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I nstruction Sets BACKGROUND AND SUMVARY OF THE | NVENTI ON The present

. application relates to instruction processing in m croprocﬁmﬂmmm”m
architectures, and nore particularly to nultinedia process w”mmm
paral | el - processi ng architectures. Any mi croprocessor (or ana,ogous

progr ammabl e |l ogic) has to translate a st ream of instructions into

el ectrical tions in hardwage ahe west | evel » hhe | ogi cal bits of
the i nstructi JPIOCESSTRE Adrchb res With cal ’si gna's sent
to physical devices (e.g. transistors, gates, latches, or registers). One
common way to inpl m m dS/ uctions, where a |arge
nunber of bits spemp% thjpg ﬁ mus lines, within a
known har dwar e structure Such |nstruct|ons ar e necessarlly buI ky, because

nearly aBAGKGR( fMAR] B INVENTIONGt r uct i on.  Mor eover,

such instructj,ons becone,.even unb e |n nul ti.pr ocessor
i npl enent at i %apphcatlon relate %o %ru On processing ih mi CTOPFOCESSOr

amhlteclmes, and more particularly to multimedia processing using parallel-

processing architectures.

Any microprocessor (or analogous programmable logic) has to translate a
stream of instructions into electrical operations in hardware: at the lowest level, the
logical bits of the instruction must be translated into appropriate elecirical signals
sent to physical devices (e.g. transistors, gates, latches, or registers). One common
way to implement this is with microcoded instructions, where a large number of
bits specify signals to be applied to various lines, within a known hardware
structure, Such instructions are necessarily bulky, becanse nearly all possible
outputs are specified in each instruction. Moreover, such instractions become even
more cumbersome in multiprocessor implementations.

Varions attempts have been made to reduce the bulk of microcoded
programs. One way which has been suggested to reduce the bulk of microcode is
known as "vertical” microcode. This approach uses a decoding table to reduce the
storage requirements. With this decoding table defined, each microcode
instruction can be given a unique "name" which is much shorter than the
instruction itself. (For example, if there are no more than 256 instructions, each can
be referred to by an 8-bit name, even if the separate instructions are hundreds of
bits in length)) The short "names" of instructions are referred to as vertical
microcode, and the actual executable microcode instructions are referred to as
"horizontal" microcode. In this approach, the lookup table is sometimes used to
encode instruction fields rather than complete instructions, This reduces the
memory space needed for the lookup. Additional logic is needed for appropriate
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Various attenpts have been made to reduce the bul k of m crocoded prograns.
One way :whi ch has been suggested to reduce the bul k of m crocode is known

. as "vertical" mcrocode. This approach uses a decoding table to reduce the

storage requirenments. Wth this decoding table defined, each m crocode
instruction can be given a unique "nane" which is nmuch shorter than the

“instruction itself. (For exanple, if there are no nore than 256

i nstructions, each can be referred to by an 8-bit nanme, even if the
separate instructions are hundreds of bits in length.) The short "nanes" of
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A seri oop can be"used to load mcrocode at startup, but using a serial
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1/0 or DMA), and are implemented via the normal microcode load mechanism.

One way to cope with parallel-processing hardware is to use instruction-
level parallelism. A notable example of this is Very Long Instruction Word
(“VLIW™) architectures. In such architectures a single instruction can contain
separate fields for separate paralleled portions of hardware, e.g. for separate
paralleled AL Us, or even for alternative logical conditions.



One way to cope with parallel-processing hardware is to- use

I nstruction-level parallelism A notable exanple of this is Very Long
Instruction Word ("VLIW) architectures. In such architectures a single

i nstruction can contain separate fields for separate paralleled portions of
hardware, e.g. for separate paralleled ALUs, or even for alternative

| ogi cal conditions. Procassinz Architectures with Typed Instruction Sets
The present application desaibes a new architecture, for mcroprocessors
and the like, in mhlch a neM/Ia er of |nd|rect|on I s added: the instruction

sequencEmeeSSm g8 @niyeds how t he i ndi vi dual
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Long Instruction Word (VLI'W architectures and, in various enbodi nents,
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I nstructd me&twitha@l% opcode of the original instruction to prodice an expanded
executable instruction.)
This architecture overcomes many of the disadvantages of traditional Very
Long Instroction Word (VLIW) architectures and, in various embediments,
provides one or more of at least the following advantages:
o The instruction set can be expanded while maintaining backward
compatibility with existing programs; '
e Program code density is much higher than with traditional VLIW instruction
sets; and
e Algorithms can be coded independently of the type of data to be processed.



Al gorithnms can be coded independently of the type of data to be processed.
BRI.EF DESCRI PTI ON OF THE DRAW NGS The di scl osed inventions will be
described with reference to the acconpanyi ng draw ngs, which show i nportant
sanpl e enbodi nents of the invention and which are incorporated in the
specification hereof by reference, wherein: Figure 1 schematically
shows how an instruction is decoded using on-thefly selection of the
appropriate interpretation register (Type Register in this exanple) to get
t he appropriate Instruction G oup. Figure 2 shows one exanple of a

processor ar chi t ectBREEF DESCRIPTION OF THEDRAWINGShs can be
advant ageousl y enbodi ed (As di scussed bel.ow, .the disclosed invent,ions can

be enbodi edThe @se}owdhenvmmt suillurbe desogibed with referegge et theows an
gésgﬁlt %gwr ocessi ncgs’( i@n@{ Whl ch ﬁhg S%IF}SPE 8‘?"@@ !nvenlt IrR%nﬁ} ngsbgan
be e”bQH%&ﬂnhpaﬂﬁnwhﬁﬁhﬁk:ﬁ&ﬁﬂk&ﬁﬁHUﬁPﬂnﬁ§pMQHEM&xlhamqfhw'nﬁmemug

wherein:

Figure 1 schematically shows how an instruction is decoded using on-the-
fly selection of the appropriate interpretation register (Type Register in this
example) to get the appropriate Instruction Group.

Figure 2 shows one example of a processor architecture in which the
disclosed inventions can be advantageously embodied. (As discussed below, the
disclosed inventions can be embodied in many other architectures as well.)

Figure 3 shows an example of a processing cluster in which the disclosed
inventions can be advantageously embodied. (As discussed below, the disclosed
inventions can be embodied in many ‘other architectures as well.)




DETAI LED DESCRI PTI ON OF THE PREFERRED EMBODI MENTS The nuner ous

I nnovat rve teachings of the present application will be described with
particular reference to the presently preferred enbodi nent (by way of
exanple, and not of limtation). The typed instruction set is a novel

I nstruction format and decodi ng schene that overcones many of the

di sadvant ages of traditional Very Long Instruction Wrd (VLIW
architectures and has at |east the follow ng benefits: The instruction set
can be expanded while maintaining backward conpatlblllty with existing

pr ogr ans, ) i 6 - ! l.onal VLIW
I nstructio + he type of

data to be pr?ﬁte%‘ﬁi&ws innovative teachings of the present apphcaﬁon will be
described with particular reference to the presently preferred embodiment (by way
of example, and not of limitation).

The typed instruction set is a novel instruction format and decoding scheme
that overcomes many of the disadvantages of traditional Very Long Instruction
Word (VLIW) architectures and has at least the following benefits:

o The instruction set can be expanded while maintaining backward
compatibility with existing programs;

e Program code density is much higher than with traditional VLIW instruction
sets; and

e Algorithms can be coded independently of the type of data to be processed.

Figure 1 schematically shows how an instruction is decoded using on-the-
fly selection of the appropriate interpretation register (Type Register in this
example) to get the appropriate Instruction Group. With reference to Figure 1,
each instruction includes a Type ID field (110) that is used to select one of an
array of Type Registers (120), Each Type Register holds the Instruction Group
to use (130) and the Opecode field of the instruction is indexed through the
Instruction Group to determine the Final Instruction (140) to be presented to the
MICroprocessor. |

Tn this sample embodiment, every instruction has a fixed size of 32 bits.
Each instruction contains a 3-bit Type ID, a 4-bit Opcode ficld, one bit to indicate
a conditional instruction and 24 bits to specify the operands. Instructions can be
sequencer or PE (processing element) instructions. In this embodiment the
sequencer instructions direct a single sequencer; this helps to amortize the



Figure 1 schematically shows how an instruction is decoded using on-thefly
sel.ection of the appropriate interpretafion register (Type Register in this
. exanple) to get the appropriate Instruction Goup. Wth reference to Figure
1, each instruction includes a Type ID field (110) that is used to sel ect
one of an array of Type Registers (120). Each Type Regi ster holds the

*Instruction G oup to use (130) and the Opcode field of the instruction is

i ndexed through the Instruction Goup to deternmine the Final Instruction
(140) to be presented to the m croprocessor. In this sanpl e enbodi nent,
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sequencer i nsth tisisisamplelembodinfens, thg I Typedipisnemmposetlicf InbitpsTwo ofiths t i ze
the hardware needed to control the proc&(st;i,n , el ements. The PE
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egl sters. In this sanple enbodi ment, each Type
Regi ster is 64nighisSamplicembrtiment)eathnType Relisterfis 64 dits wide, andicontmnof 64

possi bl e Instruction G oups, each of which can cgontain up t 6.
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Groups, but each of these Instruction Groups will be defined to operate on a
different operand data format (for example, 32-bit floating point or 32-bit integer).
When more than 16 arithmetic or logical operators are required for the same
operand data format, then more than one Instruction Group may be defined for that
data format. The 24-bit operand select field will typically contain absolute or
relative addresses for program execution control flow instructions.
Very generally speaking, the Sequencer instractions can be divided into
five groups:
1) Program execution flow control (e.g. AbsJmp, RelJmp, AbsJsr, RelJsr,
Retfmp, LokImp, GleJmp, Elskmp, OffJmp, Resume)




Very general ly speaking, the Sequencer instructions can be divided into
five groups: 1) Program execution flow control (e.g. AbsJnp, ReUnp, AbsJsr,
. Reljsr, Retlnp, Lnlanp, dcJdrup, El sdrnp, Oflnp, Resune) 2) Sequencer
node regi ster updates (e.g. SetlVlide, AddMle, 1vlovMle, LdNxtU, SetFl g,
UseNxt, SetBuf, SetO'c SetBSM Set Msk) 3) PE Register file updates (e.qg.

* Ldlrand, Seg2Pe, GetMem PutMem Get.Ind, Putlnd, RdFifo, WFffo, GetSte,
Put Ste, GetVal, PutVal) 4) Instruction cache control (e.g. PFetch), and 5)
Synchroni zati on (e.g. ChkPnt)

2) Sequencer mode register updates (e.g. SetMde, AddMde, MovMde, LANxtU,
SefFlg, UseNxt, SetBuf, SetOff, SetBSM, SetMsk)
3) PE Register file updates (e.g. Ldlmmd, Seq2Pe, GetMem, PutMem,
Getlnd, PutInd, RdFifo, WiFifo, GetSte, PutSte, GetVal, PutVal)
4) Instruction cache control {e.g. PFetch), and
5) Synchronization (e.g. ChkPnt)
. The sequencer mode register updates (group 2 above) are particularly
relevant to the Data Type Registers, which are for example loaded using SetMde.

One of the benefits of this architectnre is an Expandable Instruction Set.
Only nine of the possible 64 Instruction Groups are defined for the S2
implementation of the DES architecture, leaving 55 available for future expansion.
New Instruction Groups can be added without any conflicts with the existing
instruction set, allowing existing software to ran unchanged on future generations
of the hardware.

Another benefit is VLIW Code Compression. Sequencer instructions are
used to load the Type Registers with type information that affects subsequent PE
instructions, Traditional VLIW architectures must include such information within
cach and every instmction, but the S2 Type Registers act as a cache and take
advantage of the locality of PE instruction types to reduce the frequency with
which this information needs to be updated. The S2 assembler and compiler can
amtomatically analyze program code and minimize the number of instructions
emitted to perform Type Register updates. Each S2 instruction is 32 bits wide, but
to provide a VLIW representation of the same instruction set would require
approximately 96 bits per instruction and thus require considerably more program
storage space.



The sequencer node regi ster updates (group 2 above) are particularly
rel.evant to the Data Type Registers, which are for exanple | oaded using
Set Mle. One of the benefits of this architecture is an Expandabl e
Instruction Set. Only nine of the possible 64 Instruction Goups are
defined for the 52 inplenentation of the DES architecture, |eaving 55

* available for future expansion. New Instruction G oups can be added w t hout

any conflicts with the existing instruction set, allow ng existing software
to run unchanged on future generations of the hardware. Anot her
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hardware needed to control the processing elements. RAMSs in each processing
dlement (221 & 231) store register filles, RAM (211) in Sequencer stores
instructions.




Fi gure 3 shows an exanple of a processing dust= in which the disclosed
I nventi ens can be advant ageously enbodi ed. (As di scussed bel ow, the

. disclosed inventions can be enbodied in many other architectures as well.)

Medi a Processing Array (300) is a plurality of such clusters that can
support various nedi a processing including video, audio, 2D graphics and 3D

* graphics. ARMO (310) is the control processor running operating system

ARM (320) is asynchronous co-processor running the single user-I|evel
process. ARML (320) runs the program and issues instructions to Medi a
Processing Array (300). ARML (320) can also classify data streaminto
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According to various disclosed embodiments, there is provided: A
programmable logic unit, comprising: one or more programmable processing
elements; and a sequencer which is connected to decode instructions in an
instruction stream using indirect reference to multiple interpretation registers, as
specified by a Type ID value within said instructions, and to send commands to
said processing elements accordingly.

According to various disclosed embodiments, there is provided: A method of
executing a series of processing instructions, comprising the actions of: a)
interpreting -each of the instructions with reference to a respective interpretation
register which is specified in a Type ID field of ones of said mstructions; and b)
executing said instructions in accordance with said step (a).

According to various disclosed embodiments, there is provided: A method
ibrexemmhm;asmdesoffxocesﬁnginsuucﬁmmgcnmuniﬁngfheacﬁonsoﬁ
a) interpreting each of the instructions using an indirect reference to a respective
interpretation register which is specified in a Type ID field of ones of said



I nstructions; wherein said Type ID field distinguishes between sequencer
and proeessing-el enent instructions, and al so di stinguishes anong nmultiple
different formats for processing-el enent instructions; and b) executing
said instructions in accordance with said step (a). According to
various di scl osed enbodi nents, there is provided: A conputing architecture

" conprising: processing instructions in an instruction stream each

i ncludi ng both command bits and al so a Type ID which selects anong nmultiple
interpretation registers; sonme of said interpretation registers containing
information for interpreting said commands differently, depending on which
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said interpretation registers, to thereby generate an expanded mstruction which is

sent to one or more processing elements.
According to various disclosed embodiments, there is provided: A
computing architecture in which: processing instructions are mixed with

sequencing instructions in a stream; and at least one sequencer is connected to
receive the processing instructions, and to expand at least some of the processing
instructions by use of an interpretation register to produce executable commands
for one or more processing clements; and said sequencer is also comnected to
receive the sequencing insiructions,. and can change the values in said
interpretation register in response to at least one said sequencing instruction.

According to various disclosed embodiments, there is provided: A
multiprocessing system, comprising multiple interconnected wmits as described
above.

According to various disclosed embodiments, there is provided: An
architecture for microprocessors and the like in which instructions include a type
identifier, which selects one of several interpretation registers. The interpretation

10



registers hold information for interpreting the opcode of each instruction,
so that.a stream of conpressed instructions (wth type identifiers) can be
translated into a stream of expanded instructions. Preferably the type
identifiers also distinguish sequencer instructions from processi ng-el enent
instructions, and can even distinguish anong different types of sequencer
instructions (as well as anong different types of processing-el enent
instructions). Mdifications and Vari ations As will be recogni zed by
those skilled in the art, the innovative concepts described in the present
application can be nDdlfled and varjed over a trenepdous. range of
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singl e-i ﬁ#‘%@ﬁ*‘&ﬂ‘% g‘?r: s“%‘ﬁyﬁ?k PS% Wﬁ@ga@\%ﬂﬁsia?%ﬁoadcast to
t hree (OﬂiﬂBiEﬁ)tyﬁsWMﬁg-ﬁleMnﬁ&uaﬁﬂsﬁe many ot her instances of IvlINM
i npl enentations are possible. It should also be noted that the preferred

enbodi nent descri bed above is both MD and MMD, i.e. it is SINID at the

| owest | evel but M MD at a higher |evel. For anot her exanple, the
di scl osed inventions can of course be applied to other SINMD architectures,
and ot her SI MD-MENMD hybrid architectures, as well. It should al so be

noted that the disclosed inventions are not only applicable to

paral l el -processing architectures, but can be applied to an enornous
variety of m croprocessor-type archltectures (i ncluding e.qg.

general - purpose microprocessors, digital signal processors, m xed-signa
processors, other special -purpose m croprocessors, m croconputers,

m crocontroll ers, m croprocessor cores enbedded within integrated systens,
programmabl e i nt egr at ed- power devi ces, and ot her progranmabl e
integrated-circuit devices generally). However, the disclosed inventions
are particularly advantages in a parallel-processing nmedia chip, as

descri bed above.

11



For another exanple, the format of the Type IDfield in the preferred
enbodi nent is quite arbitrary, and nore or fewer bits can optionally be

used. For anot her exanpl e, other nonenclature can be used for the
"Type ID field" referred to in the preferred enbodi nent. O her functions
can be added into this field (or other bits conbined with it). For

" anot her exanple, larger or multiple Type ID fields can be used to key into

multiple interpretation registers. In such enbodinments two (or nere)
i ndependent Type ID specifiers can be used i ndependently, to specify the
interpretation of two (or nore) segnents of the command fiel d(s). For

anot her emamwmﬂgtaﬂdsvﬁh&ﬁo@ssi ble to provide a sequencer option to
nmodi fy orrtgnore the Type 1D of follsa1 glnstructlons with a few
regi stered biAswilihesregognized b%éh(l#’ 1#‘ W%V%Whm i's

3::‘ Pgl [?W%ﬁ#&%ﬁ%%s can be' varl e sys ema%r ica ohgﬁ t he

i nst r uct irgieSerupplicAi mammeswpewmmmjmmma dotpe | D only

every second (or fourth) instruction, or to spread the Type ID sub-fields
across sdt sﬂﬂUfOfﬁhﬁﬁReé\ﬁchP]%ht@é‘slggS@Wﬁhstructlons However, this is

| ess preferr nghe used by
progr amer s ﬁ r%ﬁmpways ﬁ}ee exarrp %ﬁ‘éf‘?%tsélﬁg?éf”ﬁ?‘?%%r ‘g. sters can
be used tiRe 4b@EdCleREl ww::ﬁidvﬁmeriaeadaé@ alBObé tiplem@ted\aiith atordi f f er ent

data types. For another_ exanple, the reg| sters can be used to _handle inputs
from ( andnssrocton-ievel pawllelso.f egein MIMI architcstimemat A SERIC G%amﬂlPthout any

Can beudliy WP B SRR hh e Bupl ift fdé%@&%t‘?ﬁgﬁ%?@ W8 andi an’
and |itt|grefRgliel) concatenating three 32-bit single-instruction streams to make one 96-

bit stream which is broadcast to three (or more) SIMD machines; but of course

many other instances of MIMD implementations are possible. It should also be

noted that the preferred embodiment described above is both SIMD and MIMD,

i.e. itis SIMD at the lowest level but MIMD at a higher level.

For another example, the disclosed inventions can of course be applied to
other SIMD architectures, and other STMD-MIMD hybrid architectures, as well.

Tt should also be noted that the disclosed inventions are not only. applicable
to parallel-processing architectures, but can be applied to an enormous variety of
microprocessor-type architectures (including e.g. general-purpose microprocessors,
digital signal processors, mixed-signal processors, other special-purpose
microprocessors, microcomputers, microcontrollers, microprocessor — cores
embedded within integrated systems, programmable integrated-power devices, and
other programmable integrated-circuit devices generally). However, the disclosed
inventions are particularly advantages in a parallel-processing media chip, as
described above.

For another example, the format of the Type ID field in the preferred
embodiment is quite arbitrary, and more or fewer bits can optionally be used.
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Addi tional general background, which helps to show variations and
I npl enment ati ons, may be found in the follow ng publications: Jerraya and

. Wolt Multiprocessor Systens-on-Chips (2004); A. Tanenbaum Structured

Computer Organi zation (5.ed. 2005); and Hennessy and Patterson, Conputer
Architecture (3.ed. 2002); all of which are hereby incorporated by

" reference in their entirety. None of the description in the present

application should be read as inplying that any particul ar el enent, step,

or function is an essential element which nust be included in the claim

LAY, Nor cdtED F’é‘e%%ﬁ@ﬁes.w% s, o el o s < SR Dy o i
of 35 U effed b4 in Wk ffefert i cAibadim r@}theffﬁﬁf&ﬁoﬁ@&m%%daai d by a

participle The cl a| d are intended to be as conprehensive as
possi bl etlnsﬁﬁddl‘@&ethbrbmtwmbimdmﬂut)lt entionally relinqui shed, dedi cated,

or abandoned. What is clajned is:
For another exampie larger or multiple Type ID ficlds can be used to key

into multiple interpretation registers. In such embodiments two (or more) indepen-
dent Type ID specifiers can be used independently, to specify the interpretation of
two. (or more) segments of the command field(s).

For another example, it is also possible to provide a sequencer option to
modify or ignore the Type ID of following instructions with a few registered bits.
This can be usefal, for example, when an algorithm is being rerun for a different
data type. |

For another example, the definition of the Type ID fields can be varied
systematically though the instruction sequence. A simple example of this is to
issue the Type ID only every second (or fourth) instruction, or to spread the Type
ID subfields across sequences of two (or four) successive instructions. However,
this is less preferred.

The multiple interpretation registers can be used by programmers in many
ways. For one example, the interpretation registers can be used to change between
different data resolutions as well as different data types. For another example, the
registers can be used to handle inputs from (and/or outputs to) differently-
formatted data sources, without any need for a separate conversion step. For
another example, this capability can be used for easy handling of different data
formats, e.g. big-endian and little-endian.

Additional general background, which helps to show variations and
implementations, may be found in the following publications: Jerraya and Wolf,
Multiprocessor Systems-on-Chips (2004); A. Tanenbaum, Structured Computer
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1. A progranmable logic unit, conprising: one or nore programmabl e
processing el enents; and a sequencer which is connected to decode
instructions in an instruction streamusing indirect reference to nmulti*
interpretation registers, as specified by a Type ID value within said
instructions, and to send commands to said processing el ements accordingly.
1 The unit of Caiml, wherein said instruction streamincludes both
processing instructions and al so sequencing instructions. 3. The unit of
Claim1l1, wherein said instruction streamincludes both processing

i nst r uctOrganization a(5sed. 2095¥nand Jennessyuand Pattersangd Conpubem Anchtitechne d
processing jnsiructiaons .gnd sai d sequenci ng.insgructi,ons .include said Type
| D, and M@D%&aﬁﬁ@p P@W&H’ﬂ%ﬂf@&?‘@g . mceéﬁgﬁe‘?mu onis a

processing instruction or a sequencing instruction! 4. The unit of Caiml,
.wWherein said instruction streamincludes both processing instructions and

al so sequenciNthel dfthé aggdr@ﬁgn iﬁﬂgb_g@'gan, Hestivh shouldbé feadtas(iﬁ@(lfggl i ncl ude
commands for changing the .values in at [east sonme ones: of sai
i nt er pr ethat amypartigilar element, step, or function is an essential element which must be

included in the claim scope: THE SCOPE OF PATENTED SUBJECT MATTER

IS DEFINED ONLY BY THE ALLOWED CLAIMS. Moreover, none of these

claims are intended to invoke paragraph six of 35 USC section 112 umless the exact

words “means for” are followed by a participle.

The claims as filed are intended to be as comprehensive as possible, and NO
subject matter is intentionally relinguished, dedicated, or abandoned.
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5. The unit of Caiml, wherein said commands are expanded by at | east one
sai-d sequencer; and wherein said instruction streamincludes both _
processi ng instructions and al so sequenci ng instructions; and wherein said
sequenci ng i nstructions can include set-up conmands whi ch are executed by
sai d sequencer and not by said processiniz, elenents, including commands

" for changing the values in the interpretation register. 6. The unit of
Claim 1, wherein said commands are expanded by at |east one said sequencer;
and wherein said sequencer broadcasts a single instruction streamto

mul tiple processing elenents in a _S1MD Eonfiguration. 7. The unit of Caim
1. wherein each single one of sai MK ctions specifies only a single

opcode. |£ C|a|n11 wherein each said processing instruction
i ncl udes aﬁ?ﬁ]&;@ &r which selects a respective portion of said

i nterpretation reglsters and wherein said sequencer expands said

respect ilva propfanmible logittunitc tomprilingusi ng sai d respective portion of said
interpretation registers. 9. A nmethod of executing a series of processing

|nstruct|dnw(Hdamﬁﬂhggﬁgﬂnﬂdea@#ﬁﬁﬁsgQkﬂl ;igftler preting each of the
15t o B S LTRSS oo L B "
using indirect reference to multiple interpretation registers, as specified
by a Type ID value within said instructions, and to send commands to
said processing elements accordingly.

2. The unit of Claim 1, wherein 8aid instruction stream includés both processing
instructions and also sequencing instructions.

3. The unit of Claim 1, wherein said instruction stream includes both processing
instructions and also sequencing instructions, and wherein both said
processing instructions and said sequencing instructions include said Type
ID, and wherein said Type ID also indicates whether each instruction is a
Pprocessing instruction or a sequencing instruction!

4. The unit of Claim 1, wherein said instruction stream includes both processing
ingtructions and also sequencing ingtructions, and said seguencing
instructions can-include commands for changing the values in at least some
ones of said interpretation registers.



b) executing said instructions in accordance with said step (a). 10. The
nmet hod of Caim9, wherein said instruction streami ncludes both processing
i nstructions and al so sequencing instructions. 11. The method of Caim9,
wherein said instruction streamincludes both processing instructions and
al so sequencing instructions, and wherein said Type ID al so indicates

whet her each instruction is a processing instruction or a sequenci ng
instruction. 12. The nethod of Claim9, wherein said instruction stream

i ncl ude§. B¢ mipobd€dsiai hgwhastr sd comsnaads awl spasdelibn el kegstionst saidt i ons, and
sai d sequencing instructions can_ include commands, for changing the val ues
in at |east segwacorieandohertin sait enssivetion istgametichides hoth pEoceFHBE et hod of

Claim9, wherein said o&‘r‘mands are expanded by at. | east . one sequencer; and
wher ei n sai d-'ﬂﬂﬁbfit’roﬁ&taﬂgr@ %’tﬁ’?@é{ﬁ‘iql%ﬂlﬁg‘é‘ﬁtlﬁbﬁé WQr‘ﬂ&F%@iﬁ?&PﬁWF&B& ons and
al so sequenci instructions: and wherein sajd. sequencing. i Ast tions can
i ncl ude set -‘I}%ﬂl%%n%& MI?% é?qé”pefggﬁ?aé’(ﬁi%bvﬂgcii g‘ s&%%?é‘g‘bder%ia%'rganot by
sai d processi.pg..el.enent {(el:yding., ] OF gi val.ues in the
"t er pr ot at SaRst dRE ot G S 0G SRATERE L InG AR kB B rands

are expanded:;jBysak tﬁ@@cﬂheﬁﬁ%@ﬁﬂé@?@@l‘ién Rpftaherei n sai d sequencer _
broadcasts a singfe instruction streamto nmultiple processing el enents in a

SI KI D configuration. o .
6. The unit of Claim 1, wherein said commands are expanded by at least one said

sequencer; and wherein said sequencer broadcasts a smgle instruction stream

to multiple processing elements in a SIMD configuration,

7. The unit of Claim 1, wherein each single one of said mstructions specifies only a

single opcode.

8. The unit of Claim 1, wherein each said processing mstruction includes an index
number which selects a respective portion of said interpretation registers,
and wherein said sequencer expands said respective processing instruction

by using said respective portion of said interpretation registers.
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15. The nmethod of Caim9, wherein said conmand bits of each single

processing instruction specify only a single opcode. 16. The net hod of

. Caim9, wherein each said processing instruction includes an index nunber
whi ch selects a respective particular portion of said interpretation

regi ster, and wherein said sequencer expands said respective processing

I nstruction by using said respective particular portion of said

interpretation register. 17. A nmethod for executing a series of processing

i nstructions, conprising the actions of: a) interpreting each of the

I nstructions using an indirect reference to a respective interpretation

regi st ef. uhimtthod of pexeichtingl 4 seriesTof pro@séing| thstrictionss cofmpsiging the

i nstructions; whergein said Type ID field distinguishes between seqguencer

and processﬁﬁﬂﬂﬂﬁﬂékﬂn instructions, and al so di stingui shes anmong mul tiple

di fferent fogh 8" RS ' ging{rﬁ%_ ' r ' oy & dm&ﬁgﬁ?ﬁcu“ ng
sai d instAct ohs |% accor aﬁlég W sal _dlv@ﬁap Ea&. 1&‘.’ he od of daim
17, wherein sahﬁ?emmcwgiwwmhtib@adﬁed inng Type IDofietdrefSodesroft hangi ng
the values in at |east sonme ones of said interpretation registers.
said instructions; and
b) executing said instructions in accordance with said step (a).

10. The method of Claim 9, wherein said instruction stream includes both
 processing instructions and also sequencing instructions.

11. The method of Claim 9, wherein said instruction stream includes both
processing instructions and also sequencing instructions, and wherein said
‘Type ID also indicates whether each instruction is a processing instruction or
a sequencing instruction.

12. The method of Claim 9, wherein said instruction stream includes both
processing instructions and also sequencing instructions, and said
sequencing instructions can include commands for changing the values in at
least some ones of said interpretation registers. '
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19. The method of Caim 17, wherein said commands are expanded by at | east
one sequencer; and wherein said sequencer instructions can include set-up
commands which are executed only by said sequencer. 20. The nethod of Caim
17, wherein said sequencer instructions can include commands for changing
the values in the interpretation register. 21. The nmethod of Caim17,
wherein said conmands are expanded by at | east one sequencer; and wherein
sai d sequencer broadcasts a single instruction streamto nmultiple
processing elenents in a SIMD configuration. 22. The nethod of Caim 17,

wherein each single said proce55|ng I nstruction specifies only a single
opcode. llmwlcglﬂdul Glgim % rhessin said eompands,are sxpandad by at kastranet i ons in

ahi oh sel eot SoanmRErnd PR ot iPEndfbs NI Bk ool prlodid VP 1
1nMnniummzmd1ﬂm)sanmmmnglnmnnxums,mmi“memm1mmdsamwmmng
instructions can include set-up commands which are executed by said
sequencer and not by said processing elements, including commands for
changing the values in the interpretation register.

14. The method of Claim 9, wherein said commands are expanded by at least one
sequencer; and wherein said sequencer broadcasts a single instruction stream
to multiple processing elements in a SIMD configuration.

15. The method of Claim 9, wherein said command bits of each single processing
instruction specify only a single opcode.

16. The method of Claim 9, wherein each said processing instruction includes an
index number which selects a respective particular portion of saud
interpretation register, and wherein said sequencer expands said respective
processing instruction by using said respective particular portion of said
interpretation register.

18



sone of said interpretation registers containing infomtion for

I nterpreting said commands differently, depending on which of said
interpretation regi sters has been sel ected; and sequencing logic which is
connected to expand said conmands, in conbination with information stored
in said interpretation registers, to thereby-generate an expanded

I nstruction which is sent to one or nore processing elenments. 24. The
architecture of Claim23, wherein said instruction stream i ncludes both
sai d processing instructions and al so sequencing instructions which are
executed by said sequencing logic. 25. The architecture of C aim 23,
wherein sgid,instr Qﬁion strean1inc|uges bot.h sai.d processing.ingtructions
and al so qﬁe‘ﬂﬁ'ﬁ‘ﬁé OF SEPAHNE H Setie, QT PERGesIng 4 %%i%&ﬂ'%ﬁgr tions and
sai d sequenci pgqHlRsier uctions include said Type I D, and said Type ID also

i ndi cates whether each instruction is a processing instruction or a
sequenci ng andterpretiog . cagh. ofTtke dnsthictiens unsing fanCindirect Zefendmee eton asai d

i nstruction streaminclyudes both sajd pr.acessing.J nstrugti d al so
sequenci ng instmﬁfnw]_?%ﬁ@ 13 ﬁ?@@’?é‘n gﬂfﬁ%@l‘tﬁe
cormands for Ch% 6 %ﬁ #R3iri@fons! wit@eihNiRd PIRIA TDO field® AishinBhishes? /- The

architecture of , wherein said Iinstruction stream i ncludes both
sai d processi ng betwéen cdeqoancennandh| processingeeleent | mstruations,orandwhalsoh cause

sai d sequencing logic to change t \Y; es in the interpretation register.
f J disu(':]ngmshes amon% mu.{]tleplc %i#erent rt]onnats for pm?:ess&ng—elemmt J

instructions; and
b) executing said instructions in accordance with said step (a).

18. The method of Claim 17, wherein said sequencer instructions can include
commands for changing the values in at least some ones of said
interpretation registers.

19. The method of Claim 17, wherein said commands are expanded by at least one

. sequencer; and wherein said sequencer instructions cam include set-up
commands which are executed only by said sequencer.

20. The method of Claim 17, wherein said sequencer instructions can include
commands for changing the values in the interpretation register.

21. The method of Claim 17, wherein said commands are expanded by at least one
sequencer; and wherein said sequencer broadcasts a single instruction stream
to muliiple processing elements in a SIMD configuration.

22. The method of Claim 17, wherein each single said processing instruction
specifies only a single opcode.
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28. The architecture of C aim 23, wherein said sequencing el ement
broadcasts a single instruction streamto nmultiple processing elenents in a
SHAD configuration. 29. The architecture of Caim 23, wherein each said
processing instruction includes only one op code. 30. A computing
architecture in which: processing instructions are m xed wi th sequenci ng
Instructions in a stream and at | east one sequencer is connected to
receive the processing instructions, and to expand at | east sone of the
processing instructions by use of an interpretation register to produce
execut abl e commands for one or nore processing el ements; and said sequencer
I's al so connected to receive the sequenC|ng I nstructions, and can change

t he val ués. Arcomputing architpetareanwdncl:egi ster in response to at | east one said
sequenci ng ;'n'nSt &i ucms?mchons in an instruction stream, each inclnding both command

buszmd,dsaitTgpclI)vﬂndlsdcms:mnonglmnhqﬂcnnmqnamnun
registers;

some of said interpretation registers containing information for interpreting said
commands differently, depending on which of said interpretation
registers has been selected; and

sequencing logic: which is connected to expand said commands, in combination
with information stored in said terpretation registers, to thercby
generate an expanded instraction which is sent to one or more processing
elements.

24, The architecture of Claim 23, wherein said instruction stream includes both
| #aid processing instructions and also sequencing instructions which are
executed by said sequencing logic.

25. The architecture of Claim 23, wherein said instruction stream includes both
said processing instructions and also sequencing instructions, and both said
processing instructions and said sequencing instructions include said Type
1D, and said Type ID also indicates whether each instruction is a processing
instruction or a sequencing instruction.

26. The architecture of Claim 23, wherein said instraction stream includes both
said processing instructions and also sequencing inmstructions, and the
sequencing instructions can include commands for changing the values in
the interpretation register.
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31. The architecture of Claim30, . wherein said instruction :stream
i ncl udes both said processing instructions and al so sequenci ng
instructions, and both said processing instructions and said sequenci ng
instructions. include said Type ID, and said Type ID al so indi cates whet her
each instruction is a processing. instruction or a sequencing instruction.
32. The architecture of C aim 30, wherein said sequencer broadcasts a
single instruction streamto nultiple processing elenents in a SIM
configuration. 33. The architecture of Caim 30, wherein each said
processing instruction includes only one opcode. 34. A nultiprocessing
system 270rlie aichiledtittd b Ctainn 28] edrrdatsaill insttustion streaingclmleCbotin 1.

said processing instructions and also sequencing instructions which cause

said sequencing logic to change the values in the interpretation regisier.

28. The architecture of Claim 23, wherein said sequencing element broadcasts a
single instruction stréam to mmltiple processing elements in a SIMD
o o

29. The architecture of Claim 23, wherein each said processing instruction includes
only one op code.
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30. A computing architecture in which:

processing instructions are mixed with sequencing instroctions in a stream; and

at least one sequencer is connected to receive the processing instructions, and to
expand at least some of the processing instructions by use of an
interpretation register to produce executable commands for one or more
processing elements; and -

said sequencer is also connected to receive thé sequencing instructions, and can
change the values in said interpretation register in response to at least one
said sequencing instrction.

31. The architecture of Claim 30, wherein said instruction stream includes both
said processing instructions and also sequencing instructions, and both said
processing instructions and said sequencing instructions include said Type
ID, and said Type ID also indicates whether each instruction is a processing
instruction or a sequencing instruction, ‘

32, The architecture of Claim 30, wherein said sequencer broadcasts a single
instruction stream to multiple processing elements in a SIMD configuration.

33. The architecture of Claim 30, wherein_.each said processing instruction includes
only one opcode.

34, A multiprocessing system, comprising multiple interconnected umits according
to Claim 1.
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