
;1234e3e ` XXY\$]n_6_T`g Processor For Executing Highly Efficient VLIW
BACKGROUND OF THE INVENTION (1) Field of the Invention *cooaoa* The present
invention relates to a processor with VLIW (Very Long Instruction Word)
architecture, and in particular to a processor that executes instructions
with comparative) y short word length and high code efficiency. (21
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, /-. Sn n n n L-. ... ~ L. ~.. ... ~ ~ C' L ~ .~ L ~. ..7
11 f TT IP THESE BEING HEREINAFTER REFERRED TO AS "VLIWPROCESSORS". 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 microprocessors used in consumer appliances,
however it is important to suppress the code size of programs, so that
25o'-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
e:{ecutes 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. he indication of a. maximum of
two operation by d 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-~t is split into an upper 16 bits and a lower 16 bits so that it
can be set into registers, two 32-bit instructions a=a required just to
indicate an operation using this constant.  



SL~'IMARY OF THE INVENTION The present invention provides a VLIW (Very Long
Instruction Word) processor that decodes and executes an S instruction:
that has at least two operation fields, of which a first operation field
can only include one operation code for specifying an operation type and a
second operation field includes a combination of one operation code and at
least one operand used in an operation indicated by the 10 second operation
field, the VLIW processor comprising: first decoding means for decoding the
operation code in the first operation field; first execution means for
executing an operation 15 indicated by the operation code in the first
operation field in accordance with a decoding result of the first decoding
means; second deccding means for decoding the operation code in the second
operation field; and `'0 second execution means for executing the operation
indicated by the opertaion code ;n the second operation field on data which
is indicated by the operands in the second operation field, in acccrdance
with a decoding result of the second decoding means.   _, By doing so,
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 reduced. As a 5 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 20   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 code efficiency 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 on the data that is
indicated by the operands included in the third operator. field. As a
result, data transfer to and from an external memory car: be indicated by a
single operation in an   P~OYERvS$d',->I>NNaJW CucIISiILInl2 -6
instruction, so that the operand access circuit that should be provided in
a VLIW processor car. be simplified. The present invention further provides
a VLIW processor that decodes and executes an instruction that has at least
5 two operation fields, of which a first operation field can only include
one of (i) a single operation code for specifying an operation type and
(ii) a constant, and a second operation field includes one of (i) a 10
combination of one operation code and at least one operand used in an
operation indicated by the second operation field and (ii) a constant, the
VLIW processor comprising: first decoding means which decodes, when an
operation l~ code is present in the first operation field, the operation
code in the first operation field; first executing means for executing an
operation indicated by the operation code in the first operation field, in
accordance with a decoding result of the first 20 decoding means; second
decoding means which decodes, when an operation code is present in this
second operation field, the operation code in the second operation field;
and second executing means for executing an operation indicated by the
operation code in the second operation field on data which is indicated by
the operands in the second operation field, in accordance with a decoding
result of the second decoding means. With the stated construction, when it
is necessary to 30 put meaningless code into an operation field in an
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 in the third
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 number of bits, which-r enables 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 r.
operation fields not all being a same size, and by h not being an integer
multiple of n. With the stated construction, there is no need for a11 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, r. 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 y performed.   9 Here, a
number of operands included in at least one operation field out of the r.
operation fields may be different to a number of operands in other
operation fields in the r. 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
can be realized. As described above, 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 bar a single instruction. This effect is especially
noticeable for embedded processors that process multimedia data.   ~o BRIEF
DESCRIPTION OF THE DRAWINGS 



These and other advantages and features of the it:ve::tion will become
apparent from the following deSC-description thereof taken In conjunction
with the accompanying drawings which illustrate specific embodiments of the
invention In the drawings: Fig. lA 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, and Fig. 2D showing single
operation instructions; Fig. 3 is a table showing specific operations that
are indicated by the three types of operation. code, "cc", "opl" and "opt",
that are used in Figs. 2B to 2D; Fig. ~ is a block diagram showing the
hardware construction of the present processor; Fig. 5 is a block diagram
showing t:the-:e detailed construction o` the constant register 30' c= the
present processor and the peripheral c-rcvits,. 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 "1", Fig. 63 showing the case when the
format code is "4", Fig. 6C showi.^.g the case when the forma~c 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 same procedure as the program
ShOtn7:1 1T1 Fig . 9 Fig. 14 shows an exa^~ele of a progra~ t:a~ has a   12
standard processor exec~.:te the sa:re procedure as the program shown ir~
Fig. 11; Figs. 15A to 15D show modifications to the structure o the
instructions executed by the VLIW processor of the preser 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 THE 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 an arithmetic operation, a logic operation, a transfer, 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 Format
First; the structure of the instructions t:~at are decoded and e:~:ecuted
by the present processor will be described. The prese.^.t processor is a
V~,I'u~ processor t~~:at  



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, meanwhile, shcw sixteen instruction
formats. Of these, the instruction formats in Fig. 23 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 ir. 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 5n
to the P3.2 field 58 is called the second operation field 60. In Figs. 2B
to 2D, the legend "coast" indicates 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" t:~e register used as the destination operand, and
"cc" a~: operation code indicating a bra.::ch operation that uses tce   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 tre 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 32-bit register provided in the present processor
(the con$tant register 36 shown in Fig. 4). As one example, for the
instruction format with the format code "0", the 4-bit constant "const"
located in the P1.0 field 52 implies the constant that is to be stored in
the constant register 36 which is implicitly indicated. Fig. 3 shows
specific examples of the operations that can be indicated by the three
kinds of operation code "cc", '~pl", ~Gi.d "Op2" given in Fl.gS. 2B ~O 2D.
TI?2S2 Op2ra~10^S are described in detail below. The 4-bit opera~.ion code
"cc" indicates one out of   15 sixteen types of branch instruction. Each
branch instruction. is specified as a brancz condition. and a branch
format. ~xa:noles of branch conditions include "equal to ('eq')", "not
equal to ('neq')", and "greater than. ('gt')". The branch for:r,at can be a
format where the stored value of the constant register 36 serves as the
absolute address of the branch destination (denoted by having no "i"
attached to the instruction mnemonic), or a format where the stored value
of the constant register 3o 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 a.^. iraer-register transfer, such as any of a "mov"
(transfer of word (32-bit) data), a "movh (transfer of halfword data), or a
"movb" (transfer of one byte data). The 4-bit opera^d "o~~?" can be usd to
indicate anv of   16 the arithmetic logic operations or inter-register
trans~e~s that car. be indicated by the operand "opl", but can also be used
to indicate a register-memory transfer cperation 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
instructicn 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 re'Ji.S CeL J G ( j;:`I1 d5 iiL
i.:i'~i:5`_~:~.tl::i:s w1 L1; ti a fOL"".T~a t 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 'onl =.~ this ~-bit co.^.stant is stcre~' (such as
zr. the instructions with the format cones "0' and ''_.") and cases   .7
where this constant is stored together with a 12-bit constant located in
either the first operation field 59 or. the second operation field 6C (such
as in the instructions with the format codes "4" and "5"). When tze
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
combiratior_ 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 ., .. ` .. ` ... v) ., ~ ~ ~ ~.
.. .- : .. .~ . y , ,a ~ .~ , _ . ~.. -a w u.V.a,. i. 0.J l.mi.. iJv.
v:~CrcW ..i.v i 1. iu ~~ 4CJv.yla.rC:u a:Jl,'VC, ~","1,_, can also
alternatively hold a combination of (a) an 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
operatior_ . The above assignment of different operation types to 



certain. fields rests on the premises fog the present von Neumann-type
processor whereby it is not necessary to   process two or :pore 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
t:~e constant reg=ster 30. (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":
iii i.i2lo iLIS i.y Llc=;t.~UU, d .'i o-i:).L i. C~7nS tdrit lUCdL.ed lI:
L112 P1.0 field 52 and the P3.0 field 56 to P3.2 field 58 ~s stored in the
constant register 36. Secondly, for the present processor, a maximum of
three operations can be indicated by a single instruction, and in this
case, as can be seen from the triple operation formats shown in Fig. 2B,
either of the followi:~g cornbinatlons of operation tvces can be used.   79



(1) One operation that sets a 4-bit constant into the constant register 36
and two standard operations (when the format code is "C" or "1"). (2) One
operation that performs branching using the value set in the constant
register 3o as an absolute address or 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 construc~ion of Lhe pracessor of
Lre 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 register that StOreS O :e l::Strl:Cti.^.n .1.1'13t
t':~us ~en Sent frCLi, th_ instruction fetch unit 39.   20 The decoder
u:.it 20 decodes the instruction held in the instruction register i0 and
performs output or. control lines to the execution unit 30 in accordar_ce
with tre 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 decodes 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 i~ r,a ,.. +- ; .. ~ ~, ~ i d ; ., t
~. y ., r +. r .. +- : ~ ~ .. , n ".. .~ l.ati w.r'Jw L...~ ~.1 ..
yiaJ1_.LIW l~r.uJiu ry iJLUl 1W ClJ 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
bra:Lch decoder 23, the first operation decoder 24, and the second
operation decoder 25, and activates the register control unit 32 of the
execution unit 30. The format decoder 21, the branch decoder 23, the first
operation. decoder 24, and the sect^d operation decoder   21 25
fundamentally decode one operation in one cycle and send control signals to
the execution unit 30. Here, the 26-bit constant signal line 26 that
connects the instruction register 10 with the execution unit 30 is a bus
for transferring constants and operands located ir. 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 components in the execution unit 30, the constructions of the
register control unit 32, the PC unit 33, and the constant register 36 are
shownin greater detail in the other drawings. .",", ~  .. , - ~- ?, '
c~~il~i:di tc: tTle 1 iG C.~iC~.4, lsJ.a c"::tro~ a ~~.,. ~ refers ~r:
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 permissicn/prohibition control, status management, and
interr~:ption control; as :cell as the constant register con~,.-.rol :nit
32 which is a characteristic   22 component of the present processor. The
constant register control unit 32 performs control so that a 4- cr 16-bit .
constant "const" held in tl:e 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 cutputs 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 the instruction register 10. T H o ,. a r. ; c ` .. t ~ n .-,
,., .a .~ r r : ~ ~. .. - n , ~y.~a E.'~ :~c ~ ~:~ ~v.wp~SGu vi ..~1_CC..
3-"i7._t 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 unit 37
and the second operation unit 36 whers an operation is performed or
alternat?vely the val~~es are allowed to rass; before bem~ sent to the
register set 34 or t!~e operand access mit   



23 40. Here, in addition to being used in the operations performed by the
first operation unit 37 and the second operation unit 38, the value stored
in the constant register 36 can also be transferred to the PC unit 33,
where it is used to generate an effective address than 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, arit:.metic 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 Gn twU 32-b.lt Sets Uf delta, i :
Li:e S~u:r~e ~'dj~' aS L:.e fir SL operation unit 37. This second operation
unit 3~8 is capable of executing two types of operation (namely,
aritru-netic 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 ef the second operaticn decoder 25 and
is a circuit that transfers operands bet:~~een the register set 34 and
t'_^.e external rnemorv lnot illustrated`. The ouera:.d access unit   24 4C
internally includes a buffer for storing operands and operand addresses. As
a specific example, when the operation 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
I:2 bus, the R2 bus, the D1 bus, and the D2 bus) as showy. in Fig. 4. Here,
the Ll 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 ports of the second
operation unit 38, and the Li bus and the D2 bus are respectively connected
to an output port of the first operation unit 37 and the second operation
unit 38. Detailed Construction oT the Constant Rea;st~r 3a' and its
PeYlnh2r~ The following is a detailed description of the construction of
the constant re..^isi:Pr 36 and c;f the   25 peripheral circuits. Fig. 5 is
a block diagram s~^.owing the detailed _ 



construction of the constant register 36 and of the peripheral circuits.
Note here that the fixed value ("0"i 27 in the drawings refers to fixed
wiring for four signal lines carrying the constant "0". The constant
register control unit 32 is compose 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. Here, each set of input and output data
is 4-bit parallel data. In accordance with control sicrnals 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. F~g.
'Jr~ tC 6!'1 chn;.; the fnyr ~naa~~`1 StCr~g fie~l';o'~S 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.C field ~2
is stored in the constant register 36. rlore specifically, the da~a t!-_a~
is stored in tre constant register 36 is s~:ifted upwards (~o the left in
Fig. 6A) in 4-bit units and the 4-bit coastaat   26 stored in the P1.0
field 12 of the instruction register 10 is stored iz the lowest-order 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 1G 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 11 is "5". This equates to the case when a 16-bit constant located in
the PI.O field 12 and between the F3.0 field 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 in the P1.0
field 12 and between the P3.0 field 16 and the P3.'' field 18 o.f the
instruction register ;0 is stored in the lOw2St-Or'der 10-bltS 362`36:? Of
tuCOnsta_it re:~'lStc~ .. ". F; y, n chn;,, S +-.~ran,a o hn r!,an !- A
~'~rma~ ..B , r , _ ._ ..~ s s _ _ m _t.. d f.or u._. _ ..h._ _   27
decoder 21 detects that the value stored in the P0.0 field 11 is "2", "3",
or "A", or when the instruction decoder 22 detects t:~at the constant
register (R15) is indicated by at least one of the P2.1 field 14, the P2.2
field i5, 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 all
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 -.'_ft~~ bc~.~~y ~:.Scu.. tv c_ JiirC tLat d `GlLI
witrl G .`l.C.-'ilJ extension is always stored in the constant register 36.
A zero extension. here refers to the insertion of zeros that is performed
when 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 bits. 



As described above, wren the val ue i n 'she P0. 0 fie~.d 1C is "0" "1"
"4". or "5"~ 11 of the instruction register , ,   28 the constant that is
already stored in t'r.e constant register 36 is shifted and 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 Lo successively accumulate constants until the next
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 tha PC 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 stoning
an address of the next instruction to be decoded and executed, and a
4-input selector 33e. zn the PC unit 33, the selectors 33b and 33e operate
in accordance with control signals from the decoder unit 20, so that the
selector 33e outputs one of the following three types of values to the
instruction fetch unit 39 as the effective address. 1. A val!ie where "~"
is added to the torrent of the PC '~3d This coaresponds to whet no bra:~ch
is taken and a next insr_r!a.'_.'t~ nn iS tn hP av_arLtara i n n_r~~a_r
~~Ih'_!y'rl 1S tn cay~   29 when the decoding result for a present
instruction is that no branch operation. is indicated. The reason. "4" is
addedis that the length of one instruction. is four bytes, w~:ich is to
say, 32 bits. 2. A value where the content of the constant resister 36 is
aided 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. 



A value given as the content of the constant register 36 This corresponds
to when the content of the constant register 36 is used as an absolute
address, for branching, such as when the decoding result of the branch
decoder 23 is that the Fi.O iielci 12 indicates a cra:~ch to a:~ 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 30, so that branch execution control can be perfor:red with t:ie
stored value o` the constant register 36 as a relative adc'ress or an
absolute address in oaraliel with and indeoen~:ent o~ t:~2   30 operations
performed by the First operation unit 37 and the second operation unit 38.
Oneratior, of the Processor The 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. The program is ccmposed of the three instructions 71-73.
In 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 "Rr. (n=0-15)" shows zhe value stored ir_ one o= the
registers in the register set 34. Of these, ''R15" raiArc trO ~!'?r`
Lp~S~_'. it :~i.5~2i 3v,   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 explanaticn of the operation
cf 



the present processor for each of the irstructior_s 7i 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 P0.0 field 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. 1.
First Operation The constant register control unit 32 controls its eight
internal selectors 32a-32z so that (0x8765) located between tre P1.0
f~.e'_d 15 is stored in the lower 16 bits of the 36 according to the
storage method shown 1 .~ yt-,p ~~^ ~~.:t C~ t.. ~7~Sto~..w...~ ~:,.J-~
the 16-bit constant 12 to the P2.2 field constant register in FiQ. o'~. D ~
~ h ~ ~ t. .F r ~ m ,r s.._.:.u:~E.: L.:..i   32 "Ox000C0000" to
"0x00008765" as shown in the clock cycles t0-tl in Fig. 10. 2. Second
Oneratien The second operation unit 38 receives an input of 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 shcwn in
Fig. 10. Instruction 72 Next, after the instruction 72 has been loaded into
the instruction register 10, the present processor operates as shown in
clock cycles tl-t2 in Fig. 10. The format GaeC:rd".~'.r c~..l ~ L:ugc~~ i;
"rm the ~ aii:E "fii~t'~t" ~i t he 't~0 , 0~ llCld 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 Oceration
Ti:e constant register control. unit 32 controls its 



eight internal selectors 32a-32h so t'~at tl:e 16-Lit cor..~tant   33
(0x4321) located between the P1.0 field 12 to the P2.2 field 15 is stored
in the lower 16 bits of the constant regis~er_ 36 according to the storage
method shown in Fig. 6B. Accordingly, the content of the register Ri5
changes from "0x0000870'5" to "0x87o'S4321" as showy. ir>, 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 "0x11111111" of t:~le general register R0, and multiplies
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 "0x11111111" to the value "0x44444444" in the clock cycles tl-t2
shown in Fig. 10. T ~. a. .. a. : '7 7 1 : 1 J L. 1 ~~ lr ~. 1 L/ 1 : I "J
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 i0 that the present instruction is a
twin operation instruction wit~1 the format code "7", and so controls the
execu~ion a^it 30 so that the two operations described below are executed
~n parallel.   34 1. First Operatic The first operation unit 37 receives an
input of the. stored value "0x87654321" 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 38 receives an
i.^.put of the 8-bit constant ("0x00") that is located in the P1.0 field 12
and the P3.1 field 17 and 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 .~Ot tLlc~ ~..~..UC..iO C jrt=.i.Cj t2 -t3 lii i lg
. 10 . 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 third instruction, instruction 73. By doing so,
the procedure shown in the flowchart of fig, 8 can be executed by the three
instructions 71-73.   35 



The following is an 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 the 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 field 12 is stored in the lowest 4 bits of the
constant register 36 according to the storage method shown 'tn Fig. 6A. ?..
Second nner_~~-ion   36 The first operation unit 37 receives an input of
the stored value of the general register Ro', and 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 38 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 ?5 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 IO that the
present instruction is a triple operation instruction with the format code
"0", and so controls the execution unit 30 so that the three operati~n5
described below are executed in parallel. 1. First Operation The constant
register control unit 32 controls its e.i_ght internal selectors 32a-32h so
that the 4-bit constant ("O~c7") located in the P1.0 field 12 is stored in
the lowest 4 bits of the constant register 36 according to the storage
method St'lO~rJI1 In F'i ~; . 6A. After this o~~eratir., t:ha co:~stan~: Y
37 "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 Operation In the same way, the
second operation unit 38 receives an input of tl~e 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. Instructions 7 ~ 77 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.
Instruction 78 Once the instruction l8 has been loaded into the instruction
register 10, the present processor operates in 



the same way as when processing instruction 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
being 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
dCCUmuidtlng COnStaI7~5 that iia'vC iWai: di'vlC.~ed betweCn l.nStruCtiOnS
. 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, instructions 101-103, and one
type of single operation instr~;ction, instriictyon 10 ~l .   - 39 Fig. 13
shows an example of a program to be e;cecuted by the standard processor.
This program has the same _ processing content as the program shown in
Fi.g. 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 constant and an operation code fox a setting instruction in
a single 32-bit instruction. Fib. i4 i50 S hv;riS c'l~? c:id:Vpi ~f_ d
yi~~Ciuu~ fvi 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 executed by the processor of the
present invention have a highly efficient field structure whereby a maximum
of i:hree operations can be   ~o 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. Modificatior~ 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~~rhile, is composed of a 2-bit format field, a 4-bit
operation field, and two 13-bit opera~ion fields. The l.nS tL~lCr1C7i1
3t'10'fln lit fl~. 1 ~C i~ CCmpCSe~,'~. o~ a 3 -bl ~ fi rrf'3t   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, and two 13-bit operation fields. These four types of
instruction have the following similarities with the instruction 50
described in the above embodiment and shown in Fig. 2A. i. The instruction
word length is fixed at 32 bits. ii. Each instruction 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 embodiment. 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. TI. A small operation field
which is ideal for inserting small inst~~uctlons, such as branch
instructions that do not require two operands, is provided, so the code
efficiency or instructions i_s ht_gh. III. :1 for,n,~t fi`Ld is provi~?`d
sc that b~y giving a..^,   42 indication that a constant or one part of a
constant is present in an operation field where an D10P _ instruction would
normally need to be provided, the code size of a program can 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 number of
instruction types can be defined, and of the ability to provide at least
one operand in each of the three operation fields. The instructions 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
VLIv~i processor of the present. iavenLiuii Lc:r e:~e~..uti.ng tiic
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, 110
and the decoder units 20, 120. In this way, VLIW processors for executing
the modified instructions shown in Figs. 15A to 75D can be r~alizecl by
making only partial changes too the VLT~a   



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 are given below. (1) The 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
numbers. 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.
operations 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 ce lirnitAd to this, and so hare two or more
such fiel::~s . This car? ~~~= handled by ac~oropLiatel f .dafini;~g a n~w
instruction fc~:.^,at.   44 (3) In 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 2B-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 peripheral
circuits of the constant register 30. 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
apparent to those skilled in the art. Therefore, unless such changes and
modifications depart fx~oni the scope of the present invention, they should
be construed as being in_r,1L1C1F_'d therein .   -45 What is clamed is: 1.
A VLIW (Very Long Instruction Word) processor that decodes and executes an
instruction that has at least two 5 operation fields, of which a first
operation field can only include one operation code for specifying an
operation type and a second operation field includes a combination of one
operation code and at least one operand used in an operation: indicated by
the second operation field, 10 the VLIW processor comprising: first
decoding means for decoding the operation code in the first operation
field; first execution means for executing an operation indicated by the
operation code in the first operation field l~ in accordance with a
decoding result of the first decoding 



means; second decoding means for decoding the operation code in the second
operation field; and second execution means for executing the operation ?0
indicated by the operation code in the second operation f ie l d or. dat ~
wl;ich is ; ndicatcd by th^ ~F~E~r,~~ ;d: in tree second operat ion f
field, in accordance with a decoding resul t. of the second decoding means.
?5 2. The VLIW processor of claim 1, wherein a number of bits occupied by
the operation code in the first operation Field is equal to a number of
bits occupied by the operation code in the second operation ~iel-i. ;tl 3.
The VL~CW processor of cl~rim 2, wherein the instruction includes three
operation F_mld~>, r el ~ ~: f le d ~i: he.. i z a thi d ep -at~ 1 in _ a
,.h~~.c operati,-~ri ii f gelds oCCllpIPS ~ S~iTIP nlrill~F'r ~f hlti3 as
the seco_i3 operation L-geld and includes a rotr~k~inaLion ~~i one
opet~atlmn   -4G code and at least one operand, the VLIW processor further
comprising: third decoding means which decodes, when an operation code is
present in the third operation field, the operation 5 code in the third
operation field; and third executing means 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 10 third decoding means.' 4. The VLIW
processor of claim 3, wherein the first executing means controls a ~COntrol
flow of a program including the instruction. l> 5. The VLIW processor of
claim 4, wherein the second executing means controls transfer of the data
that is indicated by the operands included in the second operation field,
and 30 the third executing means controls executes an c. i _', t, ^' t 1 C
i r` " r- t :1 d ~ t a ~'l,.~e O~1C ~.'t7Cr.3..~C:a Ci. C . iat 1~
lil~iiCatCl~ J_?~~ trio operands included in the third operation field. 6.
A VLIW processor that decodes and executes an 25 instruction that has at
least two operation fields, of which 



a first operation field can only include one of (i) a single operation code
for specifying an operation type and (il) ~ constant, and a second ~
operation field includes one of (i) 30 COfilblllatlOn of one operation code
and at least one operand used in an operation indicated by the second
operation field and l~l) a constant, the VT_IW processor comprisin3: Flr ~~
d`C.^~1::~ CT;E,' :na L'.'~:1C~: dCCCdC~^~, '.~iiCi~l etW uNei~uti V1:1 .s~
c:ode is present in the first operar_ion field, the operation cone ~n l.lie
Cir~;t operatmn field;   first executing means for executing an operation
indicated by the operation code in the first operation Field, in accordance
with a decoding result of the first decoding means; 5 second decoding means
which decodes, when an operation code is present in this second operation
field, the operation code in the second operation field; and second
executing means for executing an operation indicated by the operation code
in the second operation 10 field on data which is indicated by the operands
in the second operation field, in accordance with a decoding result of the
second decoding means. 7. The VLIW processor .of claim 6, 15 wherein a
dumber of bits occupied by the first operation field in the instruction is
less than a number of bits occupied by the second operation field. 8. THE
VLIW processor of claim 7, 20 wherein a number of bits occupied by the
operation code l rl . .t'r~r-' f 1Y'S~~ opE'Yaf lOrl Bald 1S e.~,~L:al t0 a
riu,;ibc''..i ~JF ~lltS occupied by the operation code in the second
operation field. 25 9. The VLIW processor of claim 8, wherein the
instruction includes three operation ffields, wherein a third operation
field in the three operation f ie.Lds occupies a same number of bits as the
~ecolld s0 opeeation field and includes a combinatloTl ~f one operation
rods: anal at least ~~ne operand, the VLIW processor further comprising:
tharu C~PC'Odtrlg mPar~s w'.~ioh dacodes, when an oi~cration ,s L,z,~~;sh_t
"-l rl,A r1_-l~.rd oper~t~o fio --~ th _ _ . ~ c. :1 1..,, c :'~"c:r ~t iGi
t a~ code irl the tl~iz~d o!~~atati~n Cield; and third execut>_ng means for
executiricJ an operatio:z 



-~.s 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 means. 5 10. The
VLIW processor of claim 9, wherein the first executing means controls a
control flow of a program including the instruction. 10 11. The VLIW
processor of claim 10, wherein the second executing means controls transfer
of_ the data that is indicated by the operands included in the second
operation field, and the third executing means controls executes an 15
arithmetic logic operation on the data that is indicated by the cperands
included. in the third operation field. 12. The VLIW processor of claim 11,
wherein the format field, the first operation field, 2U the operation code
in the second operation field, each mTn?t ~Il~~ 7.t? ~}Za gar~rvrZr~
nLsa~at, nrl Fj_~1 ~~ th OperatlC:a Coda l ii the third, operation field,
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