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Processors such as provided by these companies, however, are usually physmally quite large,
requiring cabinets filled with circuit boards. Such machines therefore are expensive,
consume large amounts of power, and are generally not suited for applications where cost is a

significant factor in the selection of a particular processor.

[0004] One technology where reduction in cost of processors greatly expands markets is
image processing. There are now many well known image encoding and decoding
technologies used to provide full-speed full-motion video with sound in real time over limited
bandwidth links. Such applications are particularly suitable for lower cost video processors.
Reduction in the cost of such processors, however, requires substantial reductions in their

complexity, and implementation of such processors on integrated circuits typically precludes ‘
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[0007] The invention also provides a memory organization for efficient use of the
processor. In particular, a hemory architecture is provided in which pipelined accesses are

made to groups of banks of SRAM memories. A retry capability is provided to allow
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BRIEF DESCRIPTION OF THE DRAWINGS
[0010] Figure 1 is a block diagram illustrating the overall processor architecture of a

preferred embodiment;
[0011] Figure 2 is a block diagram illustrating internal components of the vector processor;

[0012] Figure 3 is a diagram illustrating further details about the vector processor;
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Figure 13 |IIustrates the Move Three Scalars to
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[0025] Figure 15 illustrates the Move Immediate to G Register (mi(vlg,seg,rg,skg,sg))

instruction;

[0026] TFigure 16 illustrates the Multi-Pipe Move Immediate to G Register
(mmi(vlg,seg,rg,skg,sg)) instruction;

[0027] Figure 17 illustrates the Multi-Pipe Move Scalar Register to G Register
(mms(vlg,seg,rg,skg,sg)) instruction;

[0028] Figure 18 illustrates the Multi-Pipe Move Scalar to Higher G Register (mmshg)

instruction;

[0029] Figure 19 illustrates the Multi-Pipe Move Scalar to Lower G Register (mmslg)

instruction;
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[0031] i Figust2laillestratésethiviieyeSralaato Highki @H@:glstterF(zmghg)tlmtructmn
(mshg) instruction; [0032] Figure 22 illustrates the

[003i\ffbVF1 Bii1ubiPatb OB MdvelRalas Lo eRtb Registes (1h %} in@friction;
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ol AL SR TR e G0 8

fset (vstdo)

ooe LS HSL S0 h ST s bl AR

detailed illustration of the vector nenory system
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nore detail one nenory bank; [0048] Figure 38
[0043] | F%&@gﬁﬁhfsﬁ@tem@r\ﬁec&@rsw@ IDavbReMagksd Offset (vstdmo) instruction;
[0044] Figure 34 illustrates the Vector Store Doublet Offset (vstdo) instruction;
[0045] Figure 35 is a block diagram of a vector memory system;
[0046] Figure36isa more detailed illustration of the vector memory system;
[0047] Figure 37 is a block diagram illustrating in more detail one memory bank;
[0048] Figure 38 illustrates the store control pipéline;
[0049] Figure 39 illustrates the load control pipeline;
[0050] Figure 40 is a block diagram illustrating in more detail the load data path;

[0051] Figure 41 is a block diagram illustrating how the groups of banks interface with the
DMA shift register;
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The use of a large VSRAM to provide memory 30 enables maintaining an entire data set for

an algorithm in a memory that has very fast access time compared to the relatively slower

DRAM memory.

- [0058] Figure 2 is a more detailed block diagram of the microcontroller shown more simply
in Figure 1. In Figure 2, the scalar processor includes an instruction unit, and integer
execution unit and two register file banks. The integer execution unit typically includes a
shifter, an adder, a multiplier, and logical functions. The two register file banks 70 are shown
coupled to the scalar processor 10. In addition, the scalar processor is coupled to a 32-k Byte
instruction cache 80, an 8-k Byte memory scratch memory 90, and a 4-k Byte set associated

data cache 100. As shown in Figure 2, the data cache is coupled to the SRAM 30.
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So if R1 is cleared before the loop and contains a 0 at the end of the loop, the

conditional flag was never set and overflow never occurred in the loop.

[0063] An instruction that specifies a condition code register to be set as a result of the

operation performed also modifies the CC flag. For example, an instruction that compares



to be used. Sone instructions do not affect the
condition codes. |If the programmer needs a "sticky
wohew/12(440r exanple, to see if any result in aPCO@S2005/016485
overfl owed), an add with carry instruction can be used
with an i mmedi ate value of 1 as an input. ADDC R1,
two regitersGi e@lityf arfd cho8set lc@ ak @tk doatliviog chlierdgmayp dastihation will set the
contains a 0 at the end of the | oop, the conditional .
flag. fIn genivass ajegienl BErucHAY SW&Sfth%wg}?éﬁéffd BeEyftion gannpt spreity
conditl{ag%odé Q088 A8 sb Ebca%suﬁf é&lﬁitIJﬁ%d? B@%é {dsdifegondi ti on
code regr’ster to be set as a result of the operation
erfaormed al so _nodi.fies.the. fla or anpl e, an )
006 bR b e sirut PRl 8y BRHG RGP B8 trucions
acC tGNORSRSsG%aAS it Bied ARG id HNovePURy BB the 8peration, then the
stination wll “set the flag. In contrast, a | ogical
sameiaistegister isomodifiel. as t he | ogi cal -and i nstructi on cannot
specify a condition code register and so | eaves al
[006510NAinloverl P chérag@d wheRakk fek@tlof 0 Hhedc Hcaidh falls outside the
condition instruction wll not nodify the cCflag. In
rangesefitepiesartzhle nimhers.dhesproduging at incerred sepulis Iy 2¢ egrplemgnt
.and if i I ' n
et Syl RSR BB eI BRSNS EE JOBRE FirBt 15 Botn
operdnSs @RREbASi gl exdaaded thISBsUl tA Chrrais genetabudethen a “1” is generated in
operation falls outside the range of representable
the PSIQhys producing an incorrect result. In 2s
conpl ement arithnetic, overflowis detected when the
[0060/SBTha ¥ etBBMiaskt rdgisters ¢inM)elrlOrare sied s stoBotdndijvarcadeistor the
st be sign-extended to NSB. + A Carry is gener at
vectajgpetgnaline sy Uit pe o Ciel NGB it Figfk s TogB e for cach
elemdit@n YRS Rfor V?&eﬂ q@itvetRr (iMh i3 16 1882, tUsLthe!M r8digkeis 32 bits.
condition codes for the vector functional units. Each
The meating ofihp eomdition cefet flag depgidstamrthe tipatol Fsbretican thitrgt e flag:
bit for each elenent in the vector register. If the

vect or $m@ped frithmet€instrictioh whétedvetfiay NM SR kst MISBiHS) 32flag
bits. The nmeaning of the condition code flag depends

on the f o iq d i on: he TS d
ori ¢ hirePPREnLyliRpe st ik lendi ROUGBID) S LT,
-> flag Unsigned arithnetic instruction en a carry =
(NEB+ 1) Saturafadpaitsaetics WPEEOP; TERRGG: COPEREch JOER gctElow > flag
signed or unsigned, when overflow -> flag Conpare

i nst r ucCompareEagtructon (EQ,)LE,>.. X Paiipg

[0067] At the end of a vector instruction, the M register can be moved to a scalar register
and a bit reduction operation performed to check if any flags were set during the vector
operation. The Mask registers can also be used to hold carry values for instructions that have

a carry in. For example, if double precision (32-bit) arithmetic requires:
vaddu nVD,nVAnVB,mM add low bits unsigned, carry to mM
vadde n'VD,nVA,nVB,mM  add high bits with carry from mM

[0068] Vector Mask registers can also be used with shift instructions on the vector side.
For example, if a shift instruction shifts out any value of 1, the vector mask is set. This can

be used to find the largest number in a vector and then scale the vector accordingly. The M



[0067] At the end of a vector instruction, the M
regi ster can be noved to a scalar register and a bit
woedscaigam operation perforned to check if anyPErag2005/016485
were set during the vector operation. The Msk
regi sters can also be used to hold carry val ues for
reglsﬂef‘ &thH@ il @8 Sze&tﬁﬁfne Wﬁstﬁlcﬁ&’i i thid-cafe) Ehen@di€seldcts whether the
| e precision %& arithnetic requires: vaddu
elemﬁwmqmwsbmwnﬂwrémlellemn QI SOUTSE ety widtigurty thedestination register.
vaddc nVD, nVA, nVB, M add high bits with carry from nmv

[0064]10068hreV/B5Tk® EhdViasofealpizsl fof ﬂle%%bkah@@arhe)flﬂl‘ﬁdéﬁbcvmtph’ocessor The
shift instructions on the vector side. For exanp

architgciyg has PHEVICRIITEIFSSN 20,9201 fngrhibwiste fﬂncttqﬁlél uils (for a
total %;Ff“fgo THERR o¥ ﬁm% ?etcelvzﬂtsc’dsff?ﬁoglethE%Qg b&lﬂi fo'f{ﬁﬁe $hi SRAM 30.

t  nu vector an en sca e vec
Data (ﬂi:t@a(ifsﬁdrfb@lmderﬁkﬁgﬂ‘dftﬁgjnﬂbhof ths smdm)desﬁdBGO\uemlgcarDm gmtroller
instruction. In this case, the nask bit selects
and clipnohd?0+t he el enment from source one or the el enent
fromsource two is witten to the destination

[0070]egTh¢ data if mﬁ@reaifgm theDRAMbbashingsstore tleough thiclhighsspeed

systet B oAt 10t TaL G FarY e CEBTEr sy BE pypmagry omtolle

to thd l%gfst& Gr& By thb dealdrpR6dds@Ral, 4l ik sntéd Wke@ withltBé afrogifike
hé vector ‘unit receives its data fromthe 128 banks

1nstrlmt10n$1m thea hetdwares AN rBemorvdnigriaee hasarpapagivyeaf tiyakyerl 6-bit

s B RGP 8 o R 531B SR BndPt Oe 1

procdskciis heréded opleinbaRAM backi ng store thr ough the
hi gh-speed system bus 140 to the SRAM Data fromthe

[007 ﬁRAM e e 4 Fll?cﬁisfs tﬁ% )R/I&S?]lglynsl{c %%g{r@ Hga}ﬁzﬁf%ﬁ r %ér@ Ereggult Wetor re gister

regi 0Ccessor
banks B(D(g rebclcivit 16iviebtot tegistarpr Bavhi attor Irmsttenlra's i3 msgistar ¢lbments that

har d Th : ity of |
O A TR —
Each32Ldd é:x?ss;c%ﬁ)tr & dt¥as Mo PARAPME hRS oﬂé whiRepotect or

proc inTa preferred inpl errentatlon [0071] F| gure
007ér el}g%\@’?gtgrg@\}!‘%?grféﬂ glléz?,re B%Efﬂi’i ggt\ﬁa&#%ﬁtl gzE%he same time

in eaMPEE@sr Ui Flue iéotorAtionallnits R @Ehthbpsrabidnd 6y
elenents that are 16-bits wi de. Each of the four banks

simultgneogieliit iEeel vedterfungtioa unitds czmabl%bf efwer rﬁ@lﬁranﬂntw avrites
simu %rge{oilslgn q(eg th%%ﬁé‘[lo\élrg]fﬁn?t% 8&% ]t e V eC ?rg ?@eﬁ the vector

uncti
registéid 260 Qslﬁ)gﬂﬁﬁnﬁﬁ)pabin@ll@lfs rMhesd Iﬁ&nbl\t}(boﬁﬁellﬁ'ﬁ u&r}ﬁro gﬂanﬁﬂ[tel by the

ane tine
scalar processor10, but are located in each of the functional units 210. There are three

memory controllers in each functional unit, two loads and one store.

[0073] The vector processor 210 supports chaining. For example, if the first instruction
issued is a multiply that stores the result in a vector register, a second instruction can issue on
the next clock that reads the result in the register file from the first operation, and performs a
different operation on the result of the first multiply. The hardware automatically schedules
the second instruction when the result of the first operation is complete by register

scoreboarding of the vector register elements.



in each vector unit. Four vector functional units can
have ei ght operations occurring sinultaneously. Each
woeatcarifuncti on unit is capabl e of four readsPanaSLos/016485

wites sinmultaneously. To keep the functional units

busy, the SRAM 30 buffers feed the vector registers
[0074A00F g Wis HBITBEKY dig &bl $¥l ol B e vANGISRpEBIR I Phelsdiiilé Obdii Sipe

are programmed by the scal ar processorl O but are
incluflesatesthrifinatiqonl wit 210enfl Jhoerionedgistans 260.2Tlese Thids aregpupled to

hr ee contrallersn. u ' unj t
o oo SafCeclaT 20 S8 boBler P3RS 200 Tt VSR pitillyoondff o the
SRABLURPSEY 1S sHoainiTg.vebtor pipsangdhdes within tvadfsiorstontrol 8 G registers
instruction issued is a multiply that stores the
235 and gy laddyeps ¢pnfiet bl9ek £3Qi st er, a second instruction can
i ssue on the next clock that reads the result in the

[0073]e0Thé special 1@ tegintertfiie 285 issirgopmadatsiedght 4&1bat rpgistens. rithisiregister
different operation on the result of the first . .

fle iseAPeblgIOPS repETASPENATE s come 1 |av§7W&W@%&q@@%ﬁ%@ﬁmcﬁoma as

well 2584 QY kHRSYR AMGA fchF‘ stREDNtBRer B3UI As Wil B \ResériBedtbelow in more

operation is conplete by register scoreboarding of the
detaily @cttor loné gnd stere aplemations 85 0O 7@7 régideniee 5o dbiaim the dedtred values

di agr am of Si e vector pipe 220. The single ctor
for a 8 o REPGGES ol BG PTG ERT G JheF PR7 tnp e (1) veetor
lengt¥ &©Y Qtﬁrtfn%%ile?ﬁﬁﬁ,sﬁ?a@%eatﬂlﬁ SRipUMd @) Rkide CTHObR Podiflod where these
| oad/ store contro 30 and anot her set of registers

valueg4¢e stqiied ayect or pipe is coupled to the SRAM 30 as al so
shown. T veetor pipe. i ncl s wthin | oad/store
cont r ol g(gﬁé@i< §?§r\§ecﬁé¥ eg%gl? bl ock

gl an address contr ol
236. [ 0Q3@]:3The—gpoctating Blemag)j ster file 235 is
organi zed as eight 48-bit registers. This register
file i se@l3pabl 6~ éod k@sa) and one wite, and can be

read an I}gg@% Q%I(F%g:?(g@ous instructions, as well as

read b ore controller 236. As will be
descr i bg@[1ddl]ow—i(hS-beatedajet ai | , vector | oad and store
oper.ati,on]i use t.he "G r?gtléﬁt er file to obtain the
The Gaegisterisypsiratedrip mage defpil Iuligitenly aneters. I1n the
[007€|r etBlcnestrafRedia BN s daheRFoR A5APRNRERT btk dBat(iddiruction
ector length, (2) starting elenent, ( repeat, (4)
includés g0 inderdingbihe st ragihter taheechliytthdesired paremateey for thes gperation. In

the p{eg%(?(%m L% '%Egt;%dseiﬂ{f ?%eggt 7séﬁ %8;-5%?%;1[52%%%%% g t})%ld élljhe vector
instrifetioh &rill b@@]ﬁl@@b}ts in length.

[0077] The vector pipe shown in Figure 5 also includes a special purpose dual ported
register file referred to as the “M” register. This register holds vector mask data. It is
organized as eight 32-bit registers, and can be read or written by various instructions. The

operation of these mask registers was described above.

[0078] Each vector pipe also has a special purpose 40-bit register file called aACC. This
register file holds the 40-bit result of each MAC instruction, and each of the two add/sub
reduction 24-bit Accumulators. The Accumulator is loaded from the ACC register file at the

beginning of each MAC or reduction operation. At the end of the operation the final result in

10



0 30: 15] <- (16-b Skip) g 14:0] <- (15-b Stride) The
Gregister is illustrated in nore detail in Figure 5b.
wOQa6ER1Mhenever an operation is carried out UBCTS2005/016485
vect or opcode, that instruction includes an index into
the Gregister to specify the desired paraneters for
the AlcB@huRRE18¢tbR4 in tHe ADE register Tigsrepisbadilavtual-borteEioetlow two
one of the eight 48-bit registers, the Gfield in the
operafiops &r odcHs efrthe satamhtifie! | be three bits in | ength.
[0077] The vector pipe shown in Figure 5 also includes
[0079 SE'%@'reﬁdi ispblpclsdiagtaal offithe higtl-spegi SR AM fnd memefyeconadlier. The
to as the "M register., This register holds vecto
VeClOEERSIHIAEe Cape {e§%é?§%’f}ﬁ‘? #B¢ @gmé?w Pips. Beweves av@ti{yresr?ads and
four %ﬁges%gﬂ oP&iread fSQﬁ’le Wi {§hceDh1Y Bhd BYS of HS1"HSGRICBBS can be issued
e operation of these mask registers was descri bed
at a taig wbtaififg #e3lv Eapdraticss ttakes pitlhee taklye vheisr mstrpdions,|or a multi-pipe
urpose 40-bit reqgister file called aACC.. This.
toad PP BETA PR st 6 SR 6T R Engre logglfd jne ocal G
registedS Fbich YBetoPRYisRAF e, Fhert BR AWGeADSHrEUDNW RS foPthe function
24-bit Accumul ators. The Accunul ator is | oaded from
unit erhpipAGCWwaepprtstfer theifimection unitenipips handepegforieles Blokdtar Each

reduction qperation. At the end of the. ration. th
vectdr B s R AL RpHe - REE etitey BF Tyrligh e QR BIFEd, Qo bl for the
functid®Oirit & pipd N| énd REt Bt &adk bh @igeD Hdnepotitfedionds 6d pipw1.
two operations to occur at the sane tinme. [0079]
1 g I . -
00501 s Sk Fy Btet: i SRALER Bhoh 0 Jt (93 vERESHY LAEAY 120
mem37 aids ompanizd® ays 12 e $6 pits, apd scaphisieey ene wad yr dmorerite per clock.
reads and four wites can occur at the same ti

Eachdjapk dapiirsfveoridress agrivig 5rad mﬁéﬁnecf%\ﬁm@mﬂsﬁ%wddress
port &d éhelreiPor WREAN 18 JelbtBd Yot 20RGH AldrRRfvck? lﬁ%&)b%@ ngSr the banks

twel ve vector I'nstructions, or a mul ti - P1 pe | oa
uses bitot ¢hropgh atd deternhing thetbaek addredspiberefort,or seguerttial block of 256 bytes

_wﬂlgg%ratgggg%hgggocated in the local Gregister. For

e
FrS¢ t'ster file, there are five read ports -
wo ports for the function unit on pipe orts

t 0, t
[0081lor A igh Spasdiintoriaanib prosisgitpell bagkich (GESRAM. Tt inserbice
sccuiplaes BBy IR BRO IR B 2 Bt M8 1R 7 ur R R it ot the

bankb UTEIsi2E8-0y0d bufe iPiepe od writtBe fip oy the SRIAN 0adS 6 Wytepbqmdaries. If
and one port for loads on pipe 1. [0080] As shown in

any vecpns arcén fight, theyweihsldfonprerdaclovhiothedeadnrviigoesurs. The
Mem't:)?}(; aontroller routes each of the potential twelve read or writes from the vector register
to the proper banks. Since each vector register may have up to 32 elements, a stride of one
assures 32 consecutive banks will be addressed. Since the bank can read or write on every
clock there is not a bank conflict between addresses in the same vector, however, there may
be bank conflicts due to address conflicts from other vectors that are executing. A single
conflict will cause one of the addresses to be delayed by four clocks. The priority is
hardwired by vector unit, with vector unit 0 having the highest priority and vector unit 3 the
lowest priority. Within each vector unit, load 0 has higher priority over load 1, and the

lowest priority is the store operation.
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menory bank is organized as 512 x 16 bits, and is
capabl e of one read or one wite per clock. Each bank
woaasosteel4ve address ports, eight read ports, aRATUS2N05/016485
wite ports. Only one address port and one read or
wite port is selected for action in one clock.
[008230' dﬁgﬁ?é A afcﬁé%rmeof% iSal426r Mstrictiort 'V RUAA dd [¥add)” such as
eterm ne the bank address, therefore, a sequentia
employsohk Cofegl8. Tt #addvirstruetituriessided 4n afditidvefubetitks . The vector pipe

) 00 A hj . interface,.i .ovided.t o, all, banks
s slbgiog R SR e 7 1 el crruiets el B8 i Byled R
hardwdtf Ghe vBAS: feBRRr b teiREDyahé VARV € Bad dach@Wment added to the
clocks to all of the banks. This 256-byte buffer is
vector gkethent ofithie tveetar fegistar viva ZiAnireagls g2shlj elemsatipldeqd iatp, the vVD
If a ct-Qr ' [ Y re. . .
oo B L e S0 B il BBPeomais e
vectoE@itsk ¢difers! Oflkthe surdahovdrilbwed, padnens plated inehe/®I tegtbroThe G
wites fromthe vector register to the praoper banks.
field 27 hsalewsnths appropsiate @ greitiacontning the stastingelomen aélﬁéfﬁ?@’,f length.
a stride of one assures 32 consecutive banks will be
[0083|ddTRs &ethat & the #add énshaciioncian read or wite on every
clock there is not a bank conflict between addresses
in the $aMe VO QA ROMEVEV, pidigre may be bank
conflicts due to address conflicts from other vectors
A th?t ay e executing. A single conflict will cause one
tympal iR CERICEAE {0 be delayed by four clocks. The
priority is hardwired by vector unit, with vector unit
0 havi nig= {he= stpgmesieniiiori ty and vector unit 3 the
| onest NJABAY [t hin.each vector unit, |oad O has
hi gher %ngfliét—yvegtl%trlgqgg}gd 1, and the lowest priority
IS the storevepghabiopr- FOOER[15H]guveB{@)[15:08 di agr am of
a typical vector ins,trucii on "VectorAdd (vadd)" such
as enpl oys t WG Telgif seuit overlows£Rs 4 nstructi on
provi de - b function. The vector pipe is
sel ect e%%!} ?ﬂgbgi-ogi@tz’ P field 270. The arithmetic
functi osalwhilei t i s sel ected by the hardware. The
vector register as specified by the VA field 271 has
[008£22.C Fhe FeB M F%Peez 2] ? ri]ﬁﬁﬁn BEhRsuS G BN insBlucidif DERRH, @An be

regi ster vvB W each result elenent placed into
undetstepdbyDreferencsrto thegibert delopvz STheTthartFhoive seyieral éyngs efepgisters to

) | h i ) ' hat. :
whic psfp SopisiRy Bt APSR b SRS e R o ST g E rtiffer, and an

exanfPpl®of fowp lirGesistePistrbRrddce®gi ster. The G field 275
sel ects the appropriate G register containing the

starting el ement and vector I|ength. [0083] The fornat
of t hRegigthet i nstructi onDésignation Register List Example

Scalar General register r rA, 1B, 1D, rS rl5
Condition Code register ¢ cC c2
Vector General register g gG g6
Vector register \% vVA, vVB,vVD v12
Accumulator register a aACC a5
Mask register m mM m5
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vadd vVD, vVA, vVB, mM P, gG A typical inplenentation

is: i =1, J = starting element while (i <= vector
woOemgti)44¥VD(j ) [ 15: 0] <- VvVA(j)[15:0] + vVBG [ BETAS2005/016485

mMj] <- 1 if result overflows else O i++,] = (j+l)

nod 32; endwhile [0084] The fields in Figure 7, and in

FurthB®WeCh thd'f %@r@? SRESRE wWithshiMcdfitRe ﬁ)li@%‘l@g\insﬁ@dhdﬂ@ reference is
under st ood reference to the chart below. The chart

madegh dmisé)we@:eﬂ ete.y phis n@meﬁ@lgﬁusq ig infendpd\ip indicate et e dits ao marked

demgpn’%glhe}ffvigcém}az 8d eis’xéagc%tglﬁlgpan eIQ aHS tlog gllﬁ’trgfetsttﬁ etflé} \Zéct@r processor

pipe ﬁ&nﬁ&faﬁﬂe(ﬁce&ther@@égsitﬁ{ Desi gnatl on Regi st er Li st
Exanpl e Scal ar General register r rA rB, rD, rSrl5

[0085&2 Sllg giﬂe%lsgoc%f%@%%ef 1c¢$1 englﬁtlslgpé?e\@e%{c% Rpgﬁegﬁ 5}% \t/h[%s cass “Multi-

Pipe MectoFAdd nvadD)i stiel avalscréaplafs Megkragesirs e fommiviof the mvadd
ngFurthernore, in the figures associated with many of
instrycHan {5 | owi ng i nstructions, reference i s made to
fields OxO, Oxl etc. This nomencl ature is intended to
i ndi catrevadiat VDY AV B,mblghar ked desi gnat e hexadeci mal
0, hexadecimal 1, etc. In addition, "P" refers to the

[008¢/€CTRis 1M€ﬁ’§ﬁ5ﬁruséﬂ B all Wi Piped Bthe Gimé GinfehT'HES anthmetlc functional
regi ster. [0085] gure8|s a diagramof aty

unit igs¢lested by thevhaedware o Bacteaglropnt of jthe FCET Eegiger W@Pltﬁled bPltIEf‘eVA

to t
field ¥g@ is atdgF&j gart?ﬁl %gl)rreal?mglﬁ rfv‘rélccto?}e %te? HW&]%’%& : "@ﬁa rlgsult element is
placeddaddhe VIDDWEBior Vi stbA 183 The 3-b1t M field 283 selects the vector pipe M
register that contains the vector mask registers. If the sum has an overflow, a 1 is placed in
the M register. The G field 284 selects the appropriate G register containing the starting

element and vector length. .
[0087] A typical implementation is:

i=1,j = Starting Element

while (i <= Vector Length)
vVD(j)[15:0] <- vVA()[15:0] + vVB()[15:0]
mM][j] <- 1 if result overflows else 0
i++, j = (§+1) mod 32;

endwhile

[0088] As shown above, the G register is set up by the scalar processor and then used over
and over without the necessity of issuing new vector instructions. The G register provides the
special attributes needed for execution of the instructions, such as vadd and mvadd. In the
case of these instructions the G register provides the vector length and the starting field,
thereby providing an indication of how many computations are required and where the

addressing starts.

[0089] The repeat, skip and stride relate to how an address sequence is generated for

vector load and store instructions. The starting address of the first element is computed in the
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[0086] This instruction is used on all four pipes at

the sane tine. The arithnetic functional unit is
weoeebwaked4 by t he hardware. Each el ement of thePCeaiSe05/016485

regi ster specified by the VA field 280 is added to the

vector element of vector register vVB 281. The result

scalaf#)] EE‘E Sirid va u%‘iﬁiileh Al @ed tB €hi¥ YRI¥QCAlacE 188188 bn29€ry subsequent
-bit Mfield 283 selects the vector pipe M

clockr hgackhtmn 1 $kap veloaisedlsrsadded to/ it asidrese sikeanegyesy afbscyclefdefined by

has an overflow, a 1 is placed in the M
ther%@tlfs#g]r The G field 284 selects the appropriate G

regi ster containing the starting element and vecto

The QV@rﬁé]t impapigrdi Gacgisist sdhe prablearrnh Pht righeriogoode sei, Put yvithout
i l e <= Vect L th
need%‘i?%‘(’ﬁ ”%‘5‘%?0 Sk AI(J)[(1I5 0] + VV%ES)[iggO])nMJ] < 1

resul t overflo else i ++J =

[OO9Q§|n dWh¢ scalar QWTS(’N:P Begieer vhe @CF%Q}P g}iagpnq Qep The
vector Bpgr)ét1$ﬁ§et%}21%§lh}af B 88 G‘c?&‘RE tRdEby HeRidiselle QR4 F2B6ks QO The

necess| ty of 1'ssuing new vector
oppottnsity teatioadshe & In@lﬁmr eldiis t@mbmsomleuh@m& by ﬁpﬁe‘(ﬁcmr Oper ation
S S5 RRERE aF  JpbE BUBA ¥oion. T
enabled ﬁ{er @ %Q&Q&Sto e @el@adeﬁghﬁﬁeﬂﬁatélgoq’hg eide Heatve of ee G @éﬁétblr is
and the starting field, thereby providing an

parmumbcmeﬁmabfor Nesiso napljcaonpintip hlocly @f mé«am fipap serigl data
9
socalfigt G P e ] BDEE: Y e HRRACkTAGyE SRBRIR AN @ stcp om

one 18&4HRdhad Qﬁ’otﬁ&rwh/&éiﬂﬁﬁe |oeatibrange sét@batiguost,buc kietvenly Epsced.
starting address of the first elenment is conputed in

[009{ he%ﬁ@kf@&o | B&ss Ecrri gﬁ aB@\Léﬁﬁclhﬁestlﬁﬁgr st Cfl %ﬁitiﬁ}]ng

ess and accurm ate on ever
opera’;iﬂﬂls wiitbrthe Gsdegistey. alhse |11sstmbﬁm1sad@lé1dcussed ieixeé addr ess
stream every nth cycle defined by the repeat field.

[009%']';31‘98 I‘?Ig@lgk OdaGiardb ¢ ReefterqaiIshe Gnén%cﬁ&?ls%ﬁa%mfghre 10.

I opcode set, but wtholt need for |ong
The fonsttr afthé mstroationss:

mlsg rAP,gG

For this instruction the vector pipe is selected by the 3-bit P field. Portions of the contents of
general register rA are sent to the selected vector pipe and stored in the addressed gG register.
General-purpose register A contains the 6-bit repeat and the 16-bit skip. A typical

Implementation is:

gG[47:42] <- gG[47:42] (vector length)
gG[41:37] <- gG[41:37] (starting element)
2G[36:31] <-rA[21:16] (repeat)
gG[30:15] <-rA[15:0] (skip)

gG[14:0] <-gG[14:0] ~ (stride)

[0093] The “Move Two Immediates to G Register (m2ig)” instruction is shown in Figure
11. The format of the instruction is:
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[ 0090] The scal ar processor reloads the G register

when vect or operations occur. The vector operations
woypmictiaid4y report 32 cl ocks, thereby providi ngPCNAIS2005/016485

scal ar processor the opportunity to reload the G

register. This capability is enhanced by the vector

oper at ngH47ﬁQPabggﬂ4ng42§ RctRMref)s of the G register
when the vector operation begins execution. This

enabl egGIRE3T Fegblley7] (arbag elsimsabed | medi atel y. The
stride f ! Of ol register is particularly
benef i écﬁ?g#ifﬁ”rs ggﬁ&%&el&%ati ons in which bl ocks of
pi xel s da@m: Bs|ser i Aj15dal gkspy eam are addressed and
processed. The stride allows addressing of the SRAMto
step frasshléNe <t BRlAti0dstHR)anot her where t hose
| ocations are not contiguous, but are evenly spaced.
[009d] 0T IM dVecHigher 6 Rpgisiee $6 Scalae Guhgs)éthstiwive is sholde Figure 14.
many instructions facilitating operations with the G
The forapt of fe MSAREUN IShst r ucti ons are di scussed next .
[ 0092] The "Move One Scalar to G Register (msg)"
i nstruathgs ixPsdfown in Figure 10. The fornmat of the
instruction is: msg rA P,gG For this instruction the
For tH§ fsfiictiddifle kSt iRah 8sledtdd ByltRe 3bRIPt filldf IBlethighPerdén IgMts of the
of the contents of general register rA are sent to the,
gG registes eteesnivie dheoicaler prnceakauenoss Bacgiser. K tivied! #5Blemegigtion is:
regi ster. General - purpose register A contains the
6-bit rggesgtojand:Gg:36-bit skip. A typical
I npl enentation is: g 47:42] <- gd 47:42] (vector
| engt h)'RYElah7] A4 <- gg 41 :37] (starting el ement)
9d 36:31] <- rA[21:16] (repeat) g{d 30:15] <- rA[15:0]
[0097]sKierMo@ Indnefliate toyG[Rebidér (mi(vigseg,rd,sa9e) Therckiby é shown
o . Two | di_at es %% G Register (nRig)" instruction is
mFl%ﬁ%\}vﬁ-nirfﬁe ETHH et et FEEUOB S et of the instruction
1s:09d 47:42] <- g 47:42] (vector length) gg41:37] <-
0d 41: 3wj(vigses.tg.plee.e¢)ehB®3 gd 36:31] <- rS[5:0]
(repeat)
For this instruction the vector pipe is selected by the 3-bit P field. The Stride and Skip

Immediate is a 12-bit signed value. (An assembly error will occur if more than twelve bits are
specified.) The immediate values as shown in Table 1 are sent to the selected gG register.
The MSB of Stride has the sign extended to form a 15-bit value. The MSB of Skip has the

sign extended to form a 16-bit value.
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0 30:15] <- rA[15:0] (skip) gd 14:0] <- rB[14:0]
(stride) [0096] The "Move Hi gher G Register to Scal ar
woOnhgspi44knst ruction is shown in Figure 14. ThecTasSams/016485

of the instruction is: mhgs rD, P,gG For this
instruction the vector pipe is selected by the 3-bit P
field. ,fg hiphs@grder 17 bits of the gGegister are
sent tot sca%ar gener al -pur ose D register.

For thiy mstrad;thmbb Fowol Ripe tsrselegtedbm[t ®3-Ojt P<ﬁelg(§1“ hpﬂﬂgggdl@tgyglye for

the v?c%g (1919%11 ése!b%ﬁ)tgﬂ@ﬁj(gﬁ& MR PUE LR 18 RE 35917 (0x00) of

the inshr@&dR, R is BB th @igWRictopigeat stored mubé adlﬁesssd gG register. A
m (vl g,seg,rg,skg,sg) |I,P,gG For this instruction the
t}’PlCﬂ/lem&ﬁme%i@nll% sel ect ed by the 3-bit P field. The

Stri des%%7§b R Iy ]ate | e&o%l?eng{hz si gned val ue.

(An as rro occur than twelve bits
are speg(}[fmlead]k T[ﬁa'.ilm“redl atsearviagdesmast)shown i n Tabl e
1 are sent to_the sel ed gG register. The MSB of
Stride $as083é< sigﬁg@gﬁgnded to forma 15-bit val ue.

The I\/B%i(gtn(ﬁlg f@ﬁ)hg sign extended to forma 16-bit

val ue or this instruction the vector
pi pe |3$§dnéﬂtsdgﬁﬁl4ﬁb 3-bit P field. The i mediate
value for the vector length is in bits [16:1 1]

[0094]0@9% “VbPE THAS MG t6 ERBEi tek $m28k)Didssrub R i8 Show Kk 12.

he instruction, and is sent to the vector pipe an
The btmate:d‘thmmsfmctmm essed gG register. A typical
inplementation is: g 47:42] < - 1[16:1 1] (vector

| engt h)masd 4d5,38) P,eG | [ 25: 21] (starting el enent)
0 36: 31] < - gd 36:31] gd 30:15] < - g(d 30: 15]

For this instruction the vector pipe is selected by the 3-bit P field. Portions of the contents of
the two general registers rA and 1B are sent to the selected vector pipe, and stored in the
addressed gG register. General-purpose register A contains the 5-bit starting element, and

general-purpose register B contains the 6-bit vector length. A typical implementation is:

gG[47:42] <-1B[5:0] (vector length)
gG[41:37] <- rA[4:0] (starting element)
gGl36:31] <- gG[36:31] (repeat)
gG[30:15] <- gG[30:15] (skip)
gG[14:0] <- gG[14:0] (stride)
[0095] The “Move Three Scalars to G Register (m3sg)” instruction is shown in Figure

13. The format of the instruction is:

m3sg 1S,rA,rB,P,gG
For this instruction the vector pipe is selected by the 3-bit P field. Portions of the contents of
the three general registers rA, rB, and tS are sent to the selected vector pipe and stored in the
ad-dressed gG register. General-purpose register S contains the 6-bit repeat, and general-
purpose register A contains the 16-bit skip. General-purpose register B contains the 15-bit
stride. A typical Implementation is:
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gd 14: 0] <
Regi st er

(nmesg)”

n2sg rA,

For this instruction the vector pipe is selected by
the 3-bit P field. Portions of the contents of the two

g 14: 0] [0094] The "Move Two Scalars to G
instruction is shown in Figure 12.

woheosiior4azat of the instruction is: r BPCPUSQUB5/016485

en re Ters . [ i K sel ected ;
8pp$¥jnm ng@éﬁﬁ mn@?&gggi 1ﬁpgré8rg§§ t{&e&gpﬁt%ﬁ fegister Action
GEnéWéI-pu pose register A containg the 5 blt_startlng
el enfior ahd generalrpur ppse regi sti@ovBinkRstié Asctdrhe | gg<-1
6- bllgngﬂect 317;413enqt h. A ty3|V@aI | rrpl Qen‘@t‘httatﬁe@relgﬁfer
OIS e 72 B S S ve(, Fengt r) j
r Al St 51{?5 i ng “élm eq;lG[ 36: 3] 2’: uﬁn %?e%‘]ﬁ?gr gG<1
(r(nn‘?l e;n 5] <- nr:r 1a) e\me
s[€] 1M/AO] (>tr| de) [0095] The " l\/bve Thr ee Scal ars to G
Regi gd %‘ét (fBsg) ffucti pftgi s ShAWbyk b Repdadtto | gG<-1
The f OD t| gkt he Fﬁs!ruci | on i S: nr&@lggegdeg er gG 9
Fer—thts—ihstructH oft the—yectot setect
thel Shit P field2¥dtiongidse t he c‘t\&;{g d‘%? S'f"i’]@ gG<-1
thriee gener8i'®redisters rA_rB_ and A ent to tHe
sel esttigdd vect or piEetdand stndsged i n |tNtwye dndneliias sigde @G | 9G<-1
regi ster. Gé&ferall-purpose|register |$hae@rrdstars t he
b-bl& repeat, and gener aI pur pose register A cont ai ns
t ho hit o|/| n p= H

TS —IT O 1OT < T \»\,II\,I U.I |Jul PUOC I UI Dl. CI LJ bUIIl. O.I IID
the 15- b|
15Tabl e 1 ?‘Eﬁ‘?ﬁé{fi‘ég at?h%ﬁ%}'lﬁ %ﬁ%? ¥ val ues
A typi cal |rrpl enentation is: Mvl g¢47:42] <-

| [19: 14]

Mivl gG[47:42] <-1[19:14]
mise gG[47:37] <-1[18:14]
gG[36:31] <- 1[19:14]
misk gG[26:15] <- 1]25:14]
gG[30:27] <- 1[25]

gG[11:0] <- I[25:14]
gG[14:12] <- 1[25]

mir

mis

A typipaoimplpmentadiqpdsa7: 37] <- 1[18:14] nir gd 36: 31] <-

[0098] The “Multi-Pipe Move Immediate to G Register (mmi(vlg,seg,rg,skg,sg))”

instruction is shown in Figure 16. The format of that instruction is:

mmi (vlg, seg, rg, skg, sg) I, gG

For this instruction all vector pipes are selected. The immediate values shown in Table 2 are

sent to all vector pipes and the selected gG register. The MSB of Stride has the sign extended

to form a 15-bit value. The MSB of Skip has the sign extended to form a 16-bit value.
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m sk g 26:15] <- 1[25:14] gd 30:27] <- I[25] ms
g | 1:0] <- 1[25:14] gF 14: 12] <- 1[25] [0098] The
wO b6t 12142 pe Move | mredi ate to G Regi ster PCT/US2005/016485
(rmm (vl g,seg,rg,skg,sg))" instruction is shown in
Figure 16. The format of that instruction is: mm

Y (Wafe S€99G" 9} imiidhiats Y op odg; > Mifemdnil $ DeBSHdtidft 10N al T T Action
ect or pI pes are SGT eqt CF r% | mre | at e V; ues shown

i o] cant Al ] ’- nr\c— nad +hn

i Ta
LI LI Al C Z Cll SCTIL l ari V \Jl UI LS U.IIU L e

0 $& ected gG register. |The MBB of Str| de has the sign

1 exbepded 47 opomy 15-bis val|ugmivighe MeBItiQipeSkde has | gG<-1
t g gn| ext ended to florma 16-bit val iemddd eechor length
Mul ti-Pipe Mye | nmedijate Vallues A typiathé G register

o | =ple rrent@,t_:;?onw.% MulltdonPi pes,, 8Ga< rate ]
[ ggg]%]]t " I\/U[I ti -]PI pg Move <>carﬁlgé}g Regiﬁn%tg&até 961
Regl ster (st(vI g, seg,|rg, skg,[sg) )" i n‘>bkhh@ﬁt't@fhe'(§reglster

shown—nFrgure 17— Tte formgt—of —that—nstruction—+s:
ms(vl g, iseq, rg, skg, sq)| rA gGlFor thislinstruction all
®epext pli 3B @nei14el eqtasd. Thenmiant ent subifpidehtove gG<-1

gener al -jpur pose scal ar| regi stjer rA ar ¢ingeettiaté¢ @pedtlto the
ector pli pes jand the sel ected gG regi $Gargistdiabl e 3

5 (egpri bessoMy Chshit s flram generakrPur PRER-FRIGEET A | go<-1
go to the fields of regi ster |gG Tabl e %mmtéémﬂo%g
Move | nstructfions A typical i rrpl ement dt’dg&ﬂarl S:

MIT I =Pp < Lantje (TA) UJ.UUJ T IVUIII-I-'Ip
6 \/t%%/”deSc |§4f'0 ?ﬁzilﬂddher G Regi st'&"*{ msh @u' i ég% gG<1

Is shown in Higure 18.] The fgrmat of f glt i

1 on
FCar +thic o nctlriieat \IQth\r ninac

i e hiey » Al on
o, mmory 1T/, Yo TUl o1 IIOLIU\/LIUII

7 aPM# sel ected.| The contlents ofl general regl ster rA are

| LB SR

sent to all of the vector pipes and stored in the
addr essed ¢G rkbies?.eManlti-Pipe Mownd lemhediatt Vipduesr al pur pose
register rA are sent to the selected vector pipe and

A typlcal RhlbMedthi€ortiBPer seventeen bits
Multi-Pipes gG <- table Immediate

[0099] The “Multi-Pipe Move Scalar Register to G Register (mms(vlg,seg,rg,skg,sg))”

instruction is shown in Figure 17. The format of that instruction is:
mms(vlg,seg,rg,skg,sg) rA,gG

For this instruction all vector pipes are selected. The contents of the general-purpose scalar
register rA are sent to all vector pipes and the selected gG register. Table 3 describes which

bits from general-purpose register rA go to the fields of register gG.
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[47:3 1] of the addressed gG register. A typical A
typical inplementation of the instruction is:

wQeheb72Bdy <- rA[16: 0] [0101] The "Ml ti-Pi pe MpEE/US2005/016485
Scalar to Lower G Register (mmslg)" instruction is

hown in Figure 19. The format of the instruction is:
Y [tNaing r A qgisror | RAi S| MAGhEnES | DRséHptioH©Ct O pi Pes agfich
o belecteq. The pontents of generat regrster—A-afe-—sent

o-all df the vector pipes and stored in the addressed
1 C/eclqi st|ed’gl2 The0 conhestis of | (yehienm makpess I eg gtelra)
rl8ngife dent tol the [sel ect ed mgtstﬁrtqjhge regislerst of ed i n

2 Ib@rtl owerg1371 oips R0 © ?égls @% 63 369 LB

r e@ghsadter|. A tyjpical| inpl emam Q,@mbm

s: 9gd 30:0] < rA[30:0] [0108kdT g.ste ?

egi ster to G Regrster (ms(vig; beg,lg,br\g,ag))
pstructiion i s shown in Figure 20. The fornmat of the

| Reneauict] i361911 s:5:0rs |(ogg seg| Multispipglogive sehlarr A, PG o)
For this instrjuction the vect tgisisr ppeatdo helGect ed by
t he 3-bijty P flield.| The cont eifgstepf t he gener al pur pose

5 |sea)ar egist arisioA |shmskh0 t hRLARIRHRE sifst O PidE(a)
are then sent |to the sel ect elregicter 8@ Bl Table 4
shows whi ch bifts fromthe genegeief pur pos‘,e reg| ster rA

Regi ster Instrfuctign 10_3] Eie ar t|o%
H gher G Regi gter (mshg)" I NS}l |s s in

6 |[O8ridd tNe, bl elfds. o I | ster %Eﬁ' p'p&ﬁy’é Vove om,ég_&&)

L

ure 2t —Thegformat—of—the .slruclaon S QD M-EA <-

! (’W%['a 110] + A[3 1:0]) vVD(j)[7:0] <- (SRAM EA)[7:0]

vVD(j)[15:8] <- (SRAMEA)[7] else SRAM EA(i) <-
(rB[31:0] + rA 3ableP+d@yitivRip¢ Mdve IftructiofsSRAM
EA) (i)[7:0] vvD(j)[15:8] <- (SRAM EA) (i)[7]

A typical implementation is:

Multi-Pipes gG <- table (rA)

[0100] The “Multi-Pipe Move Scalar to Higher G Register (mmshg)” instruction is shown
in Figure 18. The format of that instruction is:

mmshg rA,gG

For this instruction all vector pipes are selected. The contents of general register rA are sent
to all of the vector pipes and stored in the addressed gG registers. The contents of general-
purpose register rA are sent to the selected vector pipe and stored in the upper seventeen bits
[47:31] of the addressed gG register. A typical A typical implementation of the instruction

is:
gGl47:31]<- rA[16:0]

[0101] The “Multi-Pipe Move Scalar to Lower G Register (mmslg)” instruction is shown
in Figure 19. The format of the instruction is:

mmslg rA,gG
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end if i++, j 0+1) nod 32; endwhile [0106] The "\Vector
Load Byte Offset (vlbo)" instruction is shown in
woionerie14d4. The format of the instruction is: PCDWS2005/016485
vVD, rA O P,gG For this instruction the vector byte
data is | oaded fromthe Effective Address (EA) in the
For th3RAMhiclioh R vepeepibtestedelstiemaThocont@s of ganegi sdgistervi¥Dure sent
and sign-extended. The G(fnt SI ned of f set i%
ol o nrtenmine g ierddoees e A
[
purpo oAy R e e R B AR By RS R B80:0] of
the adfiiested g®rdgidters A hypiqal peplemaitetion effthe strasticn ival ue from
0-3. The upper bit of the P field is reserved for
future @g@@. iona[ihe)G field is used to select one of
ei ght Ig egi sters that contains the val ues for

1027 i S S 1R PO SIER R en
show AT ONe 26 magifsthee of theenstrlibgorEA: refers to the SRAM A
typi cal inplementation of the instructionis: i =1, j

1 Cotr PHoRAE SRR W B Cots(or Toet) s + rAL
For thg- O] céz}?ft) [ Z@?%f@?@,@pﬁéﬁgﬁgf £h7 ggal i{[i%H l'gl%e) Aqgte_pts of the general-
purpos%ﬁr?%g %T@ rA/ VB kd thes lactéd Vé gzﬁ%(thér{ sénfto the selected gG

RAMEA mshg rA, P, gG Fo
registéhi Babile liaves which bite fmm:ﬂho gerpﬂrﬁ@urlsosg abgigeh By ta 1111@ fields of
. 3-bit Pfield. The contents of general purpose

register gG.
Y Name gG RA Mnemonic | Description Action
0
1 Vector 47:42 | 5:0 msvlg Move scalar register vector length to the | gG<-1
length G register
2 Start 41:37 | 4.0 mssegd Move scalar register starting element to gG<-1
element the G register
3 N/A
4 Repeat 36:31 | 5:0 msrg Move scalar register repeat to the G gG<-1
register
5 Skip 30:15 | 15:0 | msskg Move scalar register skip to the G gG<-1
register
6 Siride 14:0 | 14:0 | mssg Move scalar register stride to the G gG<-1
register
7 N/A

Table 4. Move Scalar Register Instructions

[0103] The “Move Scalar to Higher G Register (mshg)” instruction is shown in Figure 21.

The format of the instruction is:
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register rA are sent to the sel ected vector pipe and

stored in the upper seventeen bits [47:3 1] of the
wadadieazsad gG regi ster. A typical inplenentati saTal2d08016485

instruction is: g 47:31] <- gQErA 16:0] [0104] The

"Move Scalar to Lower G Register (nslg)" instruction

is shown in Figur gradv EHe- (frBFﬁle)] PtAfaney nstructi on
is: melg rA P,gG For this instruction the vector pipe

i s selected by th&VR(bIT:0P<f(S&AM Efné7:8bnt ents of
eneral register n t ected vector
gi pe and stglor ed |&e{t[ﬁ@ﬁ52@eir @Rfl\@leﬁt@ﬁ[]%: 0] \(;f t he

addressed gGekegi ster. A typical inplenmentation of the
instruction is: gd30:0] <- rA[30:0] [0105] The
"Vector Load Byt ea{rﬁ’@\éﬁlﬁl)(ﬁll(g[ﬂ‘oﬂ ﬁ§t‘\t[%ﬂépj+&@)i s shown
in Figure 23. The oPL. &RaNIIstdetdon s vl bi
vVD, rA rB, P, gG Fo?’fv?);}qy? PEStq’SUCtI on )312@ v]ect or data is
| oaded from the EVVEX)) MeSlAddSBEM ERMI)[I7Th t he SRAM to

t he specified glgtsti nati on vector register vVD. The
i ndex fromtf&?tontents of general -purpose register rB

i s addegt g-the)Gped epts of general - purpose register
rAto formthe éeffective SRAM address. The index (rB)

is a sigméwhilaal ue, and the base (rA) register is an
unsi gned val ue. The byte in nenory addressed by the EA

[0106F Theaviegtoi Doad Byte OFf¥e@ (€lBb) ahGhictibh isSsh6%n in Figure 24. The
gener al - purpose vector register vVD. The hi gh-order

formgt eisthe insgjapiéqrals: pur pose regi ster vVD are replaced with
bit seven of the | oaded value. The 3-bit P field
cont ai nsltohe vpilgeA , O th€r whi ch has a val ue from 0- 3.
The upper bit of the P field is reserved for future

For tﬁgsggfﬂcgen tﬁré\?ecﬁrfb.g\%l Fid 8 lé‘aﬁgg ot $E Fﬁ%&ti@gd@ﬁessieéggg}tin the SRAM

gl sters that contalins the va or str
to ths kpqejfiadaiestiniation ectoreregister gV Branid sgnedxéamded. , Thentbi eighed offset is sign-

extepzd ] i el e R A% i ol R e gt B Erpose
registteiﬁ%éi:tefrlglgltﬂ g{rei éEiééﬁ%?@ﬁRAM dddrbss= ThE 8181l Péeld RARMs WO bipR number,
which has a value from 0-3. The upper bit of the P field is reserved for future expansion. The G
field is used to select one of eight local registers that contains the values for stride, skip, the vector
starting element, and vector length that will be used for this operation. Each pipe has one G

register file. The EA refers to the SRAM. A typical implementation of the instruction is:

i=1,j = Starting Element

While (i <= Vector Length)
if (stride=0, skip=0)
SRAM EA <- (exts(offset)<<5 +rA[31:0])
vVD(j)[7:0] <- (SRAM EA)[7:0]
vVD(j)[15:8] <- (SRAM EA)[7]

else
SRAM EA(1) <- (exts(offset)<<5 +rA[31:0]+gG)
vVD(j)[7:0] <- (SRAM EA)(i)[7:0]
vVD(j)[15:8] <- (SRAM EA)(1)[7]
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if(stride=O skip=0) 2 lend if i++, J = G+ 1) nod 32,

endwhil e [0107] The "Vector Load Doubl et |ndexed
woOeb@ipi44nst ruction is shown in Figure 25. ThecTasSams/016485

of the instruction is: vidi vVD rA rB,P,gG For this

instruction the vector data is | oaded fromthe

Ef f ect |1¥1§h€ggr @s in the SRAMto the specified

destinati vecf regl ster vVD. The index fromthe

t ent f | - dded
o R R YL ST S0 S0 O SR8t B e
purp&é%%;ﬁ&fﬂeﬁ& hﬁé%e&%%@ﬁ@é’c%ﬁsvecﬂ 1ﬁeﬂaﬂ& X%torédBh th&uphed kGRALken bits

val ue, and the base regls i's an unsi gned

[47:30hb{ite a¢dar@s599tgéi lreglstqr.e aylmglema@m@@rseﬂthswsméhms
is |loaded into general -purpose vector register vVD.
The 3-biG[47:81pkdgCGom Aions] t he pi pe number, which has
a value fromO0-3. The upper bit of the P field is

0 OLEFRL Syl o N TIPS g 2.

The foahatas thomsstcetiodds: ski p, the vect or starting el enent,

and vector length that will be used for this
oper ati@Qjo RGN0 pe has one Gregister file. A
typlcal |n'plerrentat|on of thelnstructlonls =1,

J
For t}'(11§ tllﬁ%alghmgwe Vgi“'}e g;t)lpg\gsl)sle ﬂﬂbﬁﬂle\!f&{t ?é"[egf gog{enf&[oé‘ general register

rA ards8tho ’th\é@éleﬁsd Seddbr pipe drdRfYedRy) thd bovidk 3¢ Ibsis [3ORAMIEA(ddiressed gG
<- (rB[3 1:0] + rA[3 1:0]. + gG vVD(j)][15: 0] <- (SRAM
regisen) A typiesl: ] 1g]p anentation of the 1nstruct10n 1s:

gG[30:0] <- rA[30:0]

[0105] The “Vector Load Byte Indexed (vlbi)” instruction is shown in Figure 23. The

format of the instruction is:
vlbi  vVD,rA,rB,P,gG

For this instruction the vector data is loaded from the Effective Address (EA) in the SRAM to
the specified destination vector register vVD. The index from the contents of general-purpose
register 1B is added to the contents of general-purpose register rA to form the effective SRAM
address. The index (1B) is a signed value, and the base (rA) register is an unsigned value. The
byte in memory addressed by the EA is loaded into the low-order eight bits of general-purpose
vector register vVD. The high-order bits of generél-purpose register vVD are replaced with bit
seven of the loaded value. The 3-bit P field contains the pipe number which has a value from 0-
3. The upper bit of the P field is reserved for future expansion. The G field is used to select one of
eight local registers that contains the values for stride, skip, repeat, the vector starting element,
and vector length that will be used for this operation. Each pipe has one G register file. A

typical implementation of the instruction is:

i =1, j = Starting Element
While (i <= Vector Length)
if (stride=0, skip=0)
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i+ +J =( J+ 1) nod 32; endwhile [0108] The "Vector
Load Doublet O fset (vldo)" instruction is shown in
woionerie14d6. The format of the instruction is: PCUMWS2005/016485
vVD, rA O P,gGor this instruction the vector data is
| oaded fromthe Effective Address (EA) in the SRAMto
the spegjfired destination vector register vVD. The
6-bit signed offset is sign-extended and shifted | eft
si x bi titpopT(itdnsioda?d t hen added to the contents of
gener al SRULRase register rAto formthe effective SRAM
addr ess” I#‘ 3-bit Pfield cont ai ns the pi pe nunber,
whi ch has a val ue from 0- 3. upper bit of the_P

[0107]i Bhed Yestorckead Raublet Indexed évl@} AgiugHon PgowEn AR 5}%&@ % The
formé’cso??hetﬁséﬁ%ﬁﬁtls one of eight | ocal regi sters that
contain

e values for stride, skip, the vector
startln ele he vector length that will be
used fovld ’thl&ﬁﬁéﬁgﬁd% Each pi pe has one G register
file. The EA refers to the SRAM A typical _
For tmiamsanemnmme orctof datdvis 1oadsd front the B ffestive Addtess (EA) in the SRAM to the

speci}%(? gqsﬁn i e@t L l ngEXM <:h¥1_%)% %& fil? g%tatglitf ff‘ %en_gral-purPOSe register
1B is %&i{léﬁ]{o%é cdh\t@@ Bﬂ%’_bf nelal-pu %g;f%?\}kl5 f&n Bk %@feSR»Q\MSRAM address.

EA(i) <- (exts (offset + r Al 31: 0] +gQ WDO)[15 .
The index GRAM asigad)yals; agd @ﬁ Baser(tp ngEI‘@Spg}’) unpggned value. The byte in the

mem%r}d%@gjdlsiresée ]l%?%}% ig 1s 1%%8& ﬁﬁgﬂﬁ&%&ﬁ%&g Ivgggf(%%leste%r ngrPa i The 3-bit P
field @bnthine thasipé m@rhbémwhﬁ:h h‘d§h phlue ¥Snr A3t Bheugfer bit of the P field is
reserved for future expansioh. The G field is used to select one of eight local registers that
contains the values for stride, skip, the vector starting element, and vector length that will be used
for this operation. Each pipe has one G register file. A typical implementation of the

instruction is:

i=1, j = Starting Element
While (i <= Vector Length)
if (stride = 0, skip = 0)
SRAM EA <- (rB[31:0] +rA[31:0])
vVD(j)[15:0] <- (SRAM EA)[15:0]
else
SRAM EA() <- (rB[31:0] +rA[31:0] + gG)
vVD(j)[15:0] <- (SRAM EA)(1)[15:0]
end if
i++, j = (§+1) mod 32;

endwhile

[0108] The “Vector Load Doublet Offset (vldo)” instruction is shown in Figure 26. The

format of the instruction is:

vldo vVD,rA,0,P,gG
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For this instruction the vector data is sent fromthe

specified vector register vWS to the Effective Address
wWOB#)6/ 124t he SRAM The i ndex from the cont ent sPOT/US2005/016485

general - purpose register rBis added to the contents

of general -purpose register rAto formthe effective

For t%ﬁ%tﬁ@%ﬁ&% ve&taﬁdé’ta t&l 1Bad%dfﬂo%t ﬁile mt‘é&t%rl@ddr&% (E & the SRAM to the
has a value fromO-3. the upper of

Specnﬁhde d@tmateim\rep’@r regssseradD.f Bhe 6-bit mgee@ i53eh 551 Sten- exrﬂtazie@and shifted left

o o b SR R o B Pl 3L g e ctcive
SRAM addrbRg TRk8MHNP fieBébny:864 1BE plpRigihdbet, Ratichihdsl a igudiG&d 0-3. The
for this operation. Each pipe has one Gregister file.

upperhig of ﬁ@é%(ﬁqld Bresesved] for @W@é cxpangien. FReIGrikdd 5ased forsplect one of eight
local. rﬁ% tglts% t S ntg‘i.'i]ls ﬂ{ésda%[ég gor S dée%klg rfllltlf%/ ‘géc%%&ﬁftg& eégment, and the vector

|on 0 e instrut
lengthrtEt{t%HQ)]e used Afr $is oPdrattorg GlacBM =A opd Piegsster file. The EA refers to the
vVS[ 7:0]) [0110] .The_ "Vector  Store Byte Masked
R-Aivh i V%RIBWFI)"@“?]?‘@E the MsPYEISSShown in Figure 28.

The format of the instruction is: vstbm
vVS, r A, t%lnj\kstg(ﬁlgﬁﬂemetnts instruction the vector data

S sent i fi vector register vVS to the
EffectiV %c(tjr eglsecg‘ﬁi)engﬁ the SRAM The index fromthe
contents of gegeiialoRuifese register rB is added to

the contents of general-plUrpose register rAto form
the ef f ecti vERIMNEAder(exts(offppig<vat wd[3ln0Bach el ement

vVVS is store f f ddress only if

t he correspogxpﬁa 1&2@ bﬁ%{‘éic{)dreE?myojector el enent is
set to dige The 3-bit P f| eI d cont a| ns the p| pe nunber
whi ch has a val ue from

field is reseRyed El‘é(l)ﬁut(@?té(%fﬁﬁﬁﬁﬁﬁ 6rfA[3'hQ]*(gq)l eI dis
dt | t t hat
sse 10" selCet R ) S G ANGSRESpLor (et

vector shdifti ng el enent, and vector length that wll
be used. for thi tion. Each pipe has one G

regi st eb i ™ 1% &f{;@ex (rB) is a signed value, and
the basg,{¥#e r€gi ster is an unsigned vaI ue A typ| cal
i npl enentation of the instruction is: i

B R S BSOS

formaVMShE MshuBon isf MM | ] =!I
vstbi vVS,rArB,P,gG

For this instruction the vector data is sent from the specified vector register vVS to the Effective
Address (EA) in the SRAM. The index from the contents of general-purpose register 1B is added to
the contents of general-purpose register rA to form the effective SRAM address. The 3-bit P field
contains the pipe number which has a value from 0-3. the upper bit of the P field is reserved for
future expansion. The G field is used to select one of eight local registers that contains the values
for stride, skip, the vector stérting element, and vector length that will be used for this operation.
Each pipe has one G register file. The index (rB) is a signed value, and the base (rA) register is an

unsigned value. A typical implementation of the instruction is:
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I++J = G+ 1) nod 32 ; Endwhile [01 11] The "Vector

Store Byte Masked O fset (vstbno)" instruction is
wehaesn2i4a4 Fi gure 29. The format of the instrucPCoOWSE®S/016485

vstbno vVS, rA O mM P,gG For this instruction the

vector data is sent fromthe specified vector register

vVS toskheviBi Aect (BB 1AJar@E31{EA) ¢G) the SRAM The
contents of general -pur ose register rA are added to
t he of BBAM Ed Fohlm-t(H¥SEEPlect i ve SRAM address. The

val ue in each elenment vVS is stored in the effective
[0110PRAMWeetbe Store Byye Maské Iiodexed sysomdi)ii gnstmstiorbistshéwn in Figure
that vector elenent. is set to 1. The 3-bit P field
28. Thefraiehe! he@sPRHYSnber whi ch has a val ue from 0- 3.
The upper bit of the P field is reserved for future
expans ivethmi TW&,13,fB,eiM.Pigs used to sel ect one of eight
| ocal regi sters that contains the values for stride,

For thfslﬁh&m&l%ﬁﬂ?évec’ﬁo? Qath@Cdeat fr&hakd dppeified e@diﬁreglalﬁdv\i%m ﬂue Effective
h that will be used for this operation. Each

AddrdsaéEAD)m ti@ SRYMs t Bre indexelront e qommtﬁu%g@le(fa#)puir@sa r%%l-ﬁ?rer is added
nd the base ;

o o ARl 501 LAl SERMERS. v

cach dlermienk v VS i sﬁfraf il thg effbtive SR AMiakidregs ordy if\the tarespemdjhg )nask bit for

that V@\Rahglgrﬁelb]lﬁgét (& yé@%f f}cl%t])}) t-'ll-qzlg)(t i Enp jge.mknilsb_pr T?HC#&HS a value from
0-3. t}te Lgalpsrnl§i X\Qf [f(t-)ejr ;2Lsel I foAfthiBlex @ngfo‘ﬁ B %lﬁ%@ hsed to select one

ru0|on|s shovvnln ure 30. The format
of eight lobﬂ&eglﬁlféw thattdoatainsshe vatidsofor MSde, AKD, Rpg®, fhsrvector starting element,

KT (TR T Rty e
indexlt(lé@t 1§S§;§¥nba_ Bews) Fagre Bisk ?@g rfeSiset BRmaxmkRAsedalus hAftysical

It positions, added to the contents of

implegmnmtiaho;ﬁtlrepnsislctlegnsster rAto formthe effective SRAM
address. The 3-

i=1, j= Starting Element
While (i <= Vector Length)
SRAM EA(i) <- (rA[31:0]) + (B[31:0])+ gG
SRAM EA®)[7:0]<- (vVS(§)[7:0]) if mM[j]=1
i++, j = (§+1) mod 32;
Endwhile

[0111] The “Vector Store Byte Masked Offset (vstbmo)” instruction is shown in Figure

29. The format of the instruction is:
vstbmo vVS,rA,O,mM,P,gG

For this instruction the vector data is sent from the specified vector register vVS to the
Effective Address (EA) in the SRAM. The contents of general-purpose register rA are added to
the offset to form the effective SRAM address. The value in each element vVS is stored in
the effective SRAM address only if the corresponding mask bit for that vector element is set
to 1. The 3-bit P field contains the pipe number which has a value from 0-3. The upper bit of
the P field is reserved for future expansion. The G field is used to select one of eight local
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bit P field contains the pipe nunber which has a val ue
fromO0-3. The upper bit of the Pfield is reserved for
woéuabwsriei@xpansi on. The G field is used to sel eeCTMIS2006/016485
ei ght |local registers that contains the values for
stride, skip, the vector starting elenent, and vector
regigtesa gah contains el Valive forssidd, skipt lhapsat,d}he lvad:tomtartlEg (eh:n’mnp end

s B R 8ShEL P opd et BEST b P b il o

ImméditeRi)aah sighed eires)bad HRmasf rANRglshetd el i
= ICS(t[)artlsr%lg;.édEl enent Wi Iae ((r 51<_giSVector f%’%ﬁﬁ?lué Jpical

lmpljampxlﬁaylomof@émsémql@m] "6 + rA[31 :0] + gG SRAM
EA[7:0] (i) <- (WB[7:0](j)) i++, J G+ ) od 32;
endwhi | e=[101+3tarfing Flofmaitor Store Doubl et | ndexed
(vstdi)" struction is shown in Figure 31. The fornat
of the VW&I{] @& eetordbengddi vVsS, r A, rB, P, gGFor this

i nstruction Ghan§o@< Qﬁ&[%éfo?)égﬂg%d[zgmibg %\CI H]ed

vector register vVS'to t ectiv ess (
the SRAM Th8RiAMeRAG)GrA]+he MSEHf 20D ST efM[j]=1

general-purg e.re rB is added to the contents
of genel 311 Lﬁﬂa%‘%r%l ster rAto formthe effective

SRAM adgﬁcg,aﬁle The 3-bit P field contains the pipe
nunber which has a value from0-3. The upper bit of

< e d,for, fyture
o1l Bpg VA Eslove BSIEPYER« (Rbg iR srsho v dgF Ser 20. The
formbh@tthe GRtrattim he val ues for stride, skip, the vector
starting elenent, and vector length that will be used

for thi t 140 ch pipe has one Gregister file.
The md%ﬁﬁfg IJfA‘é,@Pé?gned val ue, and the base (rA)

For (i el HegeET AR oMk o i e Vet ragistpr VS fo the Effective
Add@ﬂ@%)%g_l@(ﬁ%?[gtl T\cf)i]@'s ?&At)fg %’f bﬁ@_%{glh%%m?%] ip)osmons, and
added to the\wShithts@)f @eralipurpaseregistet rA tonforn 3s effective SRAM address. The 3-
bit P field contains the pipe number which has a value from 0-3. The upper bit of the P field is
reserved for future expansion. The G field is used to select one of eight local registers that contains
the values for stride, skip, the vector starting element, and vector length that will be used for this
operation. Each pipe has one G register file. The index (rB) is a signed value and the base (rA)

register is an unsigned value. A typical implementation of the instruction is:

1= 1, j = Starting Element

While (i <= Vector Length)
SRAM EA[(i) <- (exts O[5:0]<<6 + rA[31:0] + gG)
SRAM EA[7:0](i) <- (vVS[7:0]())

1++, j = (j+1) mod 32;

endwhile

[0113] The “Vector Store Doublet Indexed (vstdi)” instruction is shown in Figure 31. The

format of the instruction is:

vstdi vVS,rA,1B,P,gG
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endwhi | e [0114] The "Vector Store Doubl et Masked | ndex
(vstdm )" instruction is shown in Figure 32. The
wobanmwariai the instruction is: vstdm vVS, rA, r BCHUSER09/@ 6485
For this instruction the vector data is sent fromthe
speci fied vector register vWS to the Effecti ve Address

For fhiAhsthuttibR eheSROMr dia8s sdnedBymfith@spetified GentberebStey VS to the Effective
general - pursose register rBis added to the contents

Addgshs @e%en He sEheriadaxsfram themontsnts of geneie-rarpase regjater 1B is added
SRAM
to the co?tﬁ ?gélietral \}H‘?%ﬁ%ﬁ!fg C]:éln ékg@cfgnﬁ kﬁe@%%%\é%mgﬁgsg The 3-bit P

ﬁeld(‘d@ht’aﬁfsﬁﬁél fips grumbskwhich bhon Vhlhalfro‘ﬁﬁ@BO rl“helupparmt (biS‘.hSEtﬁeld is
to 1. The 3-bit P field contains the pe .nunber whic
reserygd fog figtarq rxpprasieh OLIs. G fiRld g pisdrio prlect ohe Phaisip lwaérfwat@s that contains

the \éﬁ%@ %f%ﬂufe 1§ lfﬁ@ﬁ&tq@éﬁ?tﬂ@ré?&nen-{%dge tof eﬂgfhsthé{s\sﬁjl tﬁ:glsed for this

one’ o el ght egl st’ers that contains
operatadru @&clﬁ plpe dibs onkeGG rsgqstpr fitee datindek B g bignedstadud, andjthe base (rA)
el enent %vect th that will be used for this
regisgisat o ViSiERCE RN ok MHIRNTAIFHOg of REPSYqUen 15he
index (rB) is a signed value, and the base (rA)
regi stet=ilsj arStami@g@ii@uem‘al ue. A typical
I mpl eme

ai X instruction is: i =1, j =
Starti nghl":1 e < OV e[é Ich)<— Vect or Length) SRAM EA(i)
SRAM EACT) ?Pémm T M TR ) o
[ <- =i ++ =
1) nmod 32; W X{ <FHEVSUeeRleP) St ore Doubl et
Masked ef S instruction is shown in Figure
33. hegf%ﬁrm(th(}c?fl{l?ﬂgil nstruction is: vstdno

vVS, r A endwhil; gG For this instruction the vector data
Is sent fromthe specified vector register vVSto the

[01 15Lﬁﬁ‘e‘t V\é@toﬁ@%&%t‘b’i@)Mh&eﬁhﬁdéBﬁ%&ddrgﬁe ifs B b 1 sH(gwn in Figure

ner al - pur pose regi ster rA are to the offset to
32. ffhe fortnatofthf acstiueizorBRAM addr ess. The val ue i n each
element vWS is stored in the effecti ve SRAM addr ess

only if kg ¢os@asiEmil pggrask bit for that vector
elenent is set fo 1. The 3-bit P

For this instruction the vector data is sent from the specified vector register vV'S to the Effective
Address (EA) in the SRAM. The index from the contents of general-purpose register 1B is added
to the contents of general-purpose register rA to form the effective SRAM address. The value in
each element vVS is stored in the effective SRAM address only if the corresponding mask bit
for that vector element is set to 1. The 3-bit P field contains the pipe number which has a value
from 0-3. The upper bit of the P field is reserved for future expansion. The G field is used to
select one of eight local registers that contains the values for stride, skip, repeat, the vector
starting element, and vector length that will be used for this operation. Each pipe has one G reg-
ister file. The index (rB) is a signed value, and the base (rA) register is an unsigned value. A

typical implementation of the instruction is:

1= 1, j = Starting Element

While (i <= Vector Length)
SRAM EA(1) <- (rA[31:0]) + (zB[31:0])+ gG(stride,skip,repeat)
SRAM EA®@)[15:0]<- (vVS()[15:0]) if mM]j]=1

27



field contains the pipe nunber which has a value from

0-3. The upper bit of the P field is reserved for
woéuabwsriei@xpansi on. The G field is used to sel eeCTMIS2006/016485

the eight local registers that contains the values for

stride, skip, repeat, the vector starting el enent, and

vect or liehgth(GthanodB2; be used for this operation.

Each pipe,h 3, one Gregister file. The offset (O is a

si gned \93%’@ and the base (rA) register is an

unsi g rclced val ue. pi cal dgl ement ati on of th_e
[0115h dhe (¥ erton Stere lPoublqt Miaskedgpgfiset (vgtdzhe)enstrugion & shown in

- 31:0]) +
Fiaead Tpeopfot BN Sii b Tepeat) srau
EA 15: 0] <- (VvVS 15: 0 f = i++J G+l d
S diaths BEARARL, o L Li e
(vstdo)" instruction is shown in Figure 34. The fornat

For difis thsrictivnrthe veaor dast is vatt domiSspodi fddRiegiCr FeistdrviVS to the Effective
i ns ctlon ctor dat is sent fromthe specified

Add{Fé%{ %& Vi tanse EF’?%@tHWSAa‘E&Wé%@A( grapdded to the offset to

fornd 1A G%Me S-Iit‘&l\/ﬁacmréss sirgoesuotd sgh e Cf?neg{ AT “B(étgﬁqqﬂ the effective

shifted left six bit positions,
SRAN nddugsssondy iffha emaebsppmmg: geslk blg [ﬁsrtthzrt we@tor elefrentistsbteto 1. The 3-bit P

ef e _SRAM The fi.eld co
fetd i S RPN BT KRR pog AF gt 3 nbeifofthg pifera i
resel&'fid thefufiré Egadsios. TaSs & N&d i @ed ﬁdliel]?éc@ oﬁ%@?ﬂﬁ@ et 10ENGeSisters that
field is used to select one of eight |ocal registers

contgigthesahienfostrideeskiimirenset, fh@rVegfpr $t@|@ng sliment,tahd veeot lngth that will

T L T I —

the blaéd @A) Hgfstermﬂﬂxuﬂsi@):d alua Al tg;ﬁieﬂ iplengentAiod of e iRRHRtion is:
(rA) register is an unsigned value. A typical

Start .”‘ESLEF e PR e L1 et or *Length)  SRam
EA[ (i) Whilee(kts GGordlengihy r Al 31 : 0] + gG SRAM
EA[15:0] (1) §RA£1\\;[\4:SJX%1? :<Q]($ABl:b]B+JF] f:)?ts(oo-l-[‘lj?O])m<)éj 63+2 ;gG(stride,skip,repeat)
SRAM EA(1)[15:0]<- (vVS(§)[15:0]) if mM[j]=1
i++, = (+1) mod 32;

endwhile

[0116] The “Vector Store Doublet Offset (vstdo)” instruction is shown in Figure 34. The

format of the instruction is:
vstdo VVS,rA,O,P, eG

For this instruction the vector data is sent from the specified vector register vVS to the Effective
Address (EA) in the SRAM. The 6-bit signed offset is sign-extended, shifted left six bit positions,
and added to the contents of general-purpose register rA to form the effective SRAM address.
The 3-bit P field contains the pipe number which has a value from 0-3. The upper bit of the P
field is reserved for future expansion. The G field is used to select one of eight local registers that

contains the values for stride, skip, the vector starting element, and vector length that will be used
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endwhil e [0117] Figure 35 is a block diagramof a
vector nmenory system according to a preferred
wenhwdiemamt . The vector nmenory systemis coupl edTS2008016485
vector pipes 220 to receives read control information
and wite control information, as well as address
for thisfoperatibn.o Bach/Wipt Badates( regigierdiie.d€he ondex (B isra signddivialue, and the

vk e Y 1S 0L g

data input 311 and output 317. Preferably the nenory
syst em i rrcl, ndesant2@lElpperis of nenory organi zed as 128

banks o I ngl e por.t ry, each one of which is
512 by ﬁﬁﬁﬁﬁ §£;??ﬁ?§83£§€ftecture i s di scussed bel ow
i n conj uncti GRAM BAF{iDHr €exd6 O[5:0e<dOMAA| yﬁogngGﬁN
provi des sin% ezﬁgcle read and wite of 256 bytes and
supports doubReAM EAGLS @K <aduliSetS: i} es. Ei ght read

accesses, per_ ghpc .four wite accesses per clock
are ena'Tég. qh@”@%@?%? menory system has a four clock

cycl e | ahéwhile as al so di scussed bel ow. [0118] The
vector nmenory systemis coupled to a scalar cache 310,

[01 1;")’?1 SGrigRhsIERbRAKk AherRi N a Jgﬁoﬁﬁ&ﬂgrlfség/gt?ﬁg &%%ghﬁ'g tb1d preferred

e vector nenory system over two
embbdiment. dEhe weche thémeryfsiystembsiso®lR] todhelvart@Dipxst220ital eeceives read

adlet store bus 314. .The cache tags 316 are . .
conthd ot b Torring BTG £ BERE BT 4 Ve P8 PSS oHEf Wi data
is proviges ovekGourStabid poka st réliQataSovRr dishPY4-Bit $BANS1 9RhE B4 bits are

is four-way set associative. It is a wite-through
provededifer ¢irech medsy pecess GAMA) datamippiBé1 38d putpuieXi7e hreferably the

i nval I. dat e.int agces include DVA.wjt eration to
menjoy B i1 b T35 E R TR bDRCHRS AT A28 HR ¥ Qported
menioig,| daci€ofe yPWhieh iS5 18, {6 BiMS. AMiisQkcHiteeruveis idcusd®Bslow in

0-3, [0119] Figure 36 is a nore detailed illustration

conjgpetioneviieRigare hg DMAtus33b 31Z9revidesrsingle pecle raad and write of

250 BREBH SHPLAEDIBLEES RNy BN LI SLS P ok

four Thite benekses pbr clocioary eaitdedir Tiangetbraserh@tsygemas a 3@z clock cycle
334, 336, and g38. Each group includes 32 banks of
latengx 33 A150 dyyqUssEd RRIOWar e addressed via a bus 340 with
address information supplied over port 345 to retry
[0118bntThelve@®OmeTivey slestcan isscouplelido pecala cacke 316k rigo aoplemehted as
re-di scussed bel ow, ce .the addresses appeal on b N
SRAY] 0 T SRS e s R VPTG ROR 5 CEaIEr BB cher 128 bitwide
cach®ilRE Gl R Y3 18] £hdCO3PBi-RdNtald: BidreldrAAS Ghe A he@aEIB 16 are
bank. For exanple, the addresses on bus 340 first

depigigd.s dhere prolivthoderagleingadlate interface buses 318. Scalar cache 310 is a 4k byte
cache which is four-way set associative. It is a write-through cache with 16 byte lines. In

Figure 35 the external invalidate interfaces include DMA write operation to reload the vector

memory. The invalidate sources also include a vector store from any of the vector pipes 0-3.

[0119] Figure36isa more detailed illustration of the vector memory system 30. As shown
there, the memory system includes a 256 byte, double buffered DMA shift register 320 and
128 banks of SRAM memory 330. The banks of memory are arranged as four groups 332,
334, 336, and 338. Each group includes 32 banks of memory. The banks are addressed via a
bus 340 with address information supplied over port 345 to retry control 350. The details of

29



second stage 344, then third stage 346, and finally
fourth stage 348. If the bank address on bus 340
worbwhest4any of the bank addresses in group 33BCTRISAHE/016485
342 registers the "match" enabling data to be witten
to or read fromthe read/wite ports of the nenory, in
the FortEHMAGELr P ¥MtAT RRAL RELQW-beRRE NORAN e hddREHE 85RabbeniY340,
a 7-bit address, with two bits designating the group,
howgwet, thiey @assi thepugh gidgsiage mpelineovizanthewiatehiomtaneat wigh thepddresses

B e the address .i.nformation Lving on bu 40
tor i BAG L BAOPIS B ol R A0 B b Gt oo s 42, then
seconti8taga Be4 aekthindl stdgel3e6 AndEfnal Wbt stagcB 46e Nf BRWafl addtess on
retry control_ 350 is provided. The retry contro

bus dxmiatehesany pfdhe bk addmspesds StHUPSBRetfagoit rggistees tha fhmatch”

i kst ' downst r eam
a0 00 RS g R e
explbme# belosv. Hieh GHk tsmdﬂﬂisﬁatl*al&lﬁbﬂz_i V{bﬁt adldfbss, Iwith ﬂlz(lrcﬁbbifﬁail'(é:@i%ﬁating the
SO SLA G STHEA i [ Do W BiecBa iy Rovate thaapdeRyinformation

. ' ' t ' r e
00l A B4 PR Y T e
mulliple dietes andhinrl gecepkriod] npty chotrbl 350hsbfavided. A rethy Edntrol

o B o RSS90 Lot

the ddvaRtredrs a6@RELACEdinE 3RELI4£ 4O HAd 34B)REDA @ ack Yidbus 360 to
buffer. At an appropriate tine during operation of the

retryqoatiol 3 Hb nirthisayannenthe strae 2dBedsycan de dretried) ageidst the banks a
ks i -al | el 0121] Fi N b] ock
AR B e PRI, AT ool Bl b e

retryodo@trgl 3P of the 128 banks shown in Figure 36. As
shown by Figure 37, the bank can receive addresses,

[012\9‘;[ | 118 QRlAn ¢ ﬁ%@%ﬂéy gf{%%/f %q%g&ld a?l %ﬁlaaed lll-srilr(?geﬁgouble buffered

gnal' s are deco rrority encoder
DM Ashifgregispri3@0i g witlibelliscassdd Scmssadbtdibbauy, Q'é%hgfzally, the shift
.circuit enaples.a 12: 1 nultiplexer circuit to
regIgfhrds ‘Pﬂ%f? ﬂbcg‘ihsis 5 SPrIchiA fransiar sttt tbPHalK (3 3dutfpn 1hten
. it . _
apprfgﬂn%ié ﬁﬁqe?tﬁlrﬁlélofpkllaﬂ§ﬁ bAIE v%&g{ fﬁ%ﬁltogz se}gFetﬂﬁ éﬂes?%@eﬁgg drf1oaded into

urther detal Figure 38 1llustr

the 1@8anky ingiapadlel.ne, and Figure 39 the | oad contro
pi peline, both of which were represented bus 340 in

[012fF] 9Wigir867 id Hbiotl Bia@radBilfueirRfRNE Sdtt ARG S8 B¥fk PRER one group
used corresponding to those in Figure 36. At the |eft

of thad A8 banlgesshgwnin Figuee 38 As shovar y Faghird P, thedrank can receive

addresses, write data, and read/write control signals. The signals are decoded by a 12:1
priority encoder 370 using a priority which is discussed below. That circuit enables a 12:1

multiplexer circuit 372 to pass the appropriate information to bank 330.

[0122] Figures 38-45 illustrate the vector memory system in further detail. Figure 38
illustrates the store control pipeline, and Figure 39 the load control pipeline, both of which
were represented bus 340 in Figure 36. In Figure 38 reference numbers have been used
corresponding to those in Figure 36. At the left hand side of Figure 38 is a 3:1 multiplexer
360 which selects from among three sets of load input signals according to a priority

discussed below. The input signals to the multiplexer 360 include DMA write signals, vector
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360 which selects fromanong three sets of |oad input
signals according to a priority discussed bel ow. The
wonmst12si4gnal s to the multipl exer 360 include BPVRUSRI05®O16485
signals, vectorpipe wite signals, and scal ar cache
wite signals, all as shown. (The 2-bit wite request
pipe wittedi@ald Yhd RlBIcHBERIte sphalshll aeshibom. 0T Ie2-ditatitesequest
wites for the upper byte, the |ower

byt e, bot
signal OWitips WRT BEL] forths eactapine §0e5 Wiies Qféhegﬁlpp%? B%%d@-‘& lovger

[ iscussed below, nultiplexer 360 selects one of
byte’ofhg@iy?el’?ﬁee sets of input data and provi des that set

of inputs to the nultiplexer 364. Ml tiplexer..
(0123 6n B SPDRE SPERTHP EBHPRBIC ity hFddieBa. FEHAP Ay 300 select

one of PHEs A5 0 %ﬁ S 6ﬂﬁfu§t dheSard§RHvide B COMNPUIS to e nidtipleserd®4.
i"hofhe a éress I nformation earlier provided, for
Multipts@npbe endblesshepysowgowand wil splest the r@qq%bgsa.’}]@ if thewe hassbeen a

vt AT BVERER 90Dt S BT e e B o Reple o

1 ovided, Lo #Heagsie Bafid 4R khdrohasiaks hoibasit tarfliahtheh the
Succes\%/gt rg“?éjt ha(t) bankeaddr ess falls within the gr

informatiok Srofh muBiploden3 @) ispbacad on e aEA0 PAA PERSIASIP E%g? h(342) for
actermlgatigh Pl Shebeea0 vans S agbrolB LR 08 in growp

pl exer 471 s" hardw red.
33p. First priority is always given to retrying infornmation
froma previous cycle when a bank conflict has
COHETED, L btitYar 6 {198egtd & dabiSproMiled to
[0124£oﬁ#ﬁe(51F€egPl%%§§E§fe@%§g’l5ﬁ aF’P]O}g"ta}anks of _rrermpesl? as _
multiglé:6ee 866 el wiultipl &g a64isthardsigu: & isepriarity iglalpray givey tq trying

infornyasog Fima PEAE SUF P PO E RIS FOBOAH i Csafiie: SRty is
assigngﬁ 85 &ﬁ[ﬁ%e%&%ilgr P %wéalin%' {AE BEMBLJfRRenh Gy Msatitised vattsregard

ransterred to the banks based upon the . |
to Figheyd6. aifdrdamtority is dieemterieetor dotrconopdiont 4A 1pweHerpriygs given to

Figure 36. [0125 [ e 39 is.a.di Sim
ot ehaiatb 8o Lt Ea bR A Hken e on
bus 31(2 & 1S L AL Se SO0 1At bRikRBakddapdh @idbank afigss @ tB8maAser described
shown in Figure 39, the 3:1 nultiplexer 360 receives

with Bigkct @dtiguredest s, vector pipe read requests, and
scal ar cache read requests, together with associated
[0125300t88® 396 QEmmtdne Similk e BighrecileHutreiua dagrrahtokyripeline instead

provided to the second _nult]jpl exer 354 _whic 0QSES. 1,:
of hek vt couFeREaline RV NGRS 1l AGOY IBAREEO AT o8 THagplexes

36015 ASETAEH bt LEaEFbl Fatrel tmapait:radnecss
together with associated address information. The selected read signals are provided to the
second multiplexer 354 which chooses that selected read signals unless a bank conflict has
arisen and a retry is required, all in the same manner as discussed with respect to Figure 38.
The priorities for the load control pipeline in Figure 39 at multiplexer 360 are the same as in
Figure 38. In particular, read retries have top priority, followed by DMA read access, vector
reads, with scalar cache line fills having lowest priority. (If there has been a miss in the

scalar cache, the load pipes are used to refill the cache.)

[0126] Figure 40 is a block diagram illustrating in more detail the load data path from the
128 memory banks 330 (first discussed in conjunction with Figure 36) to the read output
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The priorities for the load control pipeline in Figure
39 at nmultiplexer 360 are the sane as in Figure 38. In
weoaondeiieud4ar, read retries have top priority, feCrwsems 016485
by DVA read access, vector reads, with scalar cache
line fills having |lowest priority. (If there has been
termirBldN Ashodnt iR i aha rfof echef thd B2 banksl irpéaoh graupeofmsandoryoa

refill the cache.) 0126 Figure 40 is a blo d .
mulifleNen$79 aelaig iy hgpls N R Tl A Pryed dﬁétoatpﬁ&ﬁ% Hfies 0 2:1

multqg% JI?J ﬁ@gs'&gl{n%‘& V%{oggﬁééaﬁéﬂ%ﬁlbﬂ St Flg‘ln%%s gred pkcfgressively select
betweBh! Eftnipt @hidhriafematien fbmwhicn bﬁ11<ga.ndewmel;1 gfoup vaHdlg ppdvided to the
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t
O e
belowpih@ghmastiorewith Feduec43.bet ween groups whi ch i nfornmation
from whi ch bank and which group will be provided to
[0127ﬁ h %g&&% RYts S8Rk ARigham TNBtrE@idlicw dRigolsBes, BB 336,and 338 of
ated near the é@%ht hand si de of the diagr

bank Jheemutit 33@ igjeafase with thoRMAshilideg§icn ﬁaﬁwegﬁ%ﬁq is illustrated
enc

acrossi:‘ihﬁﬁj \ger@ﬂl?rbq_gﬂ;f g}g.lglﬂ oy S g lg?o%ler ‘Eﬂef h%%giﬂjf%gs'téi‘ Rt bits at a

time tbl o 253118 bidGer B0 3 e 306 c&msaegﬁaed a33411p313>6 foanws 88dahd write
bank of nmenory 330 interface wt

data. rE@gh buer 1nsnd¢8ta }égnultiplexgzoupled f Thﬁﬁl%eao éf‘&?%%*?n% fiaga to be
wntteg&m?l% o kL b ﬁ]lel%f F?; Ifa?taq%: R 565 ROk LR Rleor}, W2 data buffered
reglsers |tsatat|rretoa26byte
for laRufsirRes. 32, shdVrkgisB6s a Bdlleldpaccwhidh asada all bapksfand phenoghifts them
DVA read and wite data. Each buffer includes a 3:1
out. nultiplexer coupled to the flip-flop to select from
data to be witten to the banks of nmenory, data being
[0128] e aFighuect is h@hagaam sll@tram@pynp% mgaalﬁ arpidadep eage msmory bank
ter Mﬁlte he shift

330 YV ROPEAS e PR R T Hor cars 7 ety P utsy cent

load 1%%&&5@5 (@ésibRatéd HadOr-asad 7)' ok Etakd ﬁi&rfab@s (degigiatal gowlCs- store 3),
provided to one neno bank 330 shown above in other
one DMdunced intgxgacs mjdmnq: Hl\éﬁ gm:t@ infgrfacen é\llng}fb?sy abeawput s1gnals to the

e
e R A RSP SHIET (100 4,
ot here oo e L 58 0 o ML 510 i

blocl{l]%)ﬁgxr Fp@ﬁlgﬁ TRE sRARKOH t43351ﬁ|%%11k &%tg%héodéi 390 receives the

d data output. - [0129] Figure 43 is a nore
load glet abﬂeeelqubetsctas gether ovithothe DA requiestsr iThe paiyicelat ettererdy gelected

shown
by the bank ID. Among all of the groups of input signals, DMA requests have the highest

priority, followed by the priorities in the order listed at the lower portion of the figure. The
output from the bank priority encoder includes bank read and bank write enable signals,

select bank index signals, select write data signals, and steer read data signals.

[0130] Figure 44 is a block diagram illustrating details of the bank index multiplexer 372
within a memory bank. This multiplexer was illustrated in block form in as multiplexer 372

in Figure 37. As shown in Figure 44, the index multiplexer 372 receives load and store bank
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bl ock formin Figure 37. As shown in Figure 43, the
bank priority encoder 370 receives the | oad and store
woeosaia4t oget her with the DVA requests. The PCT/US2005/016485
particul ar encoder is selected by the bank I D. Anpng
all of the groups of input signals, DVA requests have
index %%ﬁalg %ha?ls% RN bus¥s addfoloNe” tayest e s@ledt Ganit irgisx bontrol signal
or der

Isted at the I ower portion of the figure.
selectdthe Yehit putputf sigal previdiagitbhepenloidey- encoder i ncl udes
bank read and bank wite enable signals, select bank
[013 11 n dﬁmeaip@ealbcﬁnoﬁ qfrlg@e spnildseratbatiee S gndtiplexarfar slesting the write

data fq)11 4 pmlgégn " Sz‘is;hp@g élfeg% ﬁlgé %gurﬁ gtO#FB’é;S i b'i“? ﬁf\ég‘ ‘%é%b‘s are
provi<¥me|q aBlug)&? &Hg%ltﬂﬁ%r ?&i: %elléw I\&Mt@hﬁé @fgnﬁ‘lae?lobilh% 8hé é‘ﬂtﬁg five to

ormin-as nu exer 37 I N Igure
therebS Y B blhiguitige deta otitpet. |Incﬂ1m<lom@t pmpbe REF1R74Y, éhﬁé]i’%%ular
|

oad and store banki ndex for
input bubeupaRET BT SEGRenBaSels TATSRNEut i Sifadyoifletude the

' tods), Shabealk data and th
bank regHteﬁ%Jle %a?]ﬁ%’nbé%a% fotr lﬁﬁ f%la%g%vfﬁ h?/h%es) hoba pvé/)rrltteI gna and the

bank ﬁldgxu ThélSutphﬂ fineit et S:RAMGDIEISRS qum bapkeagad datppignals.
selecting the wite data for a particular bank. As
0132@ hopp JrB&kashe ﬁa@ Py Besotiptich feaed ehivedinhdht of a vector
us are provided as inputs to the nultiplexer. The lthousl
processk edth swectad puose IseigheaEnd b Btk sREcHREMATY 305essrspsiemy ¢ilthough

t her eb rovi de a b I
Ry AEs G ﬁegapgoa@eﬁoﬁ%ﬂeg%?oﬁéﬁ Bt b e B ope of
the 1n%19ﬂﬁ*1| i§ dE@fiedthetheapminded elbings. t hensel ves are

| ustrated. hese i nclude the bank read enabl e, bank

Mﬁlte enabl es (for upper and | ower bytes), the bank

wite data and the bank index. The output fromthe

SRAM consi sts of the bank read data signals. [0132]

The precedi ng has been a description of a preferred

enbodi nent of a vector processor with special purpose

regi ster and a high speed nenory access system

Al t hough nunerous details have been provided for the

pur pose of explaining the system the scope of the

invention is defined by the appended clains. What is
clainmed is: 1. A vector processor conprising: a set of
vector registers for storing data to be used in
execution of instructions; a vector functional unit
coupled to the vector registers for executing
instructions in response to operation codes provided
to the vector functional unit, wherein the operation
codes include a field referencing a special register;
and wherein
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when executing each instruction, reference is nmade to
both the operation code and the special register and
woheostiont4ent s of both are used for executi on oPCThS2005/016485
instruction. 2. A vector processor as in claiml
wherei n each vector instruction includes a | ength and
Vthﬁngﬁﬁ&iﬁg point, and the special register contains
i nformation about the Iength and the starting point
for each vector instruction. 3. A vector processor as
in claim 2 wherelPhpeaessoneammusmgast ruction furt her
i ncludes_retrieves . I ' -Ski ppi: . e
por i ort ¥ Shsrddiiag s RbUAE ChERTEEND 17 ERRBFoPinsiructions;
r epeat i Digector! faadionsl wiitdoRplefi t6l dearectbr rokistanoryexsyigingm
_ conprising: a group, of access ports for epabling . .
instrygéions i1 respoppe lorneEAtipn cadesgiroyfed ipdhe ¥ectos ﬁa%tl%ﬁgmata Jejerein the
f LI ; o) recei ve
oper g e R e e
seri es whemedceth ceh ateuctiin gederencuis nedetiobothdéhe operation code
address |lines, .each decoder for copparing,.an dr.ess ..
and (G5 SRR ERia SRR of Dot S vGr B gr E0uBE ob gty tion
to that decoder; a first set of nenory banks coupl ed

to the addreasebiofffocadior 4418 cliaha Whétein daeh Wesksr idstruction
first address decoder and a second address decoder, in

inclutléren Ipgthemdefstasting peist, dad wspecialgegisienprntaias indprmatiepapout the
an coupled to.th [ and the data lines
lengtgfapgi"et S%é‘%g% RO L Crhggeg%gé%% é:{r?gllin the series of
address decoders; a shift register coupled to each of
the first sen wvettorproeegobaniksland wheresmemolndesert instfuction

menory banks for perform ng bl ack Ioads.aq%. %P es .t
furthetiaclgemielrigygh Keormatign ieasrapg SKHAPHE 3POTLOT ffcé frﬁéﬁkoag‘r“ store
o er%m%ﬂe%tiﬁgglﬂ@ﬂt&%{dré’o appared at each of the address
Peldecod ' ﬁ !

ers to determ ne the nenory banks to which it is
addressed. 5. A nenory systemas in claim4 wherein
each nenpory hank in the set of.nenory banks incl udes
a

- two ports, PRIy YPGB ERS 0 the address and the
data | i pesouBordcddss prtdfs chaling akdeys fR0thé BReoM; t €

instruction and the data, and a second port coupled to
t he dat aset of address lines and a set of data lines coupled to the access ports to
receive address information and data from the access ports;

a series of address decoder stages coupled to the address lines, each decoder
for comparing an address on the address lines with a set of addresses assigned to that
decoder;

a first set of memory banks coupled to the address lines and the data lines
between a first address decoder and a second address decoder in the series of address
decoders;

a second set of memory banks coupled to the address lines and the data lines
after the second address decoder in the series of address decoders;

a shift register coupled to each of the first set of memory banks and the second
set of memory banks for performing block loads and stores to the memory banks; and

whereby an address for a bank of memory is sequentially compared at each of

the address decoders to determine the memory banks to which it is addressed.
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lines for providing data read fromthe nenory banks.

6. A conputer inplenented nethod for executing a
woeatear144mst ruct i on conpri si ng: decodi ng a vecPOT/US2005/016485

instruction, the instruction specifying an operation

to be perfornmed on at | east one vector, the

i nstruddion gpesidrykfigerdas apasial # emetpreachandedrybaniain the set

operation to be perforned on the vector, an address of.
of memdryy bgrksiaeludes vogrostset fighpet coypledio theaddressad \ﬂ%?cffaé% fines bya
I S Stor '
e L B BRSSP A0 3o R Bpleg o e
lines &F pashddmgsianfread frbinrtte megiosy bankst he third register
storing a starting elenment and a vector |ength; and
executing the vector instruction using information

fromthe firgtoabfiet hpemERY feBicdl for executing a vector instruction

comprising:

decoding a vector instruction, the instruction specifying an operation to be
performed on at least one vector, the instruction specifying an operation code to define an
operation to be performed on the vector, an address of a first vector register where the at least
one vector is stored, an address of a second vector register where a result of the operation is
to be stored, and an address of a third register, the third register storing a starting element and
a vector length; and

executing the vector instruction using information from the first and third

registers.
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