ock. . VLI Whixhdgtha banigthi dfittet &sC.t Tha mat @ lofel wbes oit i at e CM content s
to a safe |ocation pheemetthe vighal aedistes r@piidoes yaleslypspaetoelydf thylx or FFU
program Abrupt shut dehensw it fsad frpm QMiwithd lerdipbesatien-by t he fol | owi ng
sequence: VLIW programdisables GB | /O"’-’?fr;@gzg . VLI W pr ogr am
sone nunber of cycle$!§ bt the VI W:Hrogramie®each a sthll state

run level & length
The length is used tdiimplicitly shift the bitstream by the length of
the VLC matched. If%:]éfigth of zero is specified in the table, the
call.dct will brani,j':g:p%gg the loop that is processing DCTs.

—

The resulting t’étg_!g ' ‘ng__gture and state set is shown in Figure 6-1. on

page 61. i
tbase registers.. i CM tables
_ T ol 2-entry subtable
01 2 thase ; run }level 10 ; entry 0 for VLC ‘10’
3 tbase A ron jlevel fenpth]  entry 1 for VLC IV
thase £ 4-entry subtable

0 T2 B entry 00 for VLC ‘01005’
] entry 01 for VLC 0115’
2 entry 10 for VLC "0101s’
1 entry 11 for VLC ‘011s’

8-entry subtable

run_|level fength entry 000 for VLC ‘001000*
run_|level fenpth entry 001 for VLC ‘001100’
run_jlevel fenpth entry 010 for VLC ‘001010*
level fenpth entry 011 for VLC *001110°
evel fength entry 100 for VLC ‘001001°
evel lRength entry 101 for VLC ‘001101’
evel fength | entry 110 for VLC ‘001011°
level fength | entry 111 for VLC ‘001111’

NIV IS

k|

e

Figure 6-1. DCT Tbase register and table sefup
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VLI Wprogramturns off the VLx CPU clock. Note that there is no

i nhér ent SUPPGYH o8/87883 esuni ng VLx program execution fol | owi ng VEETUS99/14560.
enption. Also, note by turning off the M x CPU clock._the VIx state is
pre- -served. Thus, if t he only resource that needed to be switched out for
affother use was thﬁxe@\ar(w\flwtqmﬂﬁiﬂngmﬂfﬂ'mcvmewﬁ A§% fisst his coul d be
hi eved by si npl yis teeaxphgjtinprd thedeqdst i ng the CM state after doing an abrupt
hut down of the Vigg aﬁo;denﬂix:bygd#@bmg(bumm then re-enabling GB 1/0 input
nd turning the V cg(illﬁalgﬁlsgl\gﬂmté%heont e DCT CM result for Equat or
nfidenti al th swappi ng annel’ swapping to handl e

I tiplexing of bltstreams |s sopet hing that requires handling by the VLx
rogram There is HRPhREMARIN1CHFEedo this entirely fromthe VLI W program

t- both i nput and \Qh'it:lpU/Ell force the ope?a\ﬁ@ﬁ)m Maﬁﬁl@@ﬂ%C’ﬁ%ﬁEésxﬁf—‘ee "CGetBits
des" on page 21)pmodnd . re-enabl i ng . Channel svvappl ng nmust be

handled in its entié‘ra% "At} j"g cger (ﬁé J’;}‘g,”% E‘t in an
i ndet er m nate st at gﬁi g L E %‘21“'\8% performthls is
shown in Table 6- 1?13 VGE}@E b egl er t ?ggl ster gbind

t24; L_GBSWAP: %ve channel state b}’; set acc $;
# making sure we ate no‘gsxpglth cgg%lf.qu (?Yalue,aldwlev, symbol CM read

operation is inifiated. Note that this reads the CM specified
= by symbol which should already be set up to read a table

B3

entry value.

. If the length value from the table entry is 0, or if a gbstall
condition is true, branch to the register specified.
. Otherwise, a special GB operation is initiated that is

analogous to a gb_dct(length-returned-from-last-CM-
read) is issued to GB.
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br.gbstall ace; # GBpending stale, and then switching setacc $;

channel stal g hRqjsheds€ntirety br.gbpend acc, # NOTEpcgRis9sh4sgo
used to contaln ?ﬁe data setreg gbind: L_GBDATAO00O; # | ocation where
other (B state resides Id.w tnp3, gblnd, # Set up tnp3 with state

# set up fast brangh; I i = b GWR TE, gbind; #
Wite value in trrpnri:{ toggﬂgeﬁggsggémgg 0; # tnp3 has state

value to wite add tm3, O;Th@@B, CPU, and CM interaction has been desifat&td hat synbol
val id next cycle st synbol sugdertradive cycle DCT#HraassihgdydpbDhe dode VIt gbi nd

| ocati on add gbi nd, 1; needs to conformneryesiesaly tbdxef;smnplscmeo $agisfyswap

br. acc4eqO pcsave; # Iptencyapd eopflichissuss. imil é%@amiwmthm?’@ﬂ: 0 Table
6-1 GB channel swap exanpl &°%/ah fusnasce adqther sRecBEFgipatsd @raopssigquat or

Confi denti al 59 100 ld.wt "g bi nd: # setup for
next state to wite into GB } GBDATACQO needs, tg=Be al i gned for Gmite
which is looking at low 4 bits of address as '%ﬂéggﬁ?gn 16

i ndi cator of what to wite/read L_GBDATAO@@:+gdatd Cb 0000 0000 0000 0000
# N=O data Ob 0 00 00010 000011 # N=1, né&yd n*chan: 2, new out chan: 3 #
N=2, generate output as input consuned; %gt a;,Cb 0000 0000 0000 0011

out put enabl ed; no output in output byffer*gata 0 (12) #
N=3-14 In/out data data Ob 0000 O 1106807 GF60 00 # N=15, initial sequence
to force input fill Hiy, Oy
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Tabl ¢ 6-1 GB channel swap exanple exanple, L_GBDATAOCOO is at a 16 byte

al i ghed address. The Gmite will use the lower 4 bits of the address to X
det ér mi.ne whi cCWOPR68% (o wite/read in this exanple. 6.4 DCT'RﬂﬁQP%%@ﬁﬁO
To fjusg’the GB for DCT processing, a table mist be constructed as a series
of /| gokup tables that reside in CMas data. The tbase registers nust be
difialized to identify the size and | ocation of subtables that conprise
the table. The tbase register value is described in Section 4.2.4.5, DCT
rocessi ng, on page 24. The tkeep indicates the size of the table, where
he nunber of entries in the table is 2tkeep -tskip The entries are

rgani zed by the values of the remaining bits in the VLCin bit reversed
rdef, and there nust not be any skipped entries. For exanple, if tkeep
specified a value of 3 and tskip specifies a value of 1 for tbasel where
leadrng Os are being counted, the sub- table will have four entries
handling VLC ' 0100' (entry O; MSB left nost bit), VLC '0110' (entry 1), VLC
©0101 ' (entry 2), and VLC '0111' (entry 3). The processing of the stream
el ow for VLC '0101' (note that the oldest bit -- the MSB -- is at the
ight) ' xxxxxxxxxxxx| OL0" will cause the GB to shift by two bits
{tkeep-tskip), resulting in "XXXXXXXXXxxxxxl Q' 60

‘Equat or Confidential 101 and then mask these bits with the tkeepMsk
4see "DCT Processing" on page 24) causing entry '10', or 2, to be used in
A he subtable. Note that if any of these entries' values were illegal or

W equired spe- cial processing, specifying a length of zero ip the table
entry wll ter- '
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m nate a dct Ioop Also note that if VLGCs '0110" and 0111 were really the

sane VLC (e.g "), the gth uld be specified ’ﬁg”f’ ‘1
bit is handl"é‘a9%(§7sphe si gn b|t wmm@w”imrﬂi] ﬂIHEnt ar ns run and 1eve

vat ues as What e claithedhisvPEG2 B. 14 ble enty also contains
a length field, which is the length of the VLC.  The run:and |evel val ues

w |l becone the virtual register run and |ev values, respectively if the

a0 run S R NG righ BncSREIASEEITbiesRh chimetsing: 4,

inplicltiy shiféa cehtrabptotiessimgpunit;t he | ength of the VLC matched. If a
| ength of zero is specified in the table, the call.dct wll brancb out of
the | o8p that i an instrustionhyfferroupisskiorthe gentralpragsssing ynik @Mde and st at e

2l os Zhiﬁ?r'y”sféaqﬁhe pltsess e Bupblis T BREpCorgessing unt.

entryOf or VLC 10' t base run |l evel length entry 1
forvLC 11" | tbase 4-entry subtabl e tbases
2 2. The processor of@.tamm farther cmmgnsrugca);egrstm fi ge odupled toLC
'Ol1ls' thage 10for VLC "d ds'

t base the central procgssing umt angntprtpe gftt?tg;rpr\oeessr _entry subtabl e
run lgyel length entryQOOO forVLC ' 001000' tbase run | evel length
entry 001 for VLC '0011 00" tbase run |evel length entry

010 forVLC ' OCO1@L 0" rlive priogessor m‘rujﬁihﬂ fuether goMplrisirfgoan ripat bdfet tGupladrto

| evel | ength ent rrg 10Q for VLC 'OOLOOL run level length entry 101
for VLC ' obg getbits processing engine.

4, The processor of claim 1, further comprising an output buffer coupled
15 to the getbits processing engine.

5. The processor of claim 1 wherein the central processing unit includes a
virtual accumulator register.

20 6. The processor of claim 1, further comprising:
an input buffer coupled to the getbits processing engine; and

wherein the input buffer comprises a virtual symbol register.

7. A function processing block, comprising,
25 an instruction buffer;
a memory;
a getbits processing engine; and
a central processing unit coupled to the instruction buffer, the memory, and

the getbits processing engine.
30
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evel length entry 110 w U wl uuuu un | evel length entry 111

for JVLC ' 0011%9,4:,ggure 6-1. OCT Tbase regi ster and t abl e set UPCWEHBASEE.

Lengt h Decode ode '%ﬁ g%%fh 102
The¢re are two ways to put E‘rﬁro g?’%de@éfl cﬁalm 7ther_ﬁg]n thfel rrnse{norgq
explicitly swiplédfo thedigstrgbtion bpffécbl xxxx); # settl ng bit 4. This w | I
rce the symbol value to take on the DCT CMresult for the.current VLC.

other way is to use the gb.dct(D); which will force the operation to be

[aat et on tharoacs oihf uiiialolediibigg ot PRiRE bnsi e Miyrodfer &

h n bot hgt hegdeRled b6t th8broeéssiNg angRfs. - Usi ng the current synbol
ival ue, aldﬁev n%b Clc\i/l’read opergtlonlsmltlated Note that this

reads the CM speC|f|ed by synbol which should already be set up to read a
table entry valu | f the | engt e able entry is 0, .or
if a gbstall congpt i oﬂ-h?sfu %Ewgttgoglﬁgt‘ P@gﬂiiﬁ‘ﬁ%fe%qm%ﬂxg.a register

FEATN T A it e L

Equat or Conpicbessing uriif3
|

10
_ 11.  The function processing block of claim 7, further comprising:
, an input buffer coupled to the getbits processing engine;
1 an output buffer coupled to the getbits processing engine; and
an input/output bus coupled to the input and output buffers.
15

12. A processor, comprising:
a core; ,
a controller coupled to the core; and
a function processing block coupled to the controller, the function processing
20  block including,
a memory,
an input/output bus, and
a variable-length encode/decode processor coupled to the memory
and to the input/output bus, the variable-length encode/decode processor
25 including,
a getbits processing engine coupled to the input/output bus, and
a central processing unit coupled to the getbits processing
engine.
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7. Designer's Comments The GB, CPU, an 'm“' as been designed to
support a flve Céd e DCT processing Iog P”H"; ; ﬂ!!(lrhi s n §99/14560
conformvery to the exanple codecta satl s ency and confli

i ssues. Sinilari®ot eé rapmoy’.s@nmﬁﬁmse)t i on vector, I umi nance and ot her

speci al acceler [ s ; ] ' tor
speci al acceler gl il sBngaias vt a y_efa@jéﬁgthéB@&%ﬂ%ﬁ%ﬂﬂn@mﬂeogg/ggtﬁgya

Confi dent i gdock8Sor; and- A vari abl e-1 engt h encode/ decode processor,
conprising: a centr al processing unit; an instruction buffer

coupl ed to the centroliing theeethitspging w*thaaq@erarajam@%slm seiHfithg varighlee

coupled to th centr, S nit : The processor of claiml,
furthe% CJWBB PH§°Q§¢§§?§?§Ft#ﬁggycoupled to the central processing unit
and to the getbits processing engine. 10 3. The processor of claiml,
further conprising an input buffer coupled to the getbits processing

engi ne. 4. TH4. pr dbeswvethadf ofadlainni 3, further cempeising execudingrinstnugtiansouf f er

t bi t
coupl ed 153totrgdw annstruction' bu eerswsli  the eghtra? processing unit.

10 15. The method of claim 13, further comprising:
receiving data from an input/output bus with the getbits engine; and
- providing data to the input/output bus with the getbits engine.

16. The method of claim 13, further comprising controlling the variable-
16  length encode/decode processor with a core processor.

17.  The method of claim 13, further comprising:
analyzing a variable-length symbol with the getbits engine; and

accessing a look-up table based on the value of the variable-length symbol.

20
18.  The method of claim 13, further comprising:
analyzing a variable-length symbol with the getbits engine; and
accessing a look-up table based on the number of leading zeroes in the
variable-length symbol.
25

18.  The method of claim 13, further comprising:

analyzing a variable-length symbol with the getbits engine; and

accessing a look-up table based on the number of leading ones in the
variable-length symbol.
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5. The processor of claim1l wherein the central processing unit includes
a virtual acgiydeadsar register. 20 6. The processorpcaiusvbaissel,
further conprising: an input buffer coupled to the getbits processing

engi ne; and wherein the input buffer cd%ﬁrises a virtual synbol register.

7. A function processing bl ock, conprising, 25 an instr I on
buffer; a menory; a getbits processing engine; and a central processing
unit coupled to the instruction buffer, the nmenory, and the getbitsiyg
processi ng engine. 30 106 SUBSTI TUTE SHEET ( RULE 26) WD 99/ 6788g78.

The function processing block of claim7 wherein the menory is coupl®d to

t he i nstrugrtrom bufter: 9. TNEe TUNcli Oon processi ng PlIOCK of clarm 7
wherein the menory is 5 coupled to the gefpits processiihg endifne. 10§ The
function pgocessing block of claim?7, furth conpri & NERE riﬁe
coupled_to N\ JAES 'Vf‘g:‘% Y 0¢ n§§§§¥$§|n _ TE
N N e b A s
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12. A processor, conprising: a core; a controller coupled to the core; and
a function 0 |.ng bl ock coupled to the controller, the fl¥E¥'

processi ng g%)&ﬁgﬁ%bk i ncludi ng, a nenory, an input/output bus,éﬁ%?%?aL
vari abl e-1 engt h encode/ decode processog/xoupled to the nmenory and to the

I nput/ out put bus, the variabl e-1ength encode/ decode processor 25

I ncl uding, a getbits processing engine coupled to the input/output bus, and
a centr al— p« ecessi -Ag—u i+t —coupl-ed- +o—t-he-getbiHts processi ng engi ne. 107
13. A mgthod, conprising: processing data with a getbi§s engine of a
vari abl e4l engt h encode/d ; ing the getbits engine
with a cqn&h‘ unit of the variable- 5 Igengih encode/ decode
processor.tb. of claim 13, further conpfisjng executing
instructﬁons § rnstruction buffer with the cenfral procesging
unit. 10 met hod of claim13, further|copp ising§ recdi vi ng
data from anyj bus with t getbits engi ng; an prgyFi ng |dat a
to the input ith the getBPlts engine. 16. TWe met of dlaim
13, further ntrolling the variable- 15 qugth enc@de/ dgcode
processor, W t cessor. 17. The nethod of :Iahn113, further
conpri sing: ans ari abl e-1 ength synbol wth he‘g tbits engine; and
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(57) Abstract
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or to decode variable-length symbols usedin MPEG protocols,
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