
;2345e3e8bZZ[^F_ha6aT8bfTITLE OF THE INVENTION 1  Processor For Executing
Highly Efficient VLIW Br'1CKGROUND OF THE INVENTION (1) Field or the
Invention G00002* The present invention relates to a processor with VLIW
(very Long Instruction word) architecture, and in particular to a processor
that executes instructions with comparatively short word length and high
code efficiency. (2) Description of the Prior Art With the increase in
demand for multimedia devices and the miniaturization of electronic
circuits in recent years, there has been a growing need for microprocessors
that can process multimedia data, such as audio data and image data,
at.high speed. One kind of processors that are capable of meeting this need
are processors that use VLIW architecture, ~L, ' S.. ... : Fa. .rpm.......
..1 i- tlr~r TrJ .~ W ~.W GJG bCiny al~.iGiuC3W .Cr w.yGiiGVi l.V UJ v L1Y
~y VI..GJJV_ J VLIW processors include a number of internal operation units
and so are able to simultaneously execute a number of operations in one
VLIW in parallel. Such VLIW are generated by a compiler that investigates
the extent to which parallel processing is possible at the source program
level and performs scheduling. For embedded micrcprocessors used in
consumer appliances, however, it is important t0 suppress the code size of
programs, so that 255-bit VLIW, with Their   2 high incidence of
no-operation instructions (hereinafter referred to as "NOP instructions")
and resulting poor code efficiency, are far from ideal. One example of a
VLIW processor that executes instructions with relative short word length
is Japanese Laid-Open Patent Application H09-26878. This technique teaches
a data processing apparatus that is a VLIW processor for executing 32-bit
instructions that can simultaneously indicate a maximum of two operations.
Figs. lA and 1B show the instruction format of the 



stated technique, with Fig. lA showing the instruction format for
simultaneously indicating two operations and Fig. 1B showing the
instruction format for indicating only one operation. This technique aims
to improve code efficiency by including a 2-bit value in the format field
410 that shows the number of operations in each instruction and the
execution order. The indication of a maximum of two operation : y a single
32-bit instruction, however, does not achieve a sufficient degree of
parallelism. There is also the problem of decreases in code efficiency of
instructions when performing an operation using a constant that exceeds a
given word length. As one example, when a 32-bit constant is split into an
upper 16 bits and a lower 16 bits so that it can be set into registers, two
32-bit instructions are required just to indicate a_^. operation using this
constant_   -3 SJMMARY OF THE INVENTION The present invention provides a
VLTW (Very Long Instruction Word; processor for decoding and executing an 5
instruction that includes a format field and at least one operation field,
of which the format field includes a format code, the VLIW processor
comprising: a decoder unit for decoding the format code in the 10 format
field and indicating a type of operation in the operation field, and for
decoding the operation field in a manner specified by the type of operation
indicated by the format code; and an execution unit for executing an
operation indicated I~ by the operation field in accordance with a decoding
result produced by the decoder unit. The present invention further provides
a recording medium recording a VLIW instruction which is to be decoded and
executed by a VLIW processor, the VLIW instruction 20 including: r~
fQr'P'1~?t f_i_Pi~ hc'WrlY?r-~' a fnr,m,at rnrlo tl-i~r dC~~i.C~ c.. .. ~ y
t1'~,G of operation,in each of one or more operation fields; and the one or
more operation fields which each has a value to be decoded by the VLIW
processor in accordance with the 25 type defined by the format code. The
present invention further provides a recording medium recording a VLIW
instruction which is to be decoded and executed by a VLIW processor, the
VLIW instruction including: 30 two or more operation fields including a
first operation field and a second operation field, wherein the First
operation field has only one operation code that specifies a type of
operation, and the second operation field has one operation code and one or
mere operands a that ,5 each specify data to be used in in operation   



-3A The present invention further provid decoding/executing method for use
in a Instruction Word) processor for decoding instruction that includes a
format field operation field, of which the format field code, les an
instruction VLIW (Very Long and executing an and at least one includes a
format the instruction decoding/executing method comprising: a decoder step
for decoding the format code in the format field and indicating a type of
operation in the 10 operation field, and for decoding the operation field
in a manner specified by the type of operation indicated by the format
code; and an execution step for executing an operation indicated by the
operation field in accordance with a decoding result 1~ produced by the
decoder step.    In certain embodiments of the invention, since at least
one operation in the instruction can be indicated by merely inserting an
operation code without an explicit indication of an operand, the word
length of instructions can be 5 reduced. As a result, a VLIW processor that
executes instructions of comparatively short word length, but which have a
highly efficient code structure so that several operations can be
simultaneously indicated is achieved. Here, a number of bits occupied by
the operation code 10 in the first operation field may be equal to a number
of bits occupied by the operation code in the second operation field. As a
result, a11 operation codes that are included in an instruction will be
composed of the same number of bits, 15 which simplifies components such as
the decoder circuits. Here, the instruction may include three operation
fields, wherein a third operation field in the three operation fields may
occupy a same number of bits as the second operation field and may include
a combination of one 2U   5 operation code and at least one operand, the
VLIw processor further including: a third decoding unit which decodes, when
an operation code is present in the third operation. field, the operation
code in the third operation field; and a third executing unit for executing
an operation indicated by the operation code in the third operation field
on data which is indicated by the operands in the third operation field, in
accordance with a decoding result of the third decoding unit. As.a result,
a VLIW processor with a high degree of parallelism whereby three operations
can be simultaneously performed can be achieved. Here, the first executing
unit may control a control flow of a program including the instruction. As
a result, branch operations which do not normally require a large number of
bits can be assigned to a short operation field. This means an instruction
set with high cone etticlency can be defined. 



Here, the second executing unit may control transfer of the data that is
indicated by the operands included in the second operation field, and the
third executing unit may control executes an arithmetic logic operation or.
the data that is indicated by the operands included in the third operation
field As a result data transfer to and from a:: external memory can be
indicated by a single operation in an   -6 instruction, so that the operand
access circuit that should be provided in a VLIW processor can be
simplified. With one embodiment of the invention, when it is necessary to
put meaningless code into an operation field in an   7 instruction, a
constant that will be used by a different operation may instead be
inserted, so that a VLIW processor can be realized for executing
instructions which have a high code efficiency despite having only a short
word length. here, the instruction also includes a format field including a
format code indicating whether only a constant is located in the first
operation field and whether only a constant is located in the second
operation field, the VLIW processor further including: a format decoding
unit for decoding the format code; and a constant storage unit for
extracting, when a decoding result of the format decoding unit shows that
only a constant is present in at least one of the first operation field and
the second operation field, the constant in the instruction and storing the
extracted constant. As a result, constants placed in an operation field can
be stored in the constant storage unit for use by an operation in a later
instruction, so that decreases In code efficiency can be avoided even when
handling constants of a comparatively long word length using instructions
of a comparatively short word length. Here, the format field, the first
operation field, the operation. code in the second operation. field, each
operand in the second operation field, the operation code in the third
operation field, and each operand i.^. t'_^.e tried operation. field may
each occupy n bits in the instruction   8 With the stated construction, a11
of the fields that compose an instruction have the same nu.-number of bits,
which enable the internal circuits of the VLIW processor to be simplified. 



Here, a VLIW processor may include: a fetch unit for fetching an L-bit
instruction that includes n operation fields; and n operation units which
are each associated with a different one of the n operation fields in the
fetched instruction and each independently execute an operation indicated
in the associated operation field in parallel with each other; the VLIW
processor being characterized by the n operation fields not all being a
same size, and by L not being an integer multiple of n. With the stated
construction, there is no need for all of the operation fields in an
instruction to have the same word length, making it possible to define
instructions with high code efficiency. As a result, a VLIW processor that
executes instructions of comparatively short word length, but which have a
highly efficient code structure so that several operations can be
simultaneously indicated is achieved. Here, n may be 3 and L may be 32. The
stated construction realizes a VLIW processor with a high degree of
parallelism whereby three operations that are specified by a single 32-bit
instruction can be simultaneously performed.   9 Here, a number of operands
included i^ at least one operation field cut of the n operation fields may
be different to a number of operands in other operation fields in the n
operation fields. With the stated construction, there is no need for every
operation field in an instruction to have the same number of operands, so
that instruction formats with a high degree of code efficiency can be
defined. Here, the n operation fields may include at least one operation
field composed of only an operation code and at least one operation field
composed of an operation code and at least one operand. With the stated
construction,'the instruction word length is shorter than the case when
every operation field in an instruction contains a combination of an
operation code and operands, so that a VLIW processor that executes
instructions which have a highly efficient code construction pan be
realized. 



In certain embodiments, the present invention realizes a VLIW processor
that executes instructions of comparatively short word length but which
have a highly efficient code structure that allows several operations to be
specified by a single instruction. This effect is especially noticeable for
embedded processors that process multimedia data.    'I ~ BRIEF DESCRIPTION
OF THE DRAWINGS These and other advantages and features of the ~n-invention
will become apparent from the following description thereof taken in
conjunction with the accompanying drawings which illustrate specific
embodiments of the invention. In the drawings: Fig. 1A and 1B show
instruction formats used under the prior art, with Fig. lA showing an
instruction format where two operations are simultaneously indicated and
Fig. 1B showing an instruction format where one only operation is
indicated; Fig. 2A shows the field structure of an instruction that is
executed by the processor of an embodiment of the present invention; Figs.
2B to 2D show sixteen types of instruction format, with Fig. 2B showing
triple operation instructions, Fig. 2C showing twin operation instructions,
aid Fig. 2D showing single operation instructions; Fig. 3 is a table
showing specific operatino that are indicated by the three types of
operation code, "cc", "opl", and "OZ'J~", that are uS2d In ~lgS. ~B t0 GDi 



Fig. 4 is a block diagram showing the hardware construction of the present
processor; Fig. 5 is a block diagram showing the detailed construction of
the constant register 36 of the present processor and the peripheral
circuits; Figs 6A to 6D are representation of different_   11 methods for
storing a constant by the constant register control unit 32 shown in Fig.
5, with Fig. 6A showing the case when the format code is "0" or "i", Fig.
63 showing the case when the format code is "4", Fig. 6C showing the case
when the format code is "5", and Fig. 6D showing the case when the format
code is "2", "3", or "A"; Fig. 7 is a block diagram showing the detailed
construction of the PC unit 33 of the present processor; Fig. 8 is a
flowchart showing a procedure that handles a 32-bit constant; Fig. 9 shows
an example of a program that has the present processor execute the
procedure shown in Fig. 8; 'Fig. 10 is a timing chart showing the operation
of the present processor when executing the program shown in Fig. 9; Fig.
11 is an example of a program that has the present processor execute a
procedure that handles a 16-bit constant Fig. 12A shows the field
definition of instructions 



that are executed by a standard processor; Fig. 12B shows the instruction
format of the instructions shown in Fig. 12A; Fig. 13 shows an example of a
program that has a standard processor perform the sage procedure as the
program shown i.^. Fig. 9; Fig. 14 shows an example of a program that has a
12 standard processor execute the same procedure as the program shown in
Fig. li; Figs. 15A to 15D show modifications to the structure o the
instructicns executed by the VLInT processor of the present invention; and
Fig. 16 shows a modification to the hardware construction of the present
processor to enable the execution of the instruction shown in Fig. 15A.
DESCRIPTION OF TiiE PREFERRED EMBODIMENT An embodiment of the processor of
the present invention is described below with reference to the figures. In
this embodiment, the expression "instruction" refers to a set of code that
is decoded and executed by the present processor simultaneously and in
parallel, with the expression "operation" refers to a unit of processing,
such aS aP r3T'7.thmeti_r' nry?ra~'inn a lnni!- n.-~arut;.~" -, ~.- -.
~'___ _. _ 7.~,.. t, ..~..--, a ...iuiijici, or a branch, which is executed
by the present processor in parallel, as well as to the code which
indicates each unit of processing. 



Instruction. For~:at First, the structure of the instructions that are
decoded and executed by the present processor will be described. The
~~esent processor is a VLI~yd :rccesscr tha=   13 decodes and executes
instructions with a fixed word length of 32 bits. Fig. 2A shows the field
structure of an instruction 50 to be executed by the present processor.
Figs. 2B to 2D, mean:ahile, show sixteen instruction formats. Of these, the
instruction formats in Fig. 2B simultaneously indicate three operations,
the instruction formats in Fig. 2C two operations, and the instruction
formats in Fig. 2D a single operation. This instruction 50 has a fixed word
length of 32 bits and is composed of eight 4-bit physical fields shown in
order starting from the MSB (Most Significant Bit) as P0.0 field 51, P1.0
field 52, ... P3.2 field 58 in Fig. 2A. Of these, the range from the P2.0
field 53 to the P2.2 field 55 is called the first operation field 59, while
the range from the P3.0 field 56 to the P3.2 field 58 i.s called the second
operation field 60. yn ~' .-` 7B ~~ '711 'r,c l a v r1 ~~ n ~c F-m ; ~~; ys
. .., t.... ~ g..n,. c" ., ,. ~ _ca ~.es a constant, and depending on the
operation in which it is used, this can be a numeric constant or a
character constant such as an immediate, an absolute address, or a
displacement. The legend "op" represents an operation code that indicates
an operation type, while the legend "Rs" indicates the register used as the
source operand, "Rd" the register used as the destination operand, and "cc"
an Operation code indicating a branch operation that uses t:^.e   14 stored
value of a specialized 32-bit register provided ~n the present processor
(the constant register 30' shown in Fig. 4) as the absolute address or
relative address (displacement) of a branch destination. The numerical
values given directly after the codes described above show values that are
used in the operation in either the first operation field 59 or the second
operation field 60. As one example, for the instruction format with the
format code "6", the 4-bit constant "constl" located in the P1.0 field 52
and the 4-bit constant "constl" located in the P2.1 field 54 are combined
to form an 8-bit constant that is the source operand corresponding to the
operation code "opl" of the first operation field 59. The constant "const"
which is not appended with a number represents a constant to be stored in
the specialized 32rbit register provided in the present processor (the
constant register 36 shown in Fig. 4). As one example, for the lnstructzon
rormat with zhe format code "u", Lh2 4-blC constant "const" located in the
P1.0 field 52 implies the constant that is to be stored in the constant
register 30 which is implicitly indicated. Fig. 3 shows specific examples
of the operations that can be indica`ed by the three kinds of operation
code "c~", 'opl", and "002" given in Figs. 2B to 2D. These operations are
described in de~ail Le~o:a. 



The 4-bit operation code "cc" indicates ~~P o~i'-_ of_   15 sixteen types
of branch instruction. Each branch instruction is specified as a branch
condition and a branch format. Examples of branch conditions include "equal
to ('eq')", "not equal to ('neq`)", and "greater than ('gt')". The brand.
format can be a format where the stored value of the constant register 36
serves as the absolute address of the branch destination (deno~ed by having
no "i" attached to the instruction mnemonic), or a format where the stored
value of the constant register 36 serves as a relative address (denoted by
having "i" attached to the instruction mnemonic). As one example, the
operation code "eq" represents an operation that branches to a destination
indicated through absolute addressing when a preceding comparison finds the
compared values to be equal, while the operation code "eqi" represents an
operation that branches to a destination indicated through relative
addressing when a preceding comparison finds the compared values to be
equal. The 4-bit operand "opl" can be used to indicate an arithmetic logic
operation, such as any of an "add" (addition), a "sub" (subtraction), a
"mul" (multiplication), an 'and" (logical AND), or an "or" (logical OR), or
an operation that is an inter-register transfer, suc:-i as any of a "mov"
(transfer of word (32-bit) data), a "movh (transfer of halfword data, or a
"mono" (tra^~sfr of one b..;te data) . The 4-bit opera.^.d "0~2" can be
used to indicate anv o~   ~6 the arit:.metic log=c operations or
inter-register transfers that caa be indicated by the operand "opl", but
can also bs used to indicate a register-memory transfer operation such as
an "ld" (load of one word data from memory into registers) or an "st"
(store of one word data into memory from registers). The characteristic
features of the fields 51, 52, 59, and 60 shown in Fig. 2A are described
below. The P0.0 field 51 holds a 4-bit format code that specifies the
format of the instruction 50. More specifically, this P0.0 field 51
specifies one of the sixteen instruction formats shown.in Figs. 2B to 2D.
The P1.0 field 52 is a field holds a constant or an operation code for a
branch operation. When a constant is located in the P1.0 field 52 (such as
in the instructions with the format codes "0", "1", and "4" to "9") there
are cases where the constant is to be stored in the constant tC~JlSter .70
~3LiC:~'1 a5 In tiLC iusi.iii~: ivfis with w^ F^._ L t tLiC LvtirLCl~.
codes "0", "1", "4", and "5"), and cases where the constant forms one part
of the operand in the first operation field 59 or the second operation
field 60 (such as in the instructions with the format codes "5", "7", "8",
"9", and "B"). When the constant in the P1.0 field 52 is to be stored in
the constant register 36, there are cases where only this 4-bit constant is
stored (such as i:^ t:~!e instructions with t'~e format codes "0" azd "1"),
and cases   17 where this cons~ant is stored together with a 12-bit
constant located in either the first operation field 59 or_ the second
operation field o0 (such as in the instructions with the format codes "4"
and "5"). 



. When the operation code "cc" for branching is given in the P1.0 field 52
(such as in the instructions with the format codes "2", "3", and "A"), this
indicates a branch operation that uses the stored value of the constant
register 36 as the absolute address or relative address (displacement) of a
branch destination. The first operation field 59 holds either a constant or
a combination of (a) an operation code for indicating an operation,(~such
as an arithmetic logic operation or interregister transfer) that does not
involve data transfer between the present processor and the periphery
(memory), and (b) source and destination operands for the operation. The
second operation field 60 can hold the same i- .~ f. +- 1-, t ~ a- : ... ..
~ : ~ ,-1 C ~ .J .. .. . L. .. ..1 1. ...... _ L . , i ~.l7iW.Gli~ aJ
LWC.~' .~.llJl, o~..ciawvm 11EW w v uGa~.ry.uC~.1 ClanVVG, 1a111_ can also
alternatively hold a combination o~f (a) ar. operation code for indicating
an operation (such as memoryregister transfer) that involves data transfer
between the present processor and the periphery and (b) operands for the
operation. The above assignment of different operation types to certain
fields rests on the premises for tre present von Dleumann-type processor
whereby it is n.ot necessary to   18 process two or more branch operations
simultaneously, and that only one input/output port (the operand access
unit 4D shown in Fig. 4) for transferring operands is provided between the
present processor and the periphery (memory). The instruction formats shown
in Figs. 2B to 2D have the following characteristic features. First, by
focusing on the constant "const", it can be seen that there are the
following three types of instruction for storing a constant in the constant
register 36. (1) When the format code is "0" or "1": In these instructions,
the 4-bit constant located in the P1.0 field 52 is stored in the constant
register 36. (2) When the format code is."4": In this instruction, a 16-bit
constant located in the P1.0 field 52 to P2.2 field 55 is stored in the
constant register 36. (3) When the format code is "5": iC1 tills
lClS~rIICLIGW, d 1o-ui~ c..Vil~~dlii. lv~a~.CC1 LI1 t:lC P1.0 field 52 and
the P3.0 field 56 to P3.2 field 58 is stored in the constant register 36.
Secondly, for the present prccessor, a maximum of three operations can be
indicatJd by a single instruction, and ir_ this case, as can be seen from
t:~e triple operation formats shown. in Fig. 2H, either of the fol 1
~~Nri.^.g cornbinat~ons of ooe=ation tvaes can be use..   



19 (1) One operation that sets a 4-bit constant in~o the constant register
36 and two standard operations (wher. the format code is "0" or "1") . (2)
One operaticn that performs branching using the value set in the constant
register 36 as an absolute address cr a relative address and two standard
operations (when the format code "2" or "3"). As described above, the
instructions of present processor have a highly efficient field structure
that enables a maximum of three operations to be simultaneously indicated
by a single 32-bit instruction. Hardware Construction of the Processor The
hardware construction of the present processor is described below. Fig. 4
is a block diagram showing the hardware construction of the processor of
the present invention. As described above, this processor is a VLIW
processor that can execute a maximum of three operations in parallel. The
construction of the processor can be roughly divided into an instruction
register 10, a decoder unit 20, and an execution unit 30. The instruction
register 10 is a 32-bit registar that stores one instruction that has been
sent from, the 1.^.S~ru~^.~1CT: ftCi: ~..._~'. 3q.   20 



The decoder unit 20 decodes the instruction held in the instruction
register 10 and performs output or. control lines to the execution unit 30
in accordance with the decoding result. This decoder unit 20 can itself be
roughly divided into the format decoder 21 and the instruction decoder 22.
The instruction decoder 22 is composed of a branch decoder 23 that decodes
the "cc" operation code held in the P1.0 field 12 and controls the PC unit
33 accordingly, a first operation decoder 24 that decodes the operation
code held in the P2.0 field 13 and controls the first operation unit 37
accordingly, and a second operation decoder 25 that decode$~the operation.
code held in the P3.0 field 16 and controls the second operation unit 38
and operand access unit 40 accordingly. The format decoder 21 decodes the
4-bit format code held in the P0.0 field 11 to identify the instruction
format Vi. L.iiC .il.Ju.r~.~.v.1,..1.v11 mGlwa 11W .laG iiLJ1.11rv.l~iW
Le~1:71~C1 1V dJ one of the sixteen possible instruction formats shown in
Figs. 2B to 2D. In accordance with the decoding result, the format decoder
21 permits or prohibits decoding operations by the branch decoder 23, the
first operation decoder 24, and the second operation. decoder 25, and
activates the register control unit 32 of the execution unit 3~. The format
decoder 21, the branch decoder 23: the first operation decoder 24, and t:~e
second coerat=on decoder   21 25 fundamentally decode one operation in one
cycle and send control signals to the execution unit 30. Here, the 2o'-brt
constant signal line 26 that ccnnects the instruction register 10 with the
execution unit 30 is a bus for transferring constants and operands located
in the instruction register 10 to the execution unit 30. The execution unit
30 operates according to the decoding result of the decoder unit 20 and is
a circuit that is capable of executing a maximum of three operations in
parallel. This execution unit 30 is composed of an execution control unit
31, a PC unit 33, a register set 34, a first operation unit 37, a second
operation unit 38, an instruction fetch unit 39, and an operand access unit
40. Out of the ccmponents in the execution unit 30, the constructions of
the register control unit 32, the PC unit 33, and the constant register 36
are shown in greater detail in the other drawings. T h2 e:ieCiltlvii
CGiii.i_ul uiti~ ~i ICiC~~ lIi C~~n~t'dl t0 Ctle control circuits and
wiring for controlling the components numbered 33 to 40 in the execution
unit 30 according to the decoding result of the decoder unit 20. This
execution control unit 31 includes the components that are normally
provided in a processor, such as circuits for timing control, operation
permission/prohi5ition contro'_, status management, and interruption
control, as well as the constant register control u,,^.t 32 which is a
chara~~eri.stir.   22 component of the present processor. The constant
register control unit 32 performs control so that a 4- or 16-bit _ constant
"const" held in the instruction register 10 is stored in the constant
register 36 based on indications given by the format decoder 21. The PC
(Program Counter) unit 33 operates under the control of the branch decoder
23, and outputs the address in an external memory (not illustrated) of the
next instruction to be decoded and executed to the instruction fetch unit
39. The instruction fetch unit 39 fetches an instruction block from the
external memory (not illustrated) via a 32bit IA (Instruction Address) bus
and a 32-bit ID (Instruction Data) bus. The instruction fetch unit 39
stores the fetched instruction block in an internal instruction cache and
supplies the instruction which corresponds to the address outputted by the
PC unit 33 to tl2e instruction register 10. 



mhy ,^n~^ a-r,r nyt 7~ ' .. ..7 t F' Fy ^fn i i ~. '~ - J ~ C i .~ L. .J Z
i J ~ v i ~ ~ ~ V J G I.A V L 1 1 1 L C C 1 1 J G - 1.) 1 L general
registers 35~and one 32-bit constant register 36. In accordance with the
decoding results of the first operation decoder 24 and the second operation
decoder 25, the values which are stored in these sixteen registers 35 and
3o are transferred to the first operation unt 37 and the second operation
unit 38 where an operation is performed or alternatively the values are
allok~e~d to pass, before being sent to the register set 34 or the operar_d
acc`ss unit   23 40. Here, in addition to being used in the operations
performed by the first operation :nit 37 and the second operation. unit 38,
the value stored in the constant register 3o can also be transferred to tre
PC unit 33, where it is used to generate an effective address that is used
as a branch destination. The first operation unit 37 internally includes an
ALU (Arithmetic Logic Unit) for performing arithmetic logic operations on
two 32-bit sets of data and a multiplier for performing multiplications on
two 32-bit sets of data. This first operation unit 37 is capable of
executing two types of operation (namely, arithmetic logic operations, and
interregister transfer operations) under the control of the first operation
decoder 24. The second operation unit 38 internally includes an ALU for
performing arithmetic logic operations on two 32-bit sets of data and a
multiplier for performing multiplications on two 32-bit sets of data, in
tim same wdy as the first operation unit 37. This second operation unit 38
is capable of executing two types of operation (namely, arithmetic logic
operations, and inter-register transfer operations) under the control of
the second operation decoder 25. The operand access unit 40 operates under
the control of the second operation. decoder 25 and ~s a circuit that
transfers operands between the register set 34 and the e:.cternal memory
(not illustrated). The operand access unit   24 4C internally includes a
buffer for storing operands and operand addresses. As a specific example,
when the operaticn code "ld" is in the P3.1 field 16 of the instruction
register 10, one word of data that is located in the external memory is
loaded via the operand access unit 40 into one of the registers in the
register set 34. When the operation code "st" is present, meanwhile, the
stored value of one of the registers in the register set 34 is stored in
the external memory. The PC unit 33, the register set 34, the. first
operation. unit 37, the second operation unit 38, and the operand access
unit 40 are connected~by internal buses (the L1 bus, the R1 bus, the L2
bus, the R2 bus, the D1 bus, and the D2 bus) as shown in Fig. 4. Here, the
L1 bus and the R1 bus are each connected a respective one of the two input
ports of the first operation unit 37, the L2 bus and the R2 bus are each
connected to a respective one of the two input parts or the secona
operation unit 38, and the Di bus ar_d the D2 bus are respectively
connected to an output port of the first operation unit 37 and the second
operation unit 38. Detailed Construction of the Constant Reoister 36 ~'1d
itS Per? T;7her V 



The foil c~.~ing is a detailed descript'_o^ of t::e constr~:ction of the
cons`an~t register 36 and ef the   25 peripheral circuits. Fig. 5 is a
block diagram showing the detailed construction of the constant register
30' and of the peripheral circuits. Note here that tze fixed value ("0") 27
in the drawings refers to fixed wiring for four signal lines carrying the
constant "0". The constant register control unit 32 is composed of five
3-input selectors 32a-32e and three 4-input selectors 32f-32h, while the
constant register 36 is composed of eight 4-bit registers 36a-36h. Mere,
each set of input and output data is 4-bit parallel data. In accordance
with control signals from the format decoder 21 and the instruction decoder
22, the constant register control unit 32 controls the eight input
selectors 32a-32h so that a constant stored in the instruction register 10
or zeros are stored in the constant register 36 according to one of the
four storage methods given below. ~r +- G~ a4.r,~ +.hv Fvur r-yV~yl~`l o
~i-~r~ o ~l.n.i FiyJ i. G.v v aa.v w ~ - r- ~.. u. ~ g... .'~.~.W ..:vu:~
in the present embodiment. Fig. 6A shows a storage method for when the
format decoder 21 detects that the value stored in the P0.0 field 11 is '0"
or "1". This equates to the case when only a Obit constant located in the
P1.0 field 12 is stored in the constant register 3c. More specifically, the
data than is stored in the constant register 36 is shifted upwards (~o tze
left in Fig. 6A) in 4-bit units and the =~-bit cons=ant   26 stored in the
P1.0 field 12 of the instruction register 10 is stored in the lowest-crder
4-bit register 36h of the constant register 36. Fig. 6B shows a storage
method for when the format decoder 21 detects that the value stored in the
P0.0 field 11 is "4". This equates to the case when a 16-bit constant
located between the P1.0 field 12 and the P2.2 field 15 is stored in the
constant register 36. More specifically, the data that is stored in the
lower 16 bits 36e-36h of the constant register 36 is shifted to the upper
16 bits 36a-36d and the 16-bit constant located between the P1.0 field 12
and the P2.2 field 15 of the instruction register 10 is stored in the
lowest-order 16-bits 36e-36h of the constant register 36. Fig. 6C shows a
storage method for when the format decoder 21 detects that the value stored
in the P0.0 field 1.1 is "5". This equates to the case when a 16-bit
constant located in the P1.0 field 12 and between the P.i.O W eld 16 and
the P3.2 field 18 is stored in the constant register 36. More specifically,
the data that is stored in the lower 16 bits 36e-36h of the constant
register 36 is shifted to the upper 16 bits 36a-36d and the 16-bit constant
located ir. the P1.0 field 12 and between the P3.0 field 16 and the F3.2
field 18 of the instruction regis~_er 10 is stored in the lowest-order
16-bits 36r-36h of the constant ;e;~ister L'i.. ~ c~,r, 4 ct~n,r n~ rno l;
n~ fnr ~ i~o ~h~ fnim t _L ,....:~5 _ _.3~.. _t. _ a_._P _. _ 



27 decoder 21 detects that the value stored in the P0.0 field il is "2",
"3", or "A", or when. the instruction decoder 22 detects that the constant
register (R15) is indicated by at least one of the P2.1 field 14, the P2.2
field 15, the P3.2 field 17, and the P3.3 field 18. This equates to the
case where the value stored in the constant register 36 is reset to a11
zeros (which is to say, the constant register 36 is cleared), after the
stored value of the constant register 36 has been used by at least one of a
branch operation located in the P1.0 field 12, an operation in the first
operation field 59 or an operation in the second operation field 60. More
specifically, immediately after the stored value of the constant register
36 has been read out to one of the PC unit 33, the first operation unit 37
or the second operation unit 38, a 32-bit constant with the value "0" is
written into the constant register 36. .' Here, the value in the constant
register 36 is cleared C1.21 LCllltj UJCV.I <_U C:lJi.ilC t hai. a valtiC
W1t11 Q GC1_V extension is always stored in the constant register 36. A
zero extension here refers to the insertion of zeros that is performed
whey. the effective number of bits of a value is below a predetermined
number of bits, with zeros being inserted into the higher bit positions so
that the value takes up the predetermined number of bids. As described
above, when the value in the P0.0 field il of tree instruction register 1J
1S "0', '1", '~v', pr 'v~v,   28 the constant that is alread,r stored in
the constant register 3o is shifted azd a new value is stored. Also, after
the value stored in the constant register 36 is read out and used, this
stored value is deleted. By doing so, the constant register 36 is able to
successively accumulate constants until the ne:~t time its stored content
is used. Detailed Construction of the PC Unit 33 The following is a
detailed description of the construction of the PC unit 33. Fig. 7 is a
block diagram showing the construction of the FC unit 33 in detail. As
shown in Fig. 7, the PC unit 33 is composed of a~fixed value ("4") 33a,
that is wiring which permanently carries the constant "4", a 2-input
selector 33b, an adder 33c, a PC (Program Counter) 33d for storing an
address of the next instructicn to be decoded and executed, and a 4-input
selector 33e. In the Yc: unit 33, the selectors 3:ib and 33e operate in
accordance with control signals from the decoder unit 20, so that the
selector 33e cutputs one of the following three types of values to the
instruction fetch unit 39 as the effective address. i. A ~;a'ue where "4"
~s added to the content of the PC 3?d Th'_s corresponds to w'~e:~ no
bra::ch is taker_ a~?d a next instructio-~ 1S to he alecuted .n ord?=,
whsc:~ i S tc say,  



29 when the decoding result for a present instruction is that no branch
oceration is indwcated. The reason. "4" is added is that the length cf one
instruction is four bytes, which is to say, 32 bits. 2 P vas uo wherA the
con'-ent of the constant re_gis ten 36 is added to the content of the PC
33d This corresponds to when the content of the constant register 36 is
used as a relative address for branching, such as.when the decoding result
of the branch decoder 23 is that the P1.0 field 12 indicates a branch to a
relative address. 3. A va le given as the content of the constant recrister
35 This corresponds to when the content of the constant register 35 is used
as an absolute address for branching, such as when the decoding result of
the.branch decoder 23 is that the P1.0 field 12 indicates a branch to an
absolute address. As described above, the PC unit 33 includes a specialized
adder 33c, and is constructed to directly use the value stored by the
constant register 3~, so that branch execution control can be performed
with the stored value o~ the constant reg~.ster 3'o as a relative address
or an 3~~^.SO~ ute d.~G~':'eSS 1T1 Dar31 1 ~ Trl;th and 1^'~~ ~anraa-:~- y~
;~   30 operations performed by tr.e first operation unit 37 and the second
operation unit 38. 



operation of the Processor Tre following is a description of the operation
of the present processor when decoding and executing specific operations.
Fig. 8 is a flowchart showing an example of a procedure that handles 32-bit
constants. First, the difference between the stored values of the registers
RO and R1 is found (step S80), and the result is multiplied by the stored
value of R2 (step S81). The 32-bit constant "0x87654321" (the value
"87654321" in hexadecimal) is then added to the result of this (steps S82,
S83), and finally the register RO is cleared (step S84). Fig. 9 shows an
example of a program that has the present processor perform the procedure
shown in Fig. 8. Til~ prOgr~tii~ 1S CuIiyOSed Oi t h2 ti~i'ce iiW ruCtivi:5
7i-73. It1 Fig. 9, one line corresponds to one instruction, and the content
of each instruction is shown by mnemonics located in the separate fields of
each instruction. In Fig. 9, the value of each constant is expressed in
hexadecimal. Also, the legend fmtn (n=0-F)" shows the format code "n",
while the legend "Rn (n=0-15)" shows the value stored in o:~e of the
rag-stars in the r2gisteY set 34. Of these, "Ri5" refers to t:~e co:~stan~
register 36.   31 Fig. 10 is a timing chart showing the operation of the
present processor when executing the program shown in Fig.9. This Fig. 10
shows the clock cycles, the content of the general registers RO-R3 and the
register R15, and the data that flows on the four buses L1, R1, L2, and R2.
The following is an explanation of the operation of the present processcr
for each of the instructions 71 to 73, with reference to Figs. 9 and 10.
Instruction 71 After the instruction 71 has been loaded into the
instruction register 10, the present processor performs the operations
shown in the clock cycles t0-tl in Fig. 10. The format decoder 21 judges
from the value "fmt4" of the PC.O field 11 in the instruction register 10
that the present instruction is a twin operation instruct,i'on with the
format code "4", and so controls the execution.unit 30 so that the two
operations described below are executed in parallel. 1. First Operation The
consta:~t register control unit 32 controls its eight internal selectors
32a-32h so that (Ox87o'S) located between t!e F1.0 field 15 is stored in
the lower 16 bits of the 3o according to the storage method shown
~.-,n,lr.Nl; n.71 m +ho yn.tcn+ of ~!,n rani ctcr .. _. _ _ . .' ~ I y ,_.
. ~. _ . _ _ ~ ._ . , > _ _ 



the 16-bit constant '_? to the P2.2 field constant register i:~ t ig . 6B .
R1 5 ^ha-~rac fr~-,:-~ _ . _   32 "0x00000000" to "0x00008765" as shown. in
the clock cycles t0-tl in cFig. 10. _ 2. Second Operation The second
operation unit 38 receives an input o the stored value "0x33333333" of the
general register RO and the stored value "0x22222222" of the general
register R1, and after subtracting the latter from the former, stores the
result in the general register R0. As a result, the stored content of the
general register RO changes from the value "0x33333333" to the value
"0x11111111" in the clock cycles t0-tl shown ir: Fig. 10. Instruction '72
Next, after the instruction 72 has been loaded into th~instruction register
I0, the present processor operates as shown in clock cycles tl-t2 in Fig.
10. The format .-1 ,-, .. r, r.7 ... n , ' ..7 .-. ~ c -.. .. t-, i n F..,
a- n r r F ~. t-, n n n u..~.....~..c.~ ~.y j W .~...3 iivi:. i..ac ~a.~uc
L,.:u.s vi w:c r v . v L.LCi(..i 11 in the instruction register 10 that the
present instruction is a twin operation instruction with the format code
"4", and so controls the execution unit 30 so that the two operations
described below are executed in parallel. I. First Operation The constant
register control uZit 32 con*~rols its eight internal selectors 32a-32h so
that the 16-bit constan`_   33 



(0x4321) located between the Pi.O field 12 to the P2.2 field 15 is stored
in the lower 16 bits ef the constant register. 36 according to the storage
method shown in Fig. 6B. Accordingly, the content of the register R15
changes from "Gx00008765" to "0x87654321" as shown in the clock cycles
tl-t2 in Fig. 10. 2. Second Operation The second operation unit 38 receives
an input of the stored value "0x00000004" of the general register R2 and
the stored value "Ox1111111I" of the general register R0, and multiplies
the two together before .stcring the result in the general register R0. As
a result, the stored content of the general register RO changes from the
value "0x11111111" to the value "0x44444444" in the clock cycles tl-t2
shown in Fig. 10. T ., , +- .... -, t- : "7 '7 i.m W u. wOU i ~ Next, after
the instruction 73 has been loaded into the instruction register 10, the
present processor operates as shown in clock cycles t2-t3 in Fig. 10. The
format decoder 21 judges from the value "fmt7" of the P0.0 field 11 in the
instruction register 10 that the present instruction is a twin operation
instruction with the format code "7", and so controls the execution unit 3u
so that the two ooeraticns described below are execu~ed in oarailel.   34
1. First C~peratior. The first operation unit 37 receives an input of the_
stored value "Gx87654321" of the general register R15 and the stored value
"0x44444444" of the general register R0, and adds the two together before
storing the result in the general register R0. As a result, the stored
content of the general register RO changes from the value "0x44444444" to
the value "OxCBA98765" in the clock cycles t2-t3 shown in Fig. 10. 2.
Second Operation The second operation unit 3B receives an input ef the
8-bit constant ("0x00") that is located in the P1.0 field 12 and the P3.1
field 17 a..^.d allows this constant to pass so that it is stored in the
general register R3. As a result, the content of the general register R3
changes from the previously held value "OxFEDCBA98" to "0x00000000", as
shown .. , .. 1J1 1.11C C.I,VCl1 l.yl~lGJ t. c.' i.J 111 i 1~ . iv . As
described above for the present processor, the 32 bit constant "0x87654321"
is split into two parts that are arranged into the two instructions 71 and
72, with these parts being successively stored in the constant register 36
by shifting its stored value. This stored constant is then used according
to the t;~ird instruction, instruction 73. By doing so, the procedure shown
in tre flowchart of _'_g. 8 can be executed by the three instructions
71-~3.   35 



The following is ar. explanation of the operation of the present processor
using a different program that deals_ with 16-bit constants. Fig. 11 shows
an example of a program that handles a 16 bit constant. This program is
composed of the five instructions 74 to 78. The operation of the present
processor for the each of the instructions 74 to 78 is as described below.
Instruction 74 When the instruction 74 has been loaded into the instruction
register 10, the format decoder 21 judges from the value "fmt0" of the P0.0
field 11 in the instruction register 10 that the present instruction is a
triple operation instruction with the format code "0", and so controls the
execution unit 30 so that t~~e three operations described below are
executed in parallel. 1. First Operation The constant register control unit
32 controls its eight internal selectors 32a-32h so that the 4-bit constant
("0x8") located in the P1.0 Meld 12 is stored in the lowest 4 bits of the
constant register 36 according to the storage method shown in Fig. 6A. 2
Second Operation   36 The first operation unit 37 receives an input of the
stored value of the general register Ro', a:.d allows this value to pass so
that it is stored in the general register R1. 3. Third Operation In the
same way, the second operation unit 3B receives 



an input of the stored value of the general register R7, and allows this
value to pass so that it is stored in the general register R2. Instruction
75 When the instruction 75 has been loaded into the instruction register
10, the format decoder 21 judges from the value "fmt0" of the P0.0 field 11
in the instruction register 10 that the present instruction is a triple
operation instruction with the format code "0", and so controls Lhe
execution unit 3u so ~iua~ W a i.hree operations described below are
executed in parallel. 1. First Operation The constant register control unit
32 controls its eight internal selectors 32a-32h so that the 4-bit corstant
("'0x7") located in the P1.0 field 12 is scored in the lowest bits ef t~:e
co.^.s rant regis ter 35 acco=ding to the storage method show- ~n rFig. 6A.
After this operation, the constant   '? 7 "0x87" is set in the lowest 8
bits of the constant register 36. 2. Second Operation The first operation
unit 37 receives an input of the stored values of the general register RO
and the general register R1, and adds these values together. The first
operation unit 37 stores the addition result in the general register R1. 3.
Third Operatior_ In the same way, the second operatior. unit 38 receives an
input of the stored values of the general register RO and the general
register R2, and adds these values together. The second operation unit 38
stores the addition result in the general register R2. InstvucLmns 70'. 7 7



Instructions 76 and 77 are executed in the same way as described above, and
as a result the constant "0x8765" is stored in the lower 16 bits of the
constant register 36. Ir_structicn 78 Once the ir.s~ruct~on 78 has been
loaded into the instruction register 'C, zr:e present processor operates in
the sa^:e wav as whey. processing ir.styu~.tio-: 73.   38 As described
above for the present processor, the 16 bit constant "0x8765" is split into
four parts that are _ arranged into the instructions 74-77, with these
parts bein g successively stored in the constant register 36 by shifting
its stored value. This stored constant is then used according to the fifth
instruction, instruction 78. Comparison with a Standard Processor The
following is a description of the processing performed by a standard
processor for a program with the same processing content as shown in Figs.
9 and 11 and a comparison with the processing of the present invention.
Here, the expression "standard processor" refers to a processor that
executes instructions whose word length is fixed at 32 bits, and is the
same as the present processor, except for the lack of a construction, such
as the constant register 36 and the constant register control unit 32, for
_ ... _ ~ ~. ~.. _ ~. ., ~ a : ; .~ ., .~ ~, ., .. _ . ~ ., ..
aCCuIi~Ll~a~iug CviW WW wildt liu'vc Lcc.i. (~1'vm.cu ..JC:~wccm
instructions. Fig. 12A shows the field definition of the instructions that
are executed by a standard processor, while Fig. 12B shows the format of
the instructions. Here, it is supposed that the standard processor can
execute three types of twin operation instruction, instruc~ions 101-1J3,
and one type of single operation instruction, instruction 104.   39 Fig. 13
shows an example of a program to be executed by the standard processor.
This program has the same processing content as the program shown. in Fig.
9, which is to say the same procedure as the flowchart shown in Fig. 8. As
can be seen by comparing Fig. 13 and Fig. 9, the program for the standard
processor includes two more instructions that the program for the processor
of the present invention. 



The reason the "NOP codes" are included in the instructions 105 and 106 is
that the instruction 106 uses the operation result of the instruction 105,
so that these instructions cannot be executed in parallel. Also, the reason
the constant "0x87654321" is divided into an upper 16 bits and a lower 16
bits that are set in the constant register Ri (instructions 107 and 108) is
that it is not possible to set a 32-bit ccnstant and an,operation code for
a setting instruction in a single 32-bit instruction. T'~ ~ 1 A 1 L. 1 G y~
r T F .~ rid. i-s nijv 511ViNJ ai. ciia.ii~i2 vi a t.iWj:3m iv a standard
processor. This program has the same processing content as program shown in
Fig. 11. As can be seen by comparing Fig. 14 and Fig. 11, the program for
the standard processor includes one more instruction than the program for
the processor of the present invention. As described above, the
instructions executea by the processor of tre present invention rare a
highly efficient field st?~uctur2 whereby a maxim~;m cL ~hree op`iat~ons
can 'oe   40 indicated using a comparatively short word length of 32 bits.
Accordingly, with the processor of the present invention, a 16-bit or
32-bit constant that has been divided across a plurality of instructions
can be accumulated in the constant register 36 to restore the constant to
its original form, with it then being used for a branch operation or
arithmetic logic operation. Accordingly, when a small region is available
in an instruction, this region can be effectively used for locating a part
of a constant, so that the code size of the program can be reduced compared
with when the same processing is performed by a standard processor.
Modification Figs. 15A to 15D show the instruction formats of VLIW
processors that are modifications of the present invention. In these
figures, the smallest interval demarcated by the vertical lines represents
one bit, while the legend "fmt" shows the format field. The instruction
shown in Fig. 15A is composed of a 5 bit format field, a 7-bit operation
field, and two 10-bit operation fields. The instruction shown in Fig. 15B,
mean:a!^~~le, is composed of a 2-bit forTat field, a 4-bit operation sield;
and two 13-bit operat~.ori fields. ^'he n ` ,,rti L' 1 v .~.0^'~ of a
'7-~.,nW ~ ~'~~"'.~~lt l..s ru-...~. Oil s.lveJ:: 1.'1 a.lC,'u 5 .'.J
cvf:l_ J a v ...~.v   41 



field, a 3-bit operation field, and two 13-bit operation fields. Finally,
the instruction shown in Fig. 15D is composed of a 4-bit format field, a
2-bit operation field, ar_d two 13-bit operation fields. These four types
of instruction have the following similarities with the instructior. 50
described in the above embodiment and showr. in Fig. 2A. i. The instruction
word length is fixed at 32 bits. ii. Each instruct~.or. has one format
field and three operation fields. iii. The three operation fields do not
have the same structure, which is to say, two of the operation fields have
the same structure, while the remaining operation field is short. As a
result, these four types of instruction have the same characteristics as
the instruction 50 described in the above emi~odimenL. I. The Instructions
have a field structure whereby a maximum of three operations can be
indicated in spite of the comparatively short 32-bit word length. II. A
small opera~ion field which is ideal fog inserting small instructions, such
as branch instructions that do not require two operands, is provided, so
ti:e code efficiency cf i:~str~:cticr.s is high:. III. A format tiel~i is
provided so that by riving an  



42 indication that a constant or one part of a constant is present i.^. an
operaticn field where an NOP _ instruction would normally need to be
provided, the code size of a program car. be reduced. On the other hand,
the four types of instructions described above also have the following
characteristics which differ from those of the instruction 50 described in
the above embodiment. The instruction shown in Fig. 15A has the advantages
of an enlarged format field, meaning a greater nu~-nber of instruction
types can be defined, and of the ability to provide at least one operand in
each of the three operation fields. The instructlons'shown in Fig. 15B to
Fig. 15D, meanwhile, have~the advantage of two enlarged operation codes
("op2" and "op3"), so that a greater variety of operations can be defined.
Fig. 16 is a block diagram showing the construction of a VLIW processor o~
the present invention for execuLirg the instruction shown in Fig. 15A. As
can be seen by comparing this construction with the construction shown in
Fig. 4, the fundamental construction of the processor is the same, although
there are some differences in the connections between the instruction
registers 10, 1l0 and the decoder L'_'11LS 20, 120. In this way, VLI~ni
processors =or exec~.:ting the modified instructions shown in  gs. 1~A to
15D car. be raal_ized by making only parr.ial changes to t'.~.e JI,I~~   43
processor described in the above embodiment. The processor of the present
invention has been explained by means of the embodiment given above,
although it should be obvious that several further :modifications are
possible. Four examples of such axe given below. (1) Tre embodiment and
above modification of the present invention a11 deal with the case where
the instruction word length is 32 bits and a maximum of three operations
are indicated, although the present invention is not limited to these
r_umbers . As one example, the instruction 50 shown in Fig. 2A may further
include another 4-bit operation code and another 4-bit operand, making the
total instruction word length 40 bits. By doing so, it becomes possible to
define instructions with high code efficiency whereby a maximum of four
operatio.^.s can be executed by a single instruction with the comparatively
short word length of 40 bits. (2) The instruction 50 of the above
embodiment only includes one field (the P1.0 field 52) that uses an
implicit operand (the stored value of the constant register 36), although
the present invention need not be limited to this, and so have t~ro or more
such fields. This can be hand=ed cm n r, ,.. ~ i- a 1 , c F ; ' a y ^ f- r
,~ r. +- ~ n ~ ap_ rc~._ a.. y d` _n~r.g r_err .s _ .. _ic.. _crr.:..   



44 (3) _Tn the above embodiment, an example dealing with a numerical
constant is given, although it is of course equally possible for the
invention to deal with a character constant. This is because a long
character constant that is divided across a plurality of instructions can
be accumulated by successively storing different parts of the character
constant in the constant register 36. (4) As can be seen from the
instruction formats shown in Figs. 2B to 2D of the above embodiment, only a
4-bit or a 16-bit constant can be stored in the constant register 36 in the
above embodiment by a single instruction, although this is not a limitation
for the present invention. As examples, it is equally possible to define an
instruction format whereby a 12-bit or a 28-bit constant can be stored in
the constant register 36 by a single instruction. To do so, it is only
necessary to change the connection pattern of the pe.ripherai circuits of
the constant register 3b. Although the present invention has been fully
described by way of examples with reference to accompanying drawings, it is
to be noted that various changes and modifications will be ao~arent to
those skilled in the art. Therefore, unless such charges and modifications
depart from the scope of the prese.^.t invantio.^., they shcul d be
construed as being included therei.^..   -4~ CLAIMS: 1. A VLIW (Very Lcng
Instruction Word) processor for decoding and executing an instruction that
includes a format 5 field and at least one operation field, of which the
format field includes a format code, the VLIW processor comprising: a
decoder unit for decoding the format code in the format field and
indicating a type of operation in the 10 operation field, and for decoding
the operation field in a manner specified by the type of operation
indicated by the format code; and an execution unit for executing an
operation indicated by the operation field in accordance with a decoding
result l~ produced by the decoder unit. 2. The VLIW processor of Claim 1,
wherein the instruction includes a plurality of operation fields, and
wherein the format code further indicates the types of operations of ?0
each of those operation fields. 3. The VLIW processor of Claim 2, wherein
the types of operations of each of those operations fields are further
specified by locations of the operation fields in the 2> instruction. 4.
The VLIW processor of Claim 1, wherein the decoder unit decodes an
operation code included in an operation field, and 30 the execution unit
executes an operation corresponding to the decoded operation code. SIT S
C'_" f ~~ 1 ~ ~-e '-' 5. '.he ~~IW proce s o ~ai^~ .~, w e_ ~n ~.:~e
execu:~`:; nni t ~ ,,~~1 ~:ri~; ;i storing means for stormy a cor_stant
from tr:e cpe:-atior_ field into a register when the decoder unit m:dicatEs
that a  



-46 type of operation in the operation field is an operation for storing a
constant. 6. The VLIW processor of Claim 1, wherein the decoder unit 5
decodes an operation code included in the operation field, and when the
decoder unit further indicates that the operation field includes the
operation code, a source register code, and a destination register code,
the 10 execution unit executes an operation corresponding to the decoded
operation code using the source register code and the destination register
code. 7. The VLIW processor of Claim 1, wherein the instruction 15 further
includes a branch field, the decoder unit decodes a branch operation code
included in the operation field, and when the decoder unit further
indicates that a type of operation in the operation field shows that the
branch field 20 includes the branch operation code, the execution unit
PXPrllta~ a hr'~nr_'~_h_ nnPrat i nn ~nrra~pnnrl i nr~ tn tl-;c ~7oyCd`u
branch operation code. 8. The VLIW processor of Claim l, wherein the format
code ?~ further indicates that at least one field except for the format
field is reserved. 9. A recording medium recording a VLIW instruction which
is to be decoded and executed by a VLIW processor, the VLI41 3()
instruction including: a format field having a format code that defines a
tt-LP of opera~ion in each of one or more operaticr. field ; a:d the one or
more operation fieias w'.-u~~:. each has a -.alue r0 _ _ __ .~P
I~PC_`.O~E'C'1 t7y t f.P \iT.u! W pr'n[ P~ Snr =n .a r ~nr r7ariro ~r~~
yl-~ r- ~,o 3~ type defined by the for;r;at code.   10. The recording
medium of Claim 9, wherein the VLIW instruction includes a plurality of
operation fields, and the format code further indicates a type of operation
of each of the operation fields. 5 11. The recording medium of claim 10,
wherein the type of operation of each operation field is further specified
by a location of the operation field in the instruction. 10 12. A recording
medium recording a VLIW instruction which is to be decoded and executed by
a VLIW processor, the VLIW instruction including: 



two or more operation fields including a first operation field and a second
operation field, wherein . 15 the first operation field has only one
operation code that specifies a type of operation, and the second operation
field has one operation code and one or more operands that each specify
data to be used in an operation. 20 13. The recording medium of Claim 12,
wherein the number of }~i t ~ of fih~ fi_rcr nnarat i nn f i alr~ i c 1 pt;
rcr thur. t1-io n, 1-.C.. -. . ~.:.iw _ of bits of the second operation
field. 14. The recording medium of Claim 13, wherein the number of 2~ bits
of the operation code in the first operation field is equal to the number
of bits of the operation code in the second operation field. 15. An
instruction decoding/executing method for use in a 30 LLIW (Very Long
Instruction Word) processor for decoding and executing ar~ instruction that
includes a format field ar.d at least one operation field, of which the
format fiend includes a format code) the i;~struction
der_oding/exec~_ir_ing method comorisin~: a decoder step for decoding the
format code ir. ~r_e format field ar.d indicating a type of er:eration is
tYie   _~8_ operation field, and for decoding the operation field in a
manner specified by the type of operation indicated by the format code; and
an execution step for executing an operation indicated 5 by the operation
field in accordance with a decoding result produced by the decoder step.
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