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(57) ABSTRACT 

The present invention provides a processor which has a small 
scale circuit and is capable of executing loop processing at a 
high speed while consuming a small amount of power. When 
the processor decodes an instruction loop C6,C1:C4.TAR, 
Ra', the processor (i) sets a conditional flag C4 to 0 when the 
value of a register Ra is smaller than 0, (ii) moves the value of 
a conditional flag C2 to a conditional flag C1, moves the value 
of a conditional flag C3 to the conditional flag C2, and moves 
the value of the conditional flag C4 to the conditional flags C3 
and C6, (iii) adds -1 to the register Ra and stores the result 
into the register Ra, and (iv) branches to an address specified 
by a branch register (TAR). When not filled with a branch 
target instruction, the jump buffer will be filled with a branch 
target instruction. 
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Fig. 37 

jloop C6,Cm,TAR,Ra 

Ra <- Ra - sext(1): 

Used as part of loop. 
Behavior 

Following processing is performed: 

(1) Set 1 to Cm. 

(2) Add -1 to Ra, and store result in Ra. Set 0 to C6 when value 
held in Ra becomes smaller than 0. 

(3) Branch to address stored in TAR. Fill branch destination 
instruction, if there is no branch destination instruction filled in 
branch destination buffer. 

xBehavior when Cm=C6 is undefined. 
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Fig. 38 

settar C6,Cm,D9 
TAR <- PC + (sext(D98: 1) <<1); 

C6 <- 1; Cm <- 0; 

Following processing is performed: 

Behavior (1) Store address resulted from adding PC value to 
displacement value (D9) into TAR. 

(2) Fetch instruction corresponding to such address, and store 
it in branch destination buffer. 

(3) Set C6 to 1, and Cm to 0. 

D9 is a signed value, and low 1 bit shall be 0. 

Behavior when CIFC6 is undefined. 
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Fig. 39 

settar C6, C4, L0 

C6 A 
C4 B 
C6) joop 

Fig. 40 

int func2 (int a, int b, int c) 
int i, 
int t; 

for (i = 0, i < 100; i-H) 
yi) = xi + i. 
t += xi), 

return t, 
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Fig. 41 

MOV r4, 0 
d ré, (gp, XS - . MN. gptop) 

mov r1.98 
settar C6, C4, L00023 // Reset C4 at the same time 
d r5, (gp, yS - . MN. gptop) 

L00023 //2cycle/iterartion 
C4 add r2, r3, r4 
C4 add r0,r 3, r0 
C6 r3, (r.6+) 

(C4) rA, ra, 1 
C4 (r5+), r2 
C6 C6, C4, tar, r1, -1// Set C4 at the same time 
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Fig. 42 

jloop C6,C2:C4,TAR,Ra 
=>jloop C6, C2:C4,TAR,Ra-1 

Ra <- Ra - sext(1); 

Behavior 

Used as part of loop. Following processing is performed: 

(1) Move C3 to C2, and C4 to C3 and C6. 

(2) Add -1 to Ra, and store result in Ra. Set 0 to C4 when value 
held in Ra becomes smaller than 0. 

(3) Branch to address stored in TAR. Fill branch destination 
instruction, if there is no branch destination instruction filled in 
branch destination buffer. 

jloop C6, C2:C4, TAR,Ra 32bit synonym C2C4,C6,C3 - 
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Fig. 43 

settar C6, C2:C4, D9 
TAR <- PC + (sext(D98:1) <<1); 

Following processing is performed: 

Behavior (1) Store address resulted from adding PC value to 
displacement value (D9) into TAR. 

(2) Fetch instruction corresponding to such address, and store 
it in branch destination buffer. 

(3) Set C4 and C6 to 1, and C2 and C3 to 0. 

D9 is a signed value, and low 1 bit shall be 0. 
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Fig. 44 

settar C6, C4, 0 

C4. A 
(C3 B 
C2 C 
C6 j loop 

Flag 
instruction 

(b) 

Fig. 45 

int x100 y100, 

int func (int a, int b, int c) 

int i, 

for (i = 0; i K 100; i-H) 
yi = a -k Xi + b + i ; 

return t, 
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Fig. 46 

TOW rô, O 
d r10, (gp, xS - . MN. gptop) 

mov r4, 98 
Settar C6, C4: C2, L00014 
ld r9, (gp, y$ - . MN. gptop) 

L00014 y //2cycle/iterartion 
C2) add r5, r8, ré 
C3 mac m0, r8, r7, r0,r1 
C4 d r1, (r10+) 

(C2) add rG, rs, 1 
C2) St (r9+), r5 
C6 joop C6, tar, ra, -1 //L00014 

ret 
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Fig. 47 

jloop C6,C1:C4,TAR,Ra 

PC <- TAR; 

C1 <- C2, C2 <- C3, C3 <- C4 C6 <- C4; 

C4 <- (Ra>= 0)? 1:0; 

Ra <- Ra - sext(1); 

Behavior 

Used as part of loop. Following processing is performed: 

(1) Move C2 to C1, C3 to C2, and C4 to C3 and C6. 

(2) Add-1 to Ra, and store result in Ra. Set 0 to C4 when value 
held in Ra becomes smaller than 0. 

(3) Branch to address stored in TAR. Fill branch destination 
instruction, if there is no branch destination instruction filled in 
branch destination buffer. 

jloop C6, C1:C4, TAR,Ra 32bit synonym ClC2C4,C6,C3 - 
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Fig. 48 

settar C6, C1:C4.D9 
TAR <- PC + (sext(D98:1) <<1); 

C1 <- 0; C2 <- 0; C3 <- 0; C4 <- 1, C6 <-1; 

Following processing is performed: 

Behavior (1) Store address resulted from adding PC value to 
displacement value (D9) into TAR. 

(2) Fetch instruction corresponding to such address, and store 
it in branch destination buffer. 

(3) Set C4 and C6 to 1, and C1, C2 and C3 to 0. 

D9 is a signed value, and low 1 bit shall be 0. 
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Fig. 50 

r11, O 
ré, 0 
r10,(gp, XS-.M.N.gptop) 

ra, 98 
C6, C1: C4, LOOO14 
r9,(gp, yS-.MN.gptop) 

LOOO14 
C1) r12, r5, r11 
C2) r5, r8, ré 
(C3) m0, r8, r/, rO, r1 
C4 r7,(r10+) 

C1 r11, r11, 1 
C2) ré, re, 1 
IC1 (r9+), r12 
C6) C6, C1:C4, tar, ra //L00014 
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PROCESSOR AND COMPLER FOR 
DECODING AN INSTRUCTION AND 

EXECUTING THE INSTRUCTION WITH 
CONDITIONAL, EXECUTION FLAGS 

0001. This is a Rule 1.53(b) Divisional of Ser. No. 10/805, 
381, filed Mar. 22, 2004 

BACKGROUND OF THE INVENTION 

0002 (1) Field of the Invention 
0003. The present invention relates to a processor such as 
a DSP (Digital Signal Processor) and a CPU (Central Pro 
cessing Unit), as well as to a compiler that generates instruc 
tions executed by Such a processor. More particularly, the 
present invention relates to a processor and a compiler which 
are Suitable for performing signal processing for Sounds, 
images and others. 
0004 (2) Description of the Related Art 
0005 With the development in multimedia technologies, 
processors are increasingly required to be capable of high 
speed media processing represented by Sound and image 
signal processing. As existing processors responding to Such 
requirement, there exist Pentium(R/PentiumR III/Pentium 
4(R) MMX/SSE/SSE2 and others produced by the Intel Cor 
poration of the United States supporting SIMD (Single 
Instruction Multiple Data) instructions. Of these processors, 
MMX Pentium, for example, is capable of performing the 
same operations in one instruction on a maximum of eight 
integers stored in a 64-bit-long MMX register. 
0006 Such existing processors realize high-speed pro 
cessing by utilizing software pipelining, as described in the 
following: Mitsuru Ikei, IA-64 Processor Basic Course (IA 
64 Processor Kihon Koza), Tokyo: Ohmsha Ltd., 1999. FIG. 
4.32 p. 129. 
0007 FIG. 56 is a diagram showing the operation of an 
existing processor using 4-stage software pipelining. In order 
to implement Software pipelining, predicate flags used for 
predicates that indicate whether or not instructions should be 
executed are stored in a predicate register. In addition to this, 
the number of execution times until processing of the prolog 
phase in the Software pipelining ends is stored in the loop 
counter, whereas the number of execution times until process 
ing of the epilog phase in the Software pipelining ends is 
stored in the epilog counter. 
0008. However, the above-described existing processor 
manages the loop counter, the epilog counter and the predi 
cate register as individual hardware resources. Therefore, 
Such processor is required to be equipped with many 
resources, which results in large-scale circuits. 
0009 Moreover, a large-scale circuit means that the 
amount of power consumed by the processor becomes large. 

SUMMARY OF THE INVENTION 

0010. The present invention has been conceived in view of 
the above circumstances, and it is an object of the present 
invention to provide a processor whose circuitry scale is Small 
and which is capable of performing loop processing at a high 
speed while consuming a low amount of power. 
0011. In order to achieve the above object, the processor 
according to the present invention is a processor for decoding 
an instruction and executing said decoded instruction. The 
processor comprises: a flag register in which a plurality of 

Aug. 28, 2008 

conditional execution flags are stored, where the plurality of 
conditional execution flags are used as predicates for condi 
tional execution instructions; a decoding unit operable to 
decode an instruction; and an execution unit operable to 
execute the instruction decoded by the decoding unit. When 
the instruction decoded by the decoding unit is a loop instruc 
tion, an iteration of a loop to be executed terminates in the 
execution unit, based on a value of one of the plurality of 
conditional execution flags for an epilog phase in the loop in 
a case where the loop is unrolled into the conditional execu 
tion instructions by means of Software pipelining. 
0012. As described above, a judgment is made as to 
whether or not the loop iteration has terminated, based on a 
conditional execution flag in the epilog phase in the case 
where Such loop is unrolled into conditional execution 
instructions by means of Software pipelining. Accordingly, 
there is no need to use special hardware resources Such as a 
counter in order to judge whether or not the loop processing 
has terminated, and it becomes possible to prevent the cir 
cuitry scale from becoming large. This contributes to a reduc 
tion in the power consumption of the processor. 
0013 Moreover, the flag register may further store a loop 
flag which is used to judge whether or not the iteration has 
terminated, and the execution unit may set, to the loop flag, 
the value of the one of the plurality of conditional execution 
flags for the epilog phase. For example, the execution unit 
sets, to the loop flag in one cycle later in the epilog phase, the 
value of the conditional execution flag for a conditional 
execution instruction to be executed in an (N-2)th pipeline 
stage (where N is an integer greater than or equal to 3), in a 
case where the number of stages in the Software pipelining is 
N and the stages are counted up each time processing in the 
epilog phase finishes. 
0014. As described above, a judgment is made as to 
whether or not the loop has terminated by use of the value of 
a conditional execution flag that is specified according to 
which stage the software pipelining Such conditional execu 
tion flag is in. Accordingly, there is no need to use special 
hardware resources such as a counter in order to judge 
whether or not the loop processing has terminated, and it 
becomes possible to prevent the circuitry scale from becom 
ing large, regardless of how many stages are contained in 
Software pipelining. This contributes to a reduction in the 
power consumption of the processor. 
0015. Also, the processor according to the above configu 
ration may further comprise an instruction buffer for tempo 
rarily storing the instruction decoded by the decoding unit, 
and in Such processor, the decoding unit may be configured 
not to read out one of the conditional execution instructions 
from the instruction buffer until the loop terminates, when 
judging that the conditional execution instruction should not 
be executed based on the value of the one of the plurality of 
conditional execution flags for the epilog phase. 
0016. As described above, once a conditional execution 
instruction stops being executed in the epilog phase, the con 
ditional execution instruction will not be executed in the 
Software pipelining until the loop processing ends. Accord 
ingly, there is no need to read out the conditional execution 
instruction from the corresponding instruction buffer, which 
makes it possible for the processor to consume a small 
amount of power. 
0017. Meanwhile, the compiler according to another 
aspect of the present invention is a complier for translating a 
Source program into a machine language program for a pro 
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cessor which is capable of executing instructions in parallel. 
The complier comprises: a parser unit for parsing the Source 
program; an intermediate code conversion unit for converting 
the parsed source program into intermediate codes; an opti 
mization unit for optimizing the intermediate codes; and a 
code generation unit for converting the optimized intermedi 
ate codes into machine language instructions. The processor 
stores a plurality of flags which are used as predicates for 
conditional execution instructions, and the optimization unit, 
when the intermediate codes include a loop, places an instruc 
tion in a prolog phase in loop in a case where said loop is 
unrolled by means of software pipelining so that the instruc 
tion is to be executed immediately before the loop. 
0.018. As described above, an instruction to be executed 
immediately before a loop is placed in the prolog phase in the 
case where such loop is unrolled by means of software pipe 
lining. Accordingly, it becomes possible to reduce the number 
of empty stages in the Software pipelining, and therefore to 
execute a program at a high speed. Furthermore, it also 
becomes possible to reduce the amount of power consump 
tion of a processor that executes a program compiled by this 
compiler. 
0019. Also, the compiler according to another aspect of 
the present invention is a complier for translating a source 
program into a machine language program for a processor 
which is capable of executing instructions in parallel. The 
compiler comprises: a parser unit for parsing the Source pro 
gram; an intermediate code conversion unit for converting the 
parsed source program into intermediate codes; an optimiza 
tion unit for optimizing the intermediate codes; and a code 
generation unit for converting the optimized intermediate 
codes into machine language instructions. The processor 
stores a plurality of flags which are used as predicates for 
conditional execution instructions, and the optimization unit, 
when the intermediate codes include a conditional branch 
instruction, assigns the plurality of conditional execution 
flags so that a conditional execution flag which is used as a 
predicate for a conditional execution instruction in a case 
where a condition indicated by said conditional branch 
instruction is met, becomes different from a conditional 
execution flag used as a predicate for a conditional execution 
instruction in a case where the condition is not met. 

0020. As described above, even when an instruction to be 
executed when a predetermined condition is met and an 
instruction to be executed when the condition is not met are 
different as in the case of an if-else statement in the Clan 
guage, for example, different flags to be used as predicates 
shall be associated with the respective instructions. Accord 
ingly, it becomes possible to implement processing which is 
equivalent to a conditional branch instruction, simply by 
changing flag values. Since it is possible to realize a condi 
tional branch instruction through such simple processing, it 
becomes possible to reduce the amount of power consumed 
by a processor that executes a program compiled by this 
compiler. 
0021 Note that not only is it possible to embody the 
present invention as a processor that executes the above char 
acteristic instructions and a compiler that generates Such 
characteristic instructions, but also as an operation processing 
method to be applied on plural data elements, and as a pro 
gram that includes the characteristic instructions. In addition, 
it should also be noted that such program can be distributed 
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via a recording medium such as CD-ROM (Compact Disc 
Read Only Memory) and a transmission medium Such as the 
Internet. 
0022. As further information about the technical back 
ground to this application, Japanese Patent application No. 
2003-081132, filed on Mar. 24, 2003, is incorporated herein 
by reference. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0023 These and other objects, advantages and features of 
the invention will become apparent from the following 
description thereof when taken in conjunction with the 
accompanying drawings that illustrate a specific embodiment 
of the invention. In the Drawings: 
0024 FIG. 1 is a schematic block diagram showing a 
processor according to the present invention; 
0025 FIG. 2 is a schematic diagram showing arithmetic 
and logic/comparison operation units of the processor, 
0026 FIG.3 is a block diagram showing a configuration of 
a barrel shifter of the processor; 
0027 FIG. 4 is a block diagram showing a configuration of 
a converter of the processor, 
0028 FIG. 5 is a block diagram showing a configuration of 
a divider of the processor; 
0029 FIG. 6 is a block diagram showing a configuration of 
a multiplication/sum of products operation unit of the proces 
Sor, 
0030 FIG. 7 is a block diagram showing a configuration of 
an instruction control unit of the processor, 
0031 FIG. 8 is a diagram showing a configuration of gen 
eral-purpose registers (R0-R31) of the processor; 
0032 FIG.9 is a diagram showing a configuration of a link 
register (LR) of the processor, 
0033 FIG. 10 is a diagram showing a configuration of a 
branch register (TAR) of the processor; 
0034 FIG. 11 is a diagram showing a configuration of a 
program status register (PSR) of the processor, 
0035 FIG. 12 is a diagram showing a configuration of a 
conditional flag register (CFR) of the processor; 
0036 FIG. 13 is a diagram showing a configuration of 
accumulators (M0, M1) of the processor; 
0037 FIG. 14 is a diagram showing a configuration of a 
program counter (PC) of the processor; 
0038 FIG. 15 is a diagram showing a configuration of a 
PC save register (IPC) of the processor; 
0039 FIG. 16 is a diagram showing a configuration of a 
PSR save register (IPSR) of the processor; 
0040 FIG. 17 is a timing diagram showing a pipeline 
behavior of the processor; 
0041 FIG. 18 is a timing diagram showing each pipeline 
behavior when instructions are executed by the processor; 
0042 FIG. 19 is a diagram showing a parallel behavior of 
the processor, 
0043 FIG. 20A is a diagram showing a format of a 16-bit 
instruction executed by the processor, 
0044 FIG. 20B is a diagram showing a format of a 32-bit 
instruction executed by the processor, 
0045 FIGS. 21A and 21B are diagrams explaining 
instructions belonging to a category “ALUadd (addition) sys 
tem': 
0046 FIGS. 22A and 22B are diagrams explaining 
instructions belonging to a category “ALUSub (Subtraction) 
system': 
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0047 FIGS. 23A and 23B are diagrams explaining 
instructions belonging to a category “ALUlogic (logical 
operation) system and others'; 
0048 FIGS. 24A and 24B are diagrams explaining 
instructions belonging to a category “CMP (comparison 
operation) system': 
0049 FIGS. 25A and 25B are diagrams explaining 
instructions belonging to a category "mul (multiplication) 
system': 
0050 FIGS. 26A and 26B are diagrams explaining 
instructions belonging to a category “mac (Sum of products 
operation) system': 
0051 FIGS. 27A and 27B are diagrams explaining 
instructions belonging to a category “msu (difference of prod 
ucts) system': 
0052 FIGS. 28A and 28B are diagrams explaining 
instructions belonging to a category “MEMId (load from 
memory) system': 
0053 FIGS. 29A and 29B are diagrams explaining 
instructions belonging to a category "MEMStore (store in 
memory) system': 
0054 FIG.30 is a diagram explaining instructions belong 
ing to a category “BRA (branch) system': 
0055 FIGS. 31A and 31B are diagrams explaining 
instructions belonging to a category “BSasl (arithmetic barrel 
shift) system and others: 
0056 FIGS. 32A and 32B are diagrams explaining 
instructions belonging to a category "BSlsr (logical barrel 
shift) system and others: 
0057 FIG. 33A is a diagram explaining instructions 
belonging to a category “CNV valn (arithmetic conversion) 
system': 
0058 FIGS. 34A and 34B are diagrams explaining 
instructions belonging to a category “CNV (general conver 
sion) system': 
0059 FIG.35 is a diagram explaining instructions belong 
ing to a category "SATvlpk (saturation processing) system': 
0060 FIGS. 36A and 36B are diagrams explaining 
instructions belonging to a category “ETC (et cetera) sys 
tem': 
0061 FIG. 37 is a diagram explaining a detailed behavior 
of the processor when executing Instruction loop C6, Cm, 
TAR, Ra': 
0062 FIG.38 is a diagram explaining a detailed behavior 
of the processor when executing Instruction “settar C6, Cm, 
D9; 
0063 FIG. 39 is a diagram showing prolog/epilog removal 
2-stage Software pipelining; 
0064 FIG. 40 is a diagram showing a source program 
written in the C language; 
0065 FIG. 41 is a diagram showing an example machine 
language program to be generated by using Instruction loop 
and Instruction settar according to the present embodiment; 
0066 FIG. 42 is a diagram explaining a detailed behavior 
of the processor when executing Instruction loop C6, C2: 
C4, TAR, Ra': 
0067 FIG. 43 is a diagram explaining a detailed behavior 
of the processor when executing Instruction “settar, C6, C2: 
C4, D9': 
0068 FIG.44 is a diagram showing prolog/epilog removal 
3-stage Software pipelining; 
0069 FIG. 45 is a diagram showing a source program 
written in the C language; 
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0070 FIG. 46 is a diagram showing an example machine 
language program to be generated by using Instruction loop 
and Instruction settar according to the present embodiment; 
0071 FIG. 47 is a diagram explaining a detailed behavior 
of the processor when executing Instruction loop C6, C1: 
C4, TAR, Ra': 
0072 FIG. 48 is a diagram explaining a detailed behavior 
of the processor when executing Instruction “settar C6, C1: 
C4, D9': 
0073 FIG. 49 is a diagram showing a source program 
written in the C language; 
0074 FIG.50 is a diagram showing an example machine 
language program to be generated by using Instruction loop 
and Instruction settar according to the present embodiment; 
0075 FIG. 51 is a diagram showing a behavior to be per 
formed in 4-stage software pipelining that uses the loop and 
settar instructions shown respectively in FIGS. 47 and 48: 
0076 FIG. 52 is a diagram explaining an example method 
of setting a conditional flag C6 for Instruction loop shown in 
FIG. 47; 
0077 FIG. 53 is a diagram showing a behavior of 4-stage 
Software pipelining in which instructions to be executed 
before and after the loop are incorporated respectively into a 
prolog phase and an epilog phase; 
0078 FIG. 54 is a diagram explaining another example 
method of setting the conditional flag C6 for Instruction.jloop 
shown in FIG. 47: 
(0079 FIG. 55 is a diagram explaining further another 
example method of setting the conditional flag C6 for Instruc 
tion loop shown in FIG. 47; and 
0080 FIG. 56 is a diagram showing a behavior of an 
existing processor using 4-stage Software pipelining. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

I0081. An explanation is given for the architecture of the 
processor according to the present invention. The processor 
of the present invention is a general-purpose processor which 
has been developed targeting at the field of AV (Audio Visual) 
media signal processing technology, and instructions issued 
in this processor offer a higher degree of parallelism than in 
ordinary microcomputers. By being used as a core common to 
mobile phones, mobile AV devices, digital televisions, DVDs 
(Digital Versatile discs) and others, the processor can improve 
software reusability. Furthermore, this processor allows mul 
tiple high-performance media processes to be performed with 
high cost effectiveness, and provides a development environ 
ment for high-level languages intended for improving devel 
opment efficiency. 
I0082 FIG. 1 is a schematic block diagram showing the 
processor according to the present invention. The processor 1 
is comprised of an instruction control unit 10, a decoding unit 
20, a register file 30, an operation unit 40, an I/F (interface) 
unit 50, an instruction memory unit 60, a data memory unit 
70, an extended register unit 80, and an I/O (Input/Output) 
interface unit 90. 
I0083. The operation unit 40 includes arithmetic and logic/ 
comparison operation units 41-43 and 48, a multiplication/ 
sum of products operation unit 44, a barrel shifter 45, a 
divider 46, and a converter 47 for performing operations of 
SIMD instructions. The multiplication/sum of products 
operation unit 44 is capable of performing accumulation 
which results in a maximum of a 65-bit operation result, 
without lowering bit precision. The multiplication/sum of 
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products operation unit 44 is also capable of executing SIMD 
instructions as in the case of the arithmetic and logic/com 
parison operation units 41-43 and 48. Furthermore, the pro 
cessor 1 is capable of parallel execution of an arithmetic and 
logic/comparison operation instruction on a maximum of 
four data elements. 

0084 FIG. 2 is a schematic diagram showing the arith 
metic and logic/comparison operation units 41-43 and 48. 
Each of the arithmetic and logic/comparison operation units 
41-43 and 48 is made up of an ALU (Arithmetic and Logical 
Unit) 41a, a saturation processing unit 41b, and a flag unit 
41c. The ALU 41a includes an arithmetic operation unit 
(AU), a logical operation unit (LU), a comparator (CMP), and 
a TST. The bit widths of operation data to be supported by the 
ALU 41a are 8 bits (when using four operation units in 
parallel), 16 bits (when using two operation units in parallel) 
and 32 bits (when using one operation unit to process 32-bit 
data). For a result of an arithmetic operation, the flag unit 41c 
and the like detects an overflow and generates a conditional 
flag. For a result of each of the operation units, the comparator 
and the TST, an arithmetic shift right, saturation by the satu 
ration processing unit 41b, the detection of maximum/mini 
mum values, and absolute value generation processing are 
performed. 
0085 FIG.3 is a block diagram showing the configuration 
of the barrel shifter 45. The barrel shifter 45 is made up of 
selectors 45a and 45b, a higher bit barrel shifter 45c., a lower 
bit barrel shifter 45d., and a saturation processing unit 45e. 
This barrel shifter 45 executes an arithmetic shift of data (shift 
in the 2's complement number system) or a logical shift of 
data (unsigned shift). Usually, 32-bit or 64-bit data is inputted 
to and outputted from the barrel shifter 45. The amount of 
shifting data stored in the register 30a or 30b is specified by 
another register or according to its immediate value. The 
barrel shifter 45 performs an arithmetic or logical shift of 
input data in the range of left 63 bits and right 63 bits, and 
outputs data of the same bit length as that of the input data. 
I0086. The barrel shifter 45 is also capable of shifting 8-, 
16-, 32-, or 64-bit data in response to a SIMD instruction. For 
example, the barrel shifter 45 can shift four pieces of 8-bit 
data in parallel. 
0087. An arithmetic shift, which is a shift in the 2's 
complement number system, is performed for decimal point 
alignment at the time of addition and Subtraction, for multi 
plication of powers of 2 (the 1 power of 2, the 2" power of 
2, the -1 power of2, the -2" power of2) and otherpurposes. 
0088 FIG. 4 is a block diagram showing the configuration 
of the converter 47. The converter 47 includes a saturation 
block (SAT)47a, a BSEQ block 47b, an MSKGEN block 47c, 
aVSUMB block 47d, a BCNT block 47e, and an IL block 47f. 
0089. The saturation block (SAT) 47a performs saturation 
processing on input data. By having two blocks for perform 
ing saturation processing on 32-bit data, the saturation block 
(SAT) 47a supports a SIMD instruction executed on two data 
elements in parallel. 
0090. The BSEQ block 47b counts consecutive 0s or 1s 
from the MSB (Most Significant Bit). 
0091. The MSKGEN block 47c outputs a specified bit 
segment as 1, while outputting the others as 0. 
0092. The VSUMB block 47d divides the input data into 
specified bit widths, and outputs their total sum. 
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0093. The BCNT block 47e counts the number of bits in 
the input data specified as 1. 
(0094. The IL block 47fdivides the input data into specified 
bit widths, and outputs a value that results from exchanging 
the positions of data blocks. 
0.095 FIG. 5 is a block diagram showing the configuration 
of the divider 46. With a dividend being 64 bits and a divisor 
being 32 bits, the divider 46 outputs 32bit data as a quotient 
and a modulo, respectively. 34 cycles are involved for obtain 
ing a quotient and a modulo. The divider 46 can handle both 
singed and unsigned data. Note, however, that whether or not 
to signa dividendanda divisor is common between them. The 
divider 46 is also capable of outputting an overflow flag, and 
a 0 division flag. 
0096 FIG. 6 is a block diagram showing the configuration 
of the multiplication/sum of products operation unit 44. The 
multiplication/sum of products operation unit 44, which is 
made up of two 32-bit multipliers (MUL) 44a and 44b, three 
64-bit adders (Adder) 44c-44e, a selector 44f and a saturation 
processing unit (Saturation) 44g, performs the following mul 
tiplications and Sums of products: 

0097 Multiplication, sum of products, and difference 
of products on signed 32x32-bit data; 

0.098 Multiplication on signed 32x32-bit data; 
0099 Multiplication, sum of products, and difference 
of products on two signed 16x16-bit data in parallel; and 

0.100 Multiplication, sum of products, and difference 
of products on two 32x16-bit signed data in parallel. 

0101 The above operations are performed on data in inte 
ger and fixed point format (h1, h2, will, and w2). Also, the 
results of these operations are rounded and Saturated. 
0102 FIG. 7 is a block diagram showing the configuration 
of the instruction control unit 10. The instruction control unit 

10, which is made up of an instruction cache 10a, an address 
management unit 10b, instruction buffers 10c-10e and 10h, a 
jump buffer 10? and a rotation unit (rotation) 10g, issues 
instructions at ordinary times and at branch points. By having 
four 128-bit instruction buffers (the instruction buffers 10c 
10e and 10h), the instruction control unit 10 supports the 
maximum number of parallel instruction execution. Regard 
ing branch processing, the instruction control unit 10 stores, 
in advance, a branch target instruction into the jump buffer 10f 
and stores a branch target address into the below-described 
TAR register before performing a branch (settar instruction). 
Thus, the instruction control unit 10 performs the branch by 
using the branch target address stored in the TAR register and 
the branch target instruction stored in the jump buffer 10f. 
0103) Note that the processor 1 is a processor with a VLIW 
architecture. The VLIW architecture is an architecture that 
allows a plurality of instructions (e.g. load, Store, operation, 
and branch) to be stored in a single instruction word, and 
allows such instructions to be executed all at once. If a pro 
grammer describes a set of instructions which can be 
executed in parallel as a single issue group, it is possible for 
Such issue group to be processed in parallel. In this specifi 
cation, the delimiter of an issue group is indicated by "; 
Notational examples are described below. 
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Example 1 

01.04 mov r1, 0x23:: 
0105. This instruction description indicates that only an 
instruction “mov' shall be executed. 

Example 2 

01.06 mov r1, 0x38 
01.07 add ro, r1, r2 
01.08 sub r3, r1, r2: 
0109 These instruction descriptions indicate that three 
instructions of “mov', 'add and “sub’ shall be executed in 
parallel. 
0110. The instruction control unit 10 identifies an issue 
group and sends the identified issue group to the decoding 
unit 20. The decoding unit 20 decodes the instructions in the 
issue group, and controls resources required for executing 
Such instructions. 
0111. Next, an explanation is given for registers included 
in the processor 1. 
0112 Table 1 below lists a set of registers of the processor 
1. 

TABLE 1. 

Register name Bit width No. of registers Usage 
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eral-purpose registers R30 and R31 are used by hardware as a 
global pointer and a stack pointer, respectively. 
0115 FIG. 9 is a diagram showing the configuration of a 
link register (LR) 30c. In connection with this link register 
(LR) 30c, the processor 1 also has a save register (SVR) 
which is not illustrated in FIG.9. The link register (LR)30c is 
a 32-bit register in which a return address at the time of a 
function call is stored. Note that the save register (SVR) is a 
16-bit register for saving a conditional flag (CFR.CF) of the 
conditional flag register at the time of a function call. The link 
register (LR)30c is also used for the purpose of increasing the 
speed of loops, as in the case of a branch register (TAR) to be 
explained later. 0 is always read out from the low 1 bit of the 
link register (LR) 30c, and 0 must be written to the low 1 bit 
of the link register (LR) 30c at the time of writing. 
0116 For example, when executing “call (brl, jmpl)' 
instructions, the processor 1 saves a return address into the 
link register (LR) 30c and saves a conditional flag (CFR.CF) 
into the save register (SVR). When executing amp” instruc 
tion, the processor 1 fetches the return address (branch des 
tination address) from the link register (LR)30c, and restores 

RO-R31 32 bits 32 General-purpose registers. Used as data 
memory pointer, data storage at the time of 
operation instruction, and the like. 

TAR 32 bits 1 Branch register. Used as branch address 
storage at branch point. 

LR 32 bits 1 Link register. 
SVR 16 bits 2 Save register. Used for saving conditional flag 

(CFR) and various modes. 
MO-M1 64 bits 2 Operation registers. Used as data storage 
(MHO:MLO- when operation instruction is executed. 

0113 Table 2 below lists a set of flags (flags managed in a 
conditional flag register and the like described later) of the 
processor 1. 

a program counter (PC). Furthermore, when executing a "ret 
(impr) instruction, the processor 1 fetches the branch desti 
nation address (return address) from the link register (LR) 

TABLE 2 

Flag name Bit width No. of flags Usage 

CO-C7 1 8 Conditional flags. Indicate if condition is true or 
false. 

VCO-VC3 1 4 Conditional flags for media processing extension 
instruction. Indicate if condition is true or false. 

OVS 1 1 Overflow flag. Detects overflow at the time of 
operation. 

CAS 1 Carry flag. Detects carry at the time of operation. 
BPO 5 1 Specifies bit position. Specifies bit positions to be 

processed when mask processing instruction is 
executed. 

ALN 2 1 Specified byte alignment. 
FXP 1 Fixed point arithmetic mode. 
UDR 32 Undefined register. 

0114 FIG. 8 is a diagram showing the configuration of the 30c, and stores (restores) the branch destination address into 
general-purpose registers (R0-R31) 30a. The general-pur 
pose registers (R0–R31) 30a are a group of 32-bit registers 
that constitute an integral part of the context of a task to be 
executed and that store data or addresses. Note that the gen 

the program counter (PC). Moreover, the processor 1 fetches 
the conditional flag from the save register (SVR) so as to store 
(restore) the conditional flag into a conditional flag area CFR. 
CF in the conditional flag register (CFR) 32. 
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0117 FIG. 10 is a diagram showing the configuration of 
the branch register (TAR)30d. The branch register (TAR)30d 
is a 32-bit register in which a branch target address is stored, 
and which is used mainly for the purpose of increasing the 
speed of loops. 0 is always read out from the low 1 bit of the 
branch resister (TAR) 30d, and 0 must be written to the low 1 
bit of the branch resister (TAR) 30d at the time of writing. 
0118 For example, when executing imp' and loop' 
instructions, the processor 1 fetches a branch target address 
from the branch register (TAR) 30d, and stores the branch 
target address in the program counter (PC). When the instruc 
tion indicated by the address stored in the branch register 
(TAR) 30d is stored in a branch instruction buffer, a branch 
penalty will be 0. An increased loop speed can be achieved by 
storing the top address of a loop in the branch register (TAR) 
30d. 
0119 FIG. 11 is a diagram showing the configuration of a 
program status register (PSR)31. The program status register 
(PSR) 31, which constitutes an integral part of the context of 
a task to be executed, is a 32-bit register in which the follow 
ing processor status information are stored: 
0120 Bit SWE: indicates whether the switching of VMP 
(Virtual Multi-Processor) to LP (Logical Processor) is 
enabled or disabled. “O'” indicates that switching to LP is 
disabled and “1” indicates that switching to LP is enabled. 
0121 Bit FXP: indicates a fixed point mode. “0” indicates 
mode 0 and “1” indicates mode 1. 
0122 Bit IH: is an interrupt processing flag indicating 
Whether or not maskable interrupt processing is ongoing. “1” 
indicates that there is an ongoing interrupt processing and “O'” 
indicates that there is no ongoing interrupt processing. “1” is 
automatically set on the occurrence of an interrupt. This flag 
is used to make a distinction of which one of interrupt pro 
cessing and program processing is taking place at a point in 
the program to which the processor returns in response to a 
“rti' instruction. 
0123 Bit EH: is a flag indicating whether or not an error or 
anNMI is being processed. “O'” indicates that error processing 
or NMI interrupt processing is not ongoing and “1” indicates 
that error processing or NMI interrupt processing is ongoing. 
This flag is masked if an asynchronous error oranNMI occurs 
when EH=1. Meanwhile, whenVMP is enabled, plate switch 
ing of VMP is masked. 
(0.124 Bit PL 1:0: indicates a privilege level. “00” indi 
cates the privilege level 0, i.e. the processor abstraction level, 
“01 indicates the privilege level 1 (non-settable), “10 indi 
cates the privilege level 2, i.e. the system program level, and 
“11” indicates the privilege level3, i.e. the user program level. 
0125 BitLPIE3: indicates whether LP-specific interrupt 3 

is enabled or disabled. “1” indicates that an interrupt is 
enabled and “O'” indicates that an interrupt is disabled. 
0126 BitLPIE2: indicates whether LP-specific interrupt2 

is enabled or disabled. “1” indicates that an interrupt is 
enabled and “O'” indicates that an interrupt is disabled. 
0127 BitLPIE1: indicates whether LP-specific interrupt 1 

is enabled or disabled. “1” indicates that an interrupt is 
enabled and “O'” indicates that an interrupt is disabled. 
0128 BitLPIE0: indicates whether LP-specific interrupt 0 

is enabled or disabled. “1” indicates that an interrupt is 
enabled and “O'” indicates that an interrupt is disabled. 
0129 Bit AEE: indicates whether a misalignment excep 
tion is enabled or disabled. “1” indicates that a misalignment 
exception is enabled and “O'” indicates that a misalignment 
exception is disabled. 
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I0130 Bit IE: indicates whether a level interrupt is enabled 
or disabled. “1” indicates that a level interrupt is enabled and 
“O'” indicates a level interrupt is disabled. 
I0131 Bit IM 7:0: indicates an interrupt mask, and ranges 
from levels 0-7, each being able to be masked at its own level. 
Level 0 is the highest level. Of the interrupt requests which are 
not masked by any IMs, only the interrupt request with the 
highest level is accepted by the processor 1. When the inter 
rupt request is accepted, levels below the level of the accepted 
interrupt request are automatically masked by hardware. 
IMO denotes a mask of level 0, IM1 denotes a mask of 
level 1, IM2 denotes a mask of level 2, IM3 denotes a mask 
of level 3, IM4 denotes a mask of level 4, IMI5 denotes a 
mask of level 5, IMI6 denotes a mask of level 6, and IM7 
denotes a mask of level 7. 
I0132 reserved: indicates a reserved bit. 0 is always read 
out from “reserved. O must be written to “reserved at the 
time of writing. 
0.133 FIG. 12 is a diagram showing the configuration of 
the conditional flag register (CFR) 32. The conditional flag 
register (CFR) 32, which constitutes an integral part of the 
context of a task to be executed, is a 32-bit register made up of 
conditional flags, operation flags, vector conditional flags, an 
operation instruction bit position specification field, and a 
SIMD data alignment information field. 
0.134 Bit ALN 1:0: indicates an alignment mode. An 
alignment mode of “valnvc' instruction is set. 
I0135 Bit BPO 4:0: indicates a bit position. It is used in 
an instruction that requires a bit position specification. 
(0.136 Bit VC0-VC3: are vector conditional flags. Starting 
from a byte on the LSB (Least Significant Bit) side or a half 
word through to the MSB side, each corresponds to a flag 
ranging from VC0 through VC3. 
0.137 Bit OVS: is an overflow flag (summary). It is set on 
the detection of saturation and overflow. If not detected, a 
value before the execution of the instruction is retained. 
Clearing of this flag needs to be carried out by software. 
0.138 Bit CAS: is a carry flag (summary). It is set when a 
carry occurs under an “addic' instruction, or when a borrow 
occurs under a 'subc' instruction. If there is no occurrence of 
a carry under an “addic' instruction or a borrow under a “subc' 
instruction, a value before the execution of the instruction is 
retained as the Bit CAS. Clearing of this flag needs to be 
carried out by software. 
I0139 Bit C0-C7: are conditional flags. The value of the 
flag C7 is always 1. A reflection of a FALSE condition (writ 
ing of 0) made to the flag C7 is ignored. 
0140 reserved: indicates a reserved bit. 0 is always read 
out from “reserved. O must be written to “reserved at the 
time of writing. 
0141 FIGS. 13(a) and (b) are diagrams showing the con 
figuration of accumulators (M0, M1)30b. Such accumulators 
(M0, M1)30b, which constitute an integral part of the context 
of a task to be executed, are made up of a 32-bit register 
MHO-MH1 (register for multiply and divide? sum of products 
(the higher 32 bits)) shown in (a) in FIG. 13 and a 32-bit 
register MLO-ML1 (register for multiply and divide? sum of 
products (the lower 32 bits)) shown in (b) in FIG. 13. 
0142. The register MHO-MH1 is used for storing the 
higher 32 bits of an operation result at the time of a multiply 
instruction, whereas the register MH0-MH1 is used as the 
higher 32 bits of the accumulators at the time of a sum of 
products instruction. Moreover, the register MHO-MH1 can 
be used in combination with the general-purpose registers in 
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the case where a bit stream is handled. Meanwhile, the reg 
ister MLO-ML1 is used for storing the lower 32 bits of an 
operation result at the time of a multiply instruction, whereas 
the register ML0-ML1 is used as the lower 32 bits of the 
accumulators at the time of a Sum of products instruction. 
0143 FIG. 14 is a diagram showing the configuration of a 
program counter (PC) 33. This program counter (PC) 33, 
which constitutes an integral part of the context of a task to be 
executed, is a 32-bit counter that holds the address of an 
instruction being executed. “O'” is always stored in the low 1 
bit of the program counter (PC) 33. 
014.4 FIG. 15 is a diagram showing the configuration of a 
PC save register (IPC) 34. This PC save register (IPC) 34, 
which constitutes an integral part of the context of a task to be 
executed, is a 32-bit register. “O'” is always read out from the 
low 1 bit of the PC save register (IPC)34. “0” must be written 
to the low 1 bit of the PC save register (IPC) 34 at the time of 
writing. 
0145 FIG. 16 is a diagram showing the configuration of a 
PSR save register (IPSR) 35. This PSR save register (IPSR) 
35, which constitutes an integral part of the context of a task 
to be executed, is a 32-bit register for saving the program 
status register (PSR)31.0 must be always read out from a part 
in the PSR save register (IPSR) 35 corresponding to a 
reserved bit in the program status register (PSR) 31, and 0 
must be written to a part in the PSR save register (IPSR) 35 
corresponding to a reserved bit in the program status register 
(PSR)31 at the time of writing. 
0146 Next, an explanation is given for the memory space 
of the processor 1. In the processor 1, a linear memory space 
with a capacity of 4GB is divided into 32 segments, and an 
instruction SRAM (Static RAM) and a data SRAM are allo 
cated to 128-MB segments. With a 128-MB segment serving 
as one block, a target block to be accessed is set in a SAR 
(SRAM Area Register). A direct access is made to the instruc 
tion SRAM/data SRAM when the accessed address is a seg 
ment set in the SAR, but an access request shall be issued to 
a bus controller (BUC) when such address is not a segment set 
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in the SAR. An on chip memory (OCM), an external memory, 
an external device, an I/O port and others are connected to the 
BUC. The processor 1 is capable of reading/writing data from 
and to these devices. 
0147 FIG. 17 is a timing diagram showing the pipeline 
behavior of the processor 1. As illustrated in FIG. 17, the 
pipeline of the processor 1 basically consists of the following 
five stages: instruction fetch; instruction assignment (dis 
patch); decode; execution; and writing. 
0148 FIG. 18 is a timing diagram showing each stage of 
the pipeline behavior of the processor 1 at the time of execut 
ing an instruction. In the instruction fetch stage, an access is 
made to an instruction memory which is indicated by an 
address specified by the program counter (PC) 33, and the 
instruction is transferred to the instruction buffers 10c-10e 
and 10h, and the like. In the instruction assignment stage, the 
output of branch target address information in response to a 
branch instruction, the output of an input register control 
signal, and the assignment of a variable length instruction are 
carried out, which is followed by the transfer of the instruc 
tion to an instruction register (IR). In the decode stage, the 
instruction stored in the IR is inputted to the decoding unit 20, 
from which an operation unit control signal and a memory 
access signal are outputted. In the execution stage, an opera 
tion is executed and the result of the operation is outputted 
either to the data memory or the general-purpose registers 
(R0-R31) 30a. In the writing stage, a value obtained as a 
result of data transfer, and the operation results are stored in 
the general-purpose registers. 
0149. The VLIW architecture of the processor 1 allows 
parallel execution of the above processing on a maximum of 
four data elements. Therefore, the processor 1 performs par 
allel execution as shown in FIG. 18 at the timing shown in 
FIG. 19. 
0150. Next, an explanation is given for a set of instructions 
executed by the processor 1 with the above configuration. 
0151 Tables 3-5 list categorized instructions to be 
executed by the processor 1. 

TABLE 3 

Operation 
Category unit Instruction operation code 

Memory move M ld,ldh,ldhu,ldb.ldbu,ldp.ldhp.ldbp.ldbh, 
instruction (load) ldbuh,ldbhp.ldbuhp 
Memory move M St.Sth,stb.stpsthp.stbp.stbh,stbhp 
instruction (store) 
Memory move M dprefloistb 
instruction (others) 
External register M rdrde.wt,wte 
move instruction 
Branch instruction B br,bricallimp.mplimprretjmpfloop, 

setbb.setlir.settar 
Software interrupt B rtipi OpiOlpi1 pillpi2.pi2lpi3.pi3.pi4, 
instruction pi4-lpi5pi51.pi6.pi6lpit.pi/Isc0,sc1. Sc2, 

Sc3,Sc4.Sc.5,Sc6,Sc7 
VMP/interrupt B intol,inte.vmpsleep.Vmpsus.vmpSwd.vmpSwe, 
control instruction Vmpwait 
Arithmetic operation A. abs,absvh,absww.addaddarvw.addic,addimsk, 
instruction adds, addsr, addu,addvh,addvw.neg, 

negvh.negvw.rsubs1adds2addSub, 
Subc,Submsk, Subs,Subvh,Subww.max, 
min 

Logical operation A. and,andin,orsethi,xor, not 
instruction 
Compare instruction A. cmpCC.cmpCCacimpCCn,cmpCCotstn, 
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Operation 
Category unit Instruction operation code 

SIMD multiply X2 wfmulhwfmulhr,wfmulw.vhfmulh, vhfmulhr, 
instruction vhfmulwvhmul,vlfmulh,vlfimulhr,vlfmulw, 

vlmul,Vmulvpfmulhww.vxfmulh, 
vXfmulhr,VXfmulw.vxmul 

SIMDSum of X2 Vfmach,VfmachrVfmacw.vhfmach, vhfmachir, 
products instruction vhfmacw.vhmac, Vlfmach,Vlfmachir, 

vlfmacw.vlmac.vmac, vpfmachww.VXfmach, 
VXfmachir.VXfmacw.VXmac 

SIMD difference of X2 
products instruction 

0152. Note that “Operation units” in the above tables refer 
to operation units used in the respective instructions. More 
specifically, 'A' denotes an ALU instruction, “B” denotes a 
branch instruction, 'C' denotes a conversion instruction, 
“DIV' denotes a divide instruction, “DBGM denotes a 
debug instruction, “M” denotes a memory access instruction, 
“S1 and “S2’ denote a shift instruction, and “X1 and “X2' 
denote a multiply instruction. 
0153 FIG. 20A is a diagram showing the format of a 
16-bit instruction executed by the processor 1, and FIG. 20B 
is a diagram showing the format of a 32-bit instruction 
executed by the processor 1. 
0154 The following describes the meaning of the acro 
nyms used in the diagrams: “E/is an end bit (boundary of 
parallel execution); “F” is a format bit (00, 01, 10: 16-bit 
instruction format, 11: 32-bit instruction format); “P” is a 
predicate (execution condition: one of the eight conditional 
flags CO-C7 is specified): “OP” is an operation code field; “R” 
is a register field; “I” is an immediate value field; and “D” is 
a displacement field. Note that an “E” field is unique to VLIW, 
and an instruction corresponding to E=0 is executed in par 
allel with the next instruction. In other words, the “E” field 
realizes VLIWs whose degree of parallelism is variable. Fur 
thermore, predicates, which are flags for controlling whether 
or not to execute an instruction based on values of the condi 
tional flags CO-C7, serve as a technique that allows instruc 
tions to be selectively executed without using a branch 
instruction and therefore accelerates the speed of processing. 
0155 For example, when the conditional flag C0 indicat 
ing a predicate in an instruction is 1, the instruction being 
assigned the conditional flag C shall be executed, whereas 
when the conditional flag C0 is 0, such instruction shall not be 
executed. 
0156 FIGS. 21A-36B are diagrams explaining an out 
lined functionality of the instructions executed by the proces 
sor 1. More specifically, FIGS. 21A and 21B explain instruc 
tions belonging to the category “ALUadd (addition) system) 

; FIGS. 22A and 22B explain instructions belonging to the 
category “ALUsub (subtraction) system): FIGS. 23A and 
23B explain instructions belonging to the category “ALU 
logic (logical operation) system and others'; FIGS. 24A and 
24B explain instructions belonging to the category “CMP 
(comparison operation) system'; FIGS. 25A and 25B explain 
instructions belonging to the category "mul (multiplication) 
system: FIGS. 26A and 26B explain instructions belonging 
to the category “mac (Sum of products operation) system': 
FIGS. 27A and 27B explain instructions belonging to the 
category “msu (difference of products) system: FIGS. 28A 

and 28B explain instructions belonging to the category 
“MEMId (load from memory) system'; FIGS. 29A and 29B 
explain instructions belonging to the category “MEMstore 
(store in memory) system'; FIG. 30 explains instructions 
belonging to the category “BRA (branch) system: FIGS. 
31A and 31B explain instructions belonging to the category 
“BSasl (arithmetic barrel shift) system and others'; FIGS. 
32A and 32B explain instructions belonging to the category 
“BSlsr (logical barrel shift) system and others'; FIG. 33 
explains instructions belonging to the category “CNVvaln 
(arithmetic conversion) system: FIGS. 34A and 34B explain 
instructions belonging to the category “CNV (general con 
version) system’: FIG. 35 explains instructions belonging to 
the category "SATvlpk (Saturation processing) system'; and 
FIGS. 36A and 36B explain instructions belonging to the 
category “ETC (et cetera) system’. 
0157. The following describes the meaning of each item in 
these diagrams: “SIMD indicates the type of an instruction 
(distinction between SISD (SINGLE) and SIMD); “Size” 
indicates the size of an individual operand to be an operation 
target: “Instruction' indicates the operation code of an 
instruction: “Operand’ indicates the operands of an instruc 
tion: “CFR indicates a change in the conditional flag regis 
ter; "PSR indicates a change in the processor status register; 
“Typical behavior” indicates the overview of a behavior; 
“Operation unit' indicates an operation unit to be used; and 
“3116' indicates the size of an instruction. 

0158 Next, the behavior of the processor 1 when execut 
ing some of the characteristic instructions is explained. Note 
that tables 6-10 describe the meaning of each symbol used to 
explain the instructions. 

TABLE 6 

Symbol Meaning 

Xi Bit number i of X 
Xi: Bit number to bit number i of X 
XY Concatenated X and Y 
{n{X}} in repetitions of X 
sextMCX.N) Sign-extend X from N bit width to M bit width. 

Default of M is 32. 
Default of N is all possible bit widths of X. 

uextMCX.N) Zero-extend X from N bit width to Mbit width. 
Default of M is 32. 
Default of N is all possible bit widths of X. 

SmulcK,Y) Signed multiplication X* Y 
umul(X,Y) Unsigned multiplication X*Y 
sdiv(X,Y) Integer part in quotient of signed division X Y 
Smod(X,Y) Modulo with the same sign as dividend. 
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TABLE 7-continued 

Symbol Meaning 

Rc3 Rc331:0 Register numbered c3 (O <= c3 <= 7) 
Rc3+1 R(c3+1)31:0 Register numbered c3+1 (0 <= c3 <= 6) 
Rx Rx31:0 Register numbered X (0 <= x <= 3) 

TABLE 8 

Symbol Meaning 

-- Addition 
Subtraction 

& Logical AND 
Logical OR 
Logical NOT 

<< Logical shift left (arithmetic shift left) 
>> Arithmetic shift right 
>>> Logical shift right 
- Exclusive OR 

-- Logical NOT 
:: Equal 

= Not equal 
Greater than 
Signed (regard left-and right-part MSBS as sign) 

>= Greater than or equal to 
Signed (regard left-and right-part MSBS as sign) 

>(u) Greater than 
Unsigned (Not regard left-and right-part MSBs assign) 

>=(u) Greater than or equal to 
Unsigned (Not regard left-and right-part MSBs assign) 

< Less than 
Signed (regard left-and right-part MSBS as sign) 

<= Less than or equal to 
Signed (regard left-and right-part MSBS as sign) 

<(u) Less than 
Unsigned (Not regard left-and right-part MSBs assign) 

<=(u) Less than or equal to 
Unsigned (Not regard left-and right-part MSBs assign) 

TABLE 9 

Meaning 

Symbol Meaning 

udiv(X,Y) Quotient of unsigned division X | Y 
umod(X,Y) Modulo 
abs(X) Absolute value 
bseqCX,Y) for (i-0; i32; i++) { 

if (X(31-i =Y) break; 

result = i. 
bcnt(X,Y) S = 0; 

for (i-0; i32; i++) { 
if (XIi ==Y) S++: 

result = S: 
max(X,Y) result = (X >Y)? X:Y 
min(X,Y) result = (X <Y)? X: Y: 
tstzCX,Y) X&Y == 
tstn(X,Y) X&Y = O 

TABLE 7 

Symbol Meaning 

Ra Ra31:0 Register numbered a (0 <= a <= 31) 
Ra-1 R(a+1)31:0 Register numbered a+1 (0 <= a <= 30) 
Rb Rb|31:0 Register numbered b (O <= b &= 31) 
Rb+1 R(b+1)(31:0 Register numbered b+1 (O <= b &= 30) 
Ric Rc31:0 Register numbered c (0 <= c <= 31) 
Ric-1 R(c+1)31:0 Register numbered c-1 (0 <= c <= 30) 
Ra2 Ra231:0 Register numbered a2 (0 <= a2 <= 15) 
Ra2+1 R(a2+1)31:0 Register numbered a2+1 (0 <= a2 <= 14) 
Rb2 Rb231:0 Register numbered b2 (O <= b2 <= 15) 
Rb2+1 R(b2+1)31:0 Register numbered b2+1 (0 <= b2 <= 14) 
Rc2 Rc231:0 Register numbered c2 (0 <= c2 <= 15) 
Rc2+1 R(c2+1)31:0 Register numbered c2+1 (0 <= c2 <= 14) 
Ra3 Ra331:0 Register numbered a3 (O <= a3 <= 7) 
Ra3+1 R(a3+1)31:0 Register numbered a3+1 (0 <= a3 <= 6) 
Rb3 Rb331:0 Register numbered b3 (O <= b3 <= 7) 
Rb3+1 R(b3+1)31:0 Register numbered b3+1 (0 <= b3 <= 6) 

Symbol 

D(addr) 
W(addr) 
H(addr) 
B(addr) 
B(addr,bus lock) 

B(addr,bus unlock) 

EREG(num) 
EREG ERR 

Double word data corresponding to address “addr” in Memory 
Word data corresponding to address “addr” in Memory 
Half data corresponding to address “addr' in Memory 
Byte data corresponding to address “addr” in Memory 
Access byte data corresponding to address addr in Memory, 
and lock used bus concurrently 
(unlockable bus shall not be locked) 
Access byte data corresponding to address addr in Memory, 
and unlock used bus concurrently 
(unlock shall be ignored for unlockable bus and 
bus which has not been locked) 
Extended register numbered “num 
To be 1 if error occurs when immediately previous access 
is made to extended register. 
To be 0, when there was no error. 
Write result 
Synonym of instruction (translated by assembler) 
Register number of general-purpose register Ra(5-bit value) 
Prefix of hexadecimal numbers 
Prefix of binary numbers 
Temporally variable 
Undefined value (value which is implementation-dependent 
value or which varies dynamically) 
Displacement value 

(n is a natural value indicating the number of bits) 
Immediate value 

(n is a natural value indicating the number of bits) 
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TABLE 10 

OExplanation for syntax 
if (condition) { 

Executed when condition is met; 
else { 

Executed when condition A is met, if (condition A); 
when condition A is not met 
for (Expression1;Expression2:Expression3) 
(Expression1)? Expression2:Expression3 
OExplanation for terms 
The following explains terms used for explanations: 
Integer multiplication Multiplication defined as “Smul' 
Fixed point multiplication 
Arithmetic shift left is performed 
PSR.FXP is 0, the amount of shi 
2 bits. 
SIMD operation straight cross high flow pair 

Higher 16 bits and lower 16 bits of half word vector data 
is RH and RL, respectively. In the case of operations performed 
between Ra register and Rb register, each operation is defined as 
follows: 

straight 

Executed when condition is not met; 

* Not executed 

*Same as C language 
*Same as C language 

after integer operation. When 
is 1 bit, and when PSR.FXP is 1, 

Operation is performed between RHa and RHb, and 
La and RLb 
peration is performed between RHa and RLb, and 
La and RHb 
peration is performed between RHa and RHb, and 

RLa and RHb 
peration is performed between RHa and RLb, and 
La and RLb 
peration is performed between RH and RHb, and 

RH and RLb (RH is 32-bit 
data) 

COSS O 
R 

high O 

low 

pair 

0159. Instruction loop, settar 
0160 Instruction loop is an instruction for performing a 
branch and setting conditional flags (predicates, here) in a 
loop. For example, when 
(0161 loop C6, Cm, TAR, Ra 
the processor 1 behaves as follows, by using the address 
management unit 10b and others: (i) sets 1 to the conditional 
flag Cm; (ii) sets 0 to the conditional flag C6 when the value 
held in the register Ra is smaller than 0; (iii) adds -1 to the 
value held in the register Ra and stores the result into the 
register Ra; and (iv) branches to an address specified by the 
branch register (TAR) 30d. When not filled with a branch 
instruction, the jump buffer 10f (branch instruction buffer) 
will be filled with a branch target instruction. A detailed 
behavior is as shown in FIG. 37. 
0162 Meanwhile, Instruction settar is an instruction for 
storing a branch target address into the branch register (TAR) 
30d, and setting conditional flags (predicates, here). For 
example, when 
(0163 settar C6, Cm, D9 
the processor 1 behaves as follows, by using the address 
management unit 10b and others: (i) stores an address that 
results from adding the value held in the program counter 
(PC) 33 and a displacement value (D9) into the branch reg 
ister (TAR) 30d; (ii) fetches the instruction corresponding to 
such address and stores the instruction into the jump buffer 
10f(branch instruction buffer); and (iii) sets the conditional 
flag C6 to 1 and the conditional flag Cm to 0. A detailed 
behavior is as shown in FIG. 38. 
0164. These instructions loop and settar, which are usu 
ally used in pairs, are effective for increasing the speed of a 
loop in prolog/epilog removal Software pipelining. Note that 
Software pipelining, which is a technique used by a compiler 
to increase a loop speed, allows an efficient parallel execution 
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of a plurality of instructions by converting a loop structure 
into a prolog phase, a kernel phase and an epilog phase, and 
by overlapping each iteration with the previous and following 
iterations in the kernel phase. 
0.165. As shown in FIG. 39, “prolog/epilog removal is 
intended to visually remove the prolog phase and epilog 
phase by using the prolog phase and the epilog phase as 
conditional execution instructions to be performed in accor 
dance with predicates. In prolog/epilog removal 2-stage soft 
ware pipelining shown in FIG. 39, the conditional flags C6 
and C4 are illustrated as predicates for an epilog instruction 
(Stage 2) and a prolog instruction (Stage 1), respectively. 
0166 For example, when the above-described loop and 
settar instructions are used in a source program written in the 
Clanguage shown in FIG.40, a compiler generates a machine 
language program shown in FIG. 41 by means of prolog/ 
epilog removal Software pipelining. 
0.167 As indicated by the loop part in such a machine 
language program (Label L00023-Instruction loop), setting 
and resetting of the conditional flag C4 is carried out in an 
Instruction loop and Instruction settar, respectively. Accord 
ingly, there is no need for special instructions for Such pro 
cessing, thereby enabling the loop execution to end in two 
cycles. 
0.168. Note that the processor 1 is capable of executing the 
following instructions which are applicable not only to 
2-stage software pipelining, but also to 3-stage Software pipe 
lining: Instruction loop C6, C2: C4, TAR, Ra' and Instruc 
tion “settar C6, C2: C4, D9'. These instructions loop C6, 
C2: C4, TAR, Ra'and “settar C6, C2: C4, D9 are equivalent 
to instructions in which the register Cm in the above-de 
scribed 2-stage instructions loop C6, Cm, TAR, Ra' and 
“settar C6, Cm, D9 is extended to the registers C2, C3 and 
C4. 
0169. To put it another way, when 
(0170 loop C6, C2: C4, TAR, Ra 
the processor 1 behaves as follows, by using the address 
management unit 10b and others: (i) sets the conditional flag 
C4 to 0 when the value held in the register Ra is smaller than 
0; (ii) moves the value of the conditional flag C3 to the 
conditional flag C2 and moves the value of the conditional 
flag C4 to the conditional flags C3 and C6; (iii) adds -1 to the 
register Ra and stores the result into the register Ra; and (iv) 
branches to an address specified by the branch register (TAR) 
30d. When not filled with a branch instruction, the jump 
buffer 10f (branch instruction buffer) will be filled with a 
branch target instruction. A detailed behavior is as shown in 
FIG. 42. 

(0171 Also, when 
(0172 settar C6, C2: C4, D9 
the processor 1 behaves as follows, by using the address 
management unit 10b and others: (i) stores, into the branch 
register (TAR) 30d, an address that results from adding the 
value held in the program counter (PC) 33 and a displacement 
value (D9); (ii) fetches the instruction corresponding to such 
address and stores the instruction into the jump buffer 10f 
(branch instruction buffer); and (iii) sets the conditional flags 
C4 and C6 to 1 and the conditional flags C2 and C3 to 0. A 
detailed behavior is as shown in FIG. 43. 

(0173 FIGS. 44(a) and (b) show the role of the conditional 
flags in the above 3-stage instructions loop C6, C2: C4. 
TAR, Ra' and “settar C6, C2: C4, D9”. As shown in (a) in 
FIG. 44, in prolog/epilog removal 3-stage Software pipelin 
ing, the conditional flags C2, C3 and C4 serve as predicates 
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for Stage 3, Stage 2 and Stage 1, respectively. FIG. 44(b) is a 
diagram showing how instruction execution is carried out 
when moving flags in Such a case. 
0.174 For example, when the above-described loop and 
settar instructions shown respectively in FIGS. 42 and 43 are 
used in a source program written in the C language shown in 
FIG. 45, a compiler generates a machine language program 
shown in FIG. 46 by means of epilog removal software pipe 
lining. 
0.175. Note that the processor 1 is also capable of execut 
ing the following instructions which are applicable to 4-stage 
software pipelining: Instruction loop C6, C1: C4, TAR, Ra' 
and Instruction “settar C6, C1: C4, D9'. 
0176) To put it another way, when 
(0177 loop C6, C1: C4, TAR, Ra 
the processor 1 behaves as follows, by using the address 
management unit 10b and others: (i) sets the conditional flag 
C4 to 0 when the value held in the register Ra is smaller than 
0; (ii) moves the value of the conditional flag C2 to the 
conditional flag C1, moves the value of the conditional flag 
C3 to the conditional flag C2, and moves the value of the 
conditional flag C4 to the conditional flags C3 and C6; (iii) 
adds -1 to the register Ra and stores the result into the register 
Ra; and (iv) branches to an address specified by the branch 
register (TAR) 30d. When not filled with a branch target 
instruction, the jump buffer 10fwill be filled with a branch 
target instruction. A detailed behavior is as shown in FIG. 47. 
0178 Meanwhile, Instruction settar is an instruction for 
storing a branch target address into the branch register (TAR) 
30d as well as for setting conditional flags (predicates, here). 
(0179 For example, when 
0180 settar C6, C1: C4, D9 
the processor 1 behaves as follows, by using the address 
management unit 10b and others: (i) stores an address 
resulted from adding the value held in the program counter 
(PC) 33 and a displacement value (D9) into the branch reg 
ister (TAR) 30d; (ii) fetches the instruction corresponding to 
such address and stores the instruction into the jump buffer 
10f(branch instruction buffer); and (iii) sets the conditional 
flags C4 and C6 to 1 and the conditional flags C1, C2 and C3 
to 0. A detailed behavior is as shown in FIG. 48. 
0181 For example, when the above-described loop and 
settar instructions shown respectively in FIGS. 47 and 48 are 
used in a source program written in the C language shown in 
FIG. 49, a compiler generates a machine language program 
shown in FIG. 50 by means of epilog removal software pipe 
lining. 
0182 FIG. 51 is a diagram showing the behavior to be 
performed in 4-stage Software pipelining that uses loop and 
settar instructions shown respectively in FIGS. 47 and 48. 
0183 In order to implement 4-stage software pipelining, 
the conditional flags C1-C4 are used as predicates, each of 
which indicates whether or not to execute an instruction. 
Instructions A, B, C, and Dare instructions to be executed in 
the first, second, third, and fourth stages in the Software 
pipelining, respectively. Furthermore, the instructions A, B, 
C, and Dare associated with the conditional flags C4, C3, C2, 
and C1, respectively. Also, Instruction loop is associated 
with the conditional flag C6. 
0184 FIG. 52 is a diagram for explaining an example 
method of setting the conditional flag C6 for the Instruction 
jloop shown in FIG. 47. This method utilizes the following 
characteristic: in the case where the number of software pipe 
lining stages is 'N' Stages (where 'N' is an integer greater 
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than or equal to 3) when a loop to be executed is unrolled into 
conditional execution instructions by means of software pipe 
lining, the loop ends in the next cycle of a cycle in which a 
conditional flag corresponding to the conditional execution 
instruction to be executed in the (N-2) th pipeline stage in the 
epilog phase, becomes 0. 
0185. Therefore, in the prolog phase and kernel phase in 
the loop processing, (i) the value of the conditional flag C6 is 
always set to 1, (ii) the value of the conditional flag C3 (being 
a conditional flag corresponding to the conditional execution 
instruction to be executed in the (N-2)th stage in the software 
pipelining) is monitored from when the epilog phase is 
entered, and (iii) the value of the conditional flag C3 is set to 
the conditional flag C6 which is in one cycle later. With the 
above configuration, the conditional flag C6 assigned to 
Instruction loop is set to 0 at the end of the loop processing, 
making it possible for the processor 1 to exit from the loop. 
For example, in an example of the machine language program 
shown in FIG.50, when the value of the conditional flag C6 
becomes 0, not Instruction loop C6, C1: C4, TAR, R4” but 
Instruction “ret” being placed next to it is to be executed, 
which makes it possible for the processor 1 to exit from the 
loop. 
0186 Note that, as shown in FIG. 51, when the value of a 
certain conditional flag becomes 0 in the epilog phase, the 
value of such conditional flag remains to be 0 until the loop 
processing ends. This means that the conditional execution 
instruction corresponding to the conditional flag in question 
is not to be executed until the end of the loop. For example, 
when the value of the conditional flag C4 becomes 0 in the 
fifth cycle, the value of such conditional flag C4 remains to be 
0 until the seventh cycle in which the loop ends. Therefore, 
the instruction A that corresponds to the conditional flag C4 is 
not to be executed from the fifth cycle to the seventh cycle. 
0187 Thus, when a conditional flag becomes 0 in the 
epilog phase, a control may be performed so that no instruc 
tion will be read out, until the loop processing ends, from the 
instruction buffer 10c (10d, 10e, and 10h) in which the 
instruction corresponding to such conditional flag is stored. 
0188 Meanwhile, a part of each instruction indicates the 
number of a conditional flag. Accordingly, the decoding unit 
20 may read out only the number of a conditional flag from 
the corresponding instruction buffer 10c (10d., 10e, and 10h), 
and check the value of the conditional flag based on Such 
read-out number, so that the decoding unit 20 will not read out 
instructions from the instruction buffer 10c (10d., 10e, and 
10h) when the value of the conditional flag is 0. 
(0189 Furthermore, as shown in FIG. 53, instructions to be 
executed before and after the loop may be placed respectively 
in the prolog and epilog phases for execution. For example, 
the conditional flag C5 is assigned to an instruction X to be 
executed immediately before the loop and to an instruction Y 
to be executed immediately after the loop, so as to have such 
instructions X and Y executed in empty stages in the epilog 
and prolog phases. Accordingly, it becomes possible to 
reduce the number of empty stages in the epilog and prolog 
phases. 
0190. Moreover, in the case where different instructions 
are executed depending on whether or not a predetermined 
condition is true, as in the case of an if-else statement in the C 
language, different conditional flags shall be used for a con 
ditional execution instruction to be executed when the con 
dition is true and for a conditional execution instruction to be 
executed when the condition is false, so that the value of each 
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conditional flag can be changed depending on a condition. 
Through such simple processing, it becomes possible to real 
ize a conditional branch instruction. 
0191 Also, the below-described method of setting the 
conditional flag C6 may be used instead of the method of 
setting thejloop instruction conditional flag C6 shown in FIG. 
52. FIG. 54 is a diagram for explaining another example 
method of setting the conditional flag C6 for the Instruction 
jloop shown in FIG. 47. This method utilizes the following 
characteristic: in the case where the number of software pipe 
lining stages is 'N' Stages (where 'N' is an integer greater 
than or equal to 2) when a loop to be executed is unrolled into 
conditional execution instructions by means of software pipe 
lining, the loop ends in the same cycle as the one in which a 
conditional flag corresponding to the conditional execution 
instruction to be executed in the (N-1)th pipeline stage in the 
epilog phase becomes 0. 
0.192 Therefore, in the prolog phase and kernel phase in 
the loop processing, (i) the value of the conditional flag C6 is 
always set to 1, (ii) the value of the conditional flag C2 (being 
a conditional flag corresponding to the conditional execution 
instruction to be executed in the (N-1)th stage in the software 
pipelining) is monitored from when the epilog phase is 
entered, and (iii) the value of the conditional flag C2 is set to 
the conditional flag C6 within the same cycle. With the above 
configuration, the conditional flag C6 assigned to the Instruc 
tion loop is set to 0 at the end of the loop processing, making 
it possible for the processor 1 to exit from the loop. 
(0193 Furthermore, the below-described method of setting 
the conditional flag C6 may also be used. FIG.55 is a diagram 
for explaining another example method of setting the condi 
tional flag C6 for the Instruction.jloop shown in FIG. 47. This 
method utilizes the following characteristic: in the case where 
the number of software pipelining stages is “N” stages (where 
“N” is an integer greater or equal to 4) when a loop to be 
executed is unrolled into conditional execution instructions 
by means of Software pipelining, the loop ends in the cycle 
which is two cycles after the cycle in which a conditional flag 
corresponding to the conditional execution instruction to be 
executed in the (N-3) th pipeline stage in the epilog phase 
becomes 0. 
0194 Therefore, in the prolog phase and kernel phase in 
the loop processing, (i) the value of the conditional flag C6 is 
always set to 1, (ii) the value of the conditional flag C4 (being 
a conditional flag corresponding to the conditional execution 
instruction to be executed in the (N-3)th stage in the software 
pipelining) is monitored from when the epilog phase is 
entered, and (iii) the value of the conditional flag C4 is set to 
the conditional flag C6 which is in two cycles later. With the 
above configuration, the conditional flag C6 assigned to the 
Instruction loop is set to 0 at the end of the loop processing, 
making it possible for the processor 1 to exit from the loop. 
0.195. Note that software pipelining up to four stages has 
been explained in the present embodiment, but the present 
invention is also applicable to software pipelining containing 
five or more stages. It is possible to achieve Such a configu 
ration by increasing the number of conditional flags used as 
predicates. 
0196. A machine language instruction with the above 
described characteristics is generated by a complier, where 
Such machine language instruction is comprised of a parser 
step of parsing a source program; an intermediate code con 
version step of converting the parsed source program into 
intermediate codes; an optimization step of optimizing the 
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intermediate codes; and a code generation step of converting 
the optimized intermediate codes into machine language 
instructions. 
0.197 As described above, according to the present 
embodiment, a conditional flag for a loop is set by the use of 
a conditional flag for the epilog phase of software pipelining. 
Accordingly, there is no need to use special hardware 
resources such as a counter in order to judge whether or not 
loop processing has terminated, and it becomes possible to 
prevent the circuitry Scale from becoming large. This contrib 
utes to a reduction in the power consumption of the processor. 
0198 Moreover, when a conditional execution instruction 
stops being executed in the epilog phase. Such conditional 
execution instruction will not be executed in the software 
pipelining until the loop processing ends. Accordingly, there 
is no need to read out Such a conditional execution instruction 
from the corresponding instruction buffer until the loop pro 
cessing ends, which leads to a reduction in the power con 
Sumption of the processor. 
0199 Furthermore, by placing instructions to be executed 
before and after a loop in the prolog phase and the epilog 
phase, respectively, it becomes possible to reduce the number 
of empty stages in Software pipelining, and therefore to 
execute a program at a high speed. This results in a reduction 
in the power consumption of the processor. 
0200. As is obvious from the above description, according 
to the processor of the present invention, it is possible to 
provide a processor whose circuitry scale is Small and which 
is capable of high-speed loop execution while consuming a 
Small amount of power. 
0201 Furthermore, according to the present invention, it is 
possible to provide a complier which is capable of generating 
machine language instructions that enable the processor to 
consume only a small amount of power. 
0202 As described above, the processor according to the 
present invention is capable of executing instructions while 
consuming only a small amount of power. It is therefore 
possible for the processor to be employed as a core processor 
to be commonly used in a mobile phone, mobile AV device, 
digital television, DVD and others. Thus, the processor 
according to the present invention is extremely useful in the 
presentage in which the advent of high-performance and cost 
effective multimedia apparatuses is desired. 
What is claimed is: 
1. A compiler apparatus that translates a source program 

into a machine language program for a processor capable of 
executing instructions in parallel, comprising: 

a parser unit operable to parse the Source program; 
an intermediate code conversion unit operable to convert 

the parsed source program into intermediate codes; 
an optimization unit operable to optimize the intermediate 

codes; and 
a code generation unit operable to convert the optimized 

intermediate codes into machine language instructions, 
wherein the processor stores a plurality of flags used as 

predicates for conditional execution instructions, and 
the optimization unit, when the intermediate codes include 

a loop, places an instruction in a prolog phase in the loop 
in a case where said loop is unrolled by means of soft 
ware pipelining, the instruction being to be executed 
immediately before the loop. 

2. A compiler apparatus that translates a source program 
into a machine language program for a processor capable of 
executing instructions in parallel, comprising: 
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a parser unit operable to parse the Source program; 
an intermediate code conversion unit operable to convert 

the parsed source program into intermediate codes; 
an optimization unit operable to optimize the intermediate 

codes; and 
a code generation unit operable to convert the optimized 

intermediate codes into machine language instructions, 
wherein the processor stores a plurality of flags used as 

predicates for conditional execution instructions, and 
the optimization unit, when the intermediate codes include 

a loop, places an instruction in an epilog phase in the 
loop in a case where said loop is unrolled by means of 
Software pipelining, the instruction being to be executed 
immediately after the loop. 

3. A compiler apparatus that translates a source program 
into a machine language program for a processor capable of 
executing instructions in parallel, comprising: 

a parser unit operable to parse the Source program; 
an intermediate code conversion unit operable to convert 

the parsed source program into intermediate codes; 
an optimization unit operable to optimize the intermediate 

codes; and 
a code generation unit operable to convert the optimized 

intermediate codes into machine language instructions, 
wherein the processor stores a plurality of flags used as 

predicates for conditional execution instructions, and 
the optimization unit, when the intermediate codes include 

a conditional branch instruction, assigns the plurality of 
conditional execution flags so that a conditional execu 
tion flag used as a predicate for a conditional execution 
instruction in a case where a condition indicated by said 
conditional branch instruction is met, becomes different 
from a conditional execution flag used as a predicate for 
a conditional execution instruction in a case where said 
condition is not met. 

4. A compilation method for translating a source program 
into a machine language program for a processor capable of 
executing instructions in parallel, comprising: 

a parser step of parsing the source program; 
an intermediate code conversion step of converting the 

parsed source program into intermediate codes; 
an optimization step of optimizing the intermediate codes; 

and 
a code generation step of converting the optimized inter 

mediate codes into machine language instructions, 
wherein the processor stores a plurality of flags used as 

predicates for conditional execution instructions, and 
in the optimization step, when the intermediate codes 

include a loop, an instruction is placed in a prolog phase 
in the loop in a case where said loop is unrolled by means 
of Software pipelining, the instruction being to be 
executed immediately before the loop. 

5. A compilation method for translating a source program 
into a machine language program for a processor capable of 
executing instructions in parallel, comprising: 

a parser step of parsing the source program; 
an intermediate code conversion step of converting the 

parsed source program into intermediate codes; 
an optimization step of optimizing the intermediate codes; 

and 
a code generation step of converting the optimized inter 

mediate codes into machine language instructions, 
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wherein the processor stores a plurality of flags used as 
predicates for conditional execution instructions, and 

in the optimization step, when the intermediate codes 
include a loop, an instruction is placed in an epilog phase 
in the loop in a case where said loop is unrolled by means 
of Software pipelining, the instruction being to be 
executed immediately after the loop. 

6. A compilation method for translating a source program 
into a machine language program for a processor capable of 
executing instructions in parallel, comprising: 

a parser step of parsing the Source program; 
an intermediate code conversion step of converting the 

parsed source program into intermediate codes; 
an optimization step of optimizing the intermediate codes; 

and 
a code generation step of converting the optimized inter 

mediate codes into machine language instructions, 
wherein the processor stores a plurality of flags used as 

predicates for conditional execution instructions, and 
in the optimization step, when the intermediate codes 

include a conditional branch instruction, the plurality of 
conditional execution flags are assigned so that a condi 
tional execution flag used as a predicate for a conditional 
execution instruction in a case where a condition indi 
cated by said conditional branch instruction is met, 
becomes different from a conditional execution flag 
used as a predicate for a conditional execution instruc 
tion in a case where said condition is not met. 

7. A complier for translating a source program into a 
machine language program for a processor capable of execut 
ing instructions in parallel, comprising: 

a parser step of parsing the Source program; 
an intermediate code conversion step of converting the 

parsed source program into intermediate codes; 
an optimization step of optimizing the intermediate codes; 

and 
a code generation step of converting the optimized inter 

mediate codes into machine language instructions, 
wherein the processor stores a plurality of flags used as 

predicates for conditional execution instructions, and 
in the optimization step, when the intermediate codes 

include a loop, an instruction is placed in a prolog phase 
in the loop in a case where said loop is unrolled by means 
of Software pipelining, the instruction being to be 
executed immediately before the loop. 

8. A complier for translating a source program into a 
machine language program for a processor capable of execut 
ing instructions in parallel, comprising: 

a parser step of parsing the Source program; 
an intermediate code conversion step of converting the 

parsed source program into intermediate codes; 
an optimization step of optimizing the intermediate codes; 

and 
a code generation step of converting the optimized inter 

mediate codes into machine language instructions, 
wherein the processor stores a plurality of flags used as 

predicates for conditional execution instructions, and 
in the optimization step, when the intermediate codes 

include a loop, an instruction is placed in an epilog phase 
in the loop in a case where said loop is unrolled by means 
of Software pipelining, the instruction being to be 
executed immediately after the loop. 
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9. A complier for translating a source program into a in the optimization step, when the intermediate codes 
machine language program for a processor capable of execut- include a conditional branch instruction, the plurality of 
ing instructions in parallel, comprising: conditional execution flags are assigned so that a condi a parser step of parsing the source program; tional execution flag used as a predicate for a conditional an intermediate code conversion step of converting the h dition indi 

parsed source program into intermediate codes; eXecut1On instruction in a CaSW ere a con ition 1C1 
an optimization step of optimizing the intermediate codes; cated by said conditional branch instruction is met, 

and becomes different from a conditional execution flag 
a code generation step of converting the optimized inter- used as a predicate for a conditional execution instruc 

mediate codes into machine language instructions, tion in a case where said condition is not met. 
wherein the processor stores a plurality of flags used as 

predicates for conditional execution instructions, and 


