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Abstract This paper proposes a method of software development tool generation suitable for instruction set exten-
sion of existing embedded processors. The key idea in the proposed method is to enhance a base processor’s toolchain
by adding plugins, which are software components that handle additional instructions and registers. The proposed
method can generate a compiler, assembler, disassebler, and instruction set simulator. Generated compilers with the
plugins provide intrinsic functions that are translated directly into the new instructions. To demonstrate that the
proposed method works effectively, this paper presents an experimental result of the proposed method in the study
of adding SIMD instructions to the embedded microprocessor V850. In the experiment, by using intrinsic functions,
the compiler generated good code with only 7% increase in the number of instructions against the hand-optimized
assembly codes.
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1 Concept flow underlying tool generation
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FOF—FR=2 L L Cffibh 3,

Binutils % GDB MIF D 77 74 VIR L TE, Y—P=x
FL—=F, TRYTINV/HTRY TV T amaFEfT R E
ICRERGAER (v ), SV VIR, 74 =K
Wit &) 27— WAL LCHERT S, 61, miEfEz
KT E a—FiR L LTERT 2. ARSI 7 — 27
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JOT5 740 %%,

—%, GCCHFDT 774 LT, V=P rl—
#iE, LYRZICET KM~ 0L, BildaD <y Vil
(RIL 7> 7L —F) AV YUY Py 7D 70 b ¥4 7
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Syntax: MYADD regl, reg2, reg3
31 27 26 16 15 11 10 5 4 0
Fields: |[reg3 [opcl [reg2 [ opcO [regl |

Name | Type | Bits | Description

regl GPR 5 Register index of GPR registers
reg2 GPR 5 Register index of GPR registers
reg3 GPR 5 Register index of GPR registers
opc0 opcode | 6 Bit pattern to identify the inst.
opcl opcode | 11 Bit pattern to identify the inst.

2 Instruction field structure of MYADD

: <Processor> .
: <nickname>cpu</nickname>

¢ <register_type length="32">GPR_type</register_type>

: <register_bank type="GPR_type'" size="32"

prefix="R" base="true">GPR</register_bank>
: <insn_length>32</insn_length>

: <insn>

<mnemonic>MYADD</mnemonic>

<syntax>MYADD %regl, %reg2, %reg3</syntax>

10: <field type="GPR" length="5">regl</field>
11: <field type="opcode" value="0bl1l_1111"

12: length="6">opc0</field>
13: <field type="GPR" length="5">reg2</field>
14: <field type="opcode" value="0b11111001000"
15: length="11">opc1</field>
16: <field type="GPR" length="5">reg3</field>

WO~ O b W N

17: <input>

18: <operand type="GPR" width="32">regl</operand>
19: <operand type="GPR" width="32">reg2</operand>
20:  </input>

21: <output>

22: <operand type="GPR" width="32">reg3</operand>

23: </output>
24: <description>
25: This instruction calculates the sum of the contents of

26: registers regl and reg2, and stores the sum to register reg3.
27:  </description>

28: </insn>

29: <gdb>

30: <regnum name="R0">0</regnum>

g%; %féénum name="R31">31</regnum>

33: </gdb>

34: <behavior>cpu—isa.c</behavior>
35: </Processor>

3 Example of an XML document with additional ISA specifi-

cation

pooiepu cn) ; Binutils- —~GDB

xxxcpu.h.in ,]— plugin—~plugin
Coocpusinein j—| A

T T templates
Xxxcpu-sim.h.in 7‘— +

xxxcpu-bfd.c.in | -

Generated

xxxcpu-bfd.h.in ;— code for

elf32-cpu.c.in /; Binutils & GDB
reloc.c.in — T

xxx.h.in /‘; Tool generator
bfd-in.h.in 7

Name Length & position
Type

Default value

Syntax
Method to execute

Data arrays

[TT1

Fields info. [~ Method to encode
Method to decode

Method to parse

Code fragments

Instruction behavior funcs. g
—

Register banks info.

Register groups info.

[1

Name & aliases
Width
Register numbers

Register info.

Data arrays

XML 7
[—| Name & aliases
. nerated Instruction [~ Width
cpu.c.in ); code for GCC behavior Usage i !
cpu.h.in J— o description 7 Names | | Register numbers
cpu-protos.h.in J——‘j Classes
i Register macros Letters
cpu.md.in ;— ‘
— - Code fragments
cpu—bulllms.md.m,]— Machine iption (RTL
XXXCpU-gCe.c.in J RIugIn Instruction info. )—E Prototypes of intrinsic functions
Code fragments Functions to check operand types

opcode/libccg-cpu.c
include/opcode/libccg-cpu.h »
includefelf/xxx.h ¢ opcode/libceg-cpu.c
bfd/elf32-cpu.c include/opcode/libceg-cpu.h
bfd/reloc.c Binutils Sim/cpu/xXcpu-Sim.c  ~GDB
bfd/bfd-in.h pluging sim/cpu/xxxcpu-sim.h ~plugin

cpu/cpu.c
cpu/cpu.h
cpu/cpu-protos.h
cpu/cpu.md D

4  Generating plugins for GNU Binutils, GDB, and GCC

2.3 R=RAYV—=IIcHIT BT F741 > DiirH

Y=y b7akyFHY - LFz—IiZBWT, 7774
YEEDEI AT RIS ICRY. K5k, =7 v b
TRy HHY —VF 2 —VIZBI LTV TN /HT YT
/ATy a—F /T a— F /a0 0n 2§
LZ7u—F%—FrThHsb, =7y PHY—NLFz—VILE

— 3 —



uses the plugins

A o

New ° Base n
instruction? instruction?

yes yes

Process it under
the base tool

. |

begin

The plugins are internally used to handle
new instructions on the generated tools
for assembling, disassembling,
relocating, or executing.

Process it
using the plugins

5 Tool internal flow for enhanced assemblers, disassemblers,

linkers, and simulators working with plugins
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BRI, BN, O=Z>0Maiid A & A VITRIEL T
5, 2=y 2R, —F v 7ORBRICEEOA RV Fid
BT BWTHs, HEERZ, CSHEOMBOED izt
ARV IFAMRAT 2 L) icipzitihd 2T ch 2. Hili
ERE, EMNHE T CRIEHE 2 > Tarp 25l 3 2 EX
Thob, N=%T7 774 OB EIHZX 6 ITRT, @R
27TV LIET, b ULRBROS YRV EELTRT v
Fbu, ¥—4 v r7uvy 7wy 7713 %2 ORMEHR
SURNMIRT Y R = a VIEREERT 5.
1. M=OV38: =% T4 VAN FINE N =T v
RS2, b=k, RN, BX, a-Foudhnnr
D=7 ING, KeTlE, t—27videfids.
2. MREMHEIR: =977 74 VIFAILTFINEF L D
b= vELOMADBEMEIERT 2, M6 TE, Zo0@m
M E L OGBRIRILTw 3
3. h—=U Y HE: BEIRINISMAEMHIIONT, =47
74 0%, WGT B MEICH B b= vEEL, Al
ERIL P =2 vy —viEboma X ZEHobr» S BRol
%, X6 TlE, i add3i BDANMAEEL F—=7 D8y —
VELOMEX TH 5.
4. ARSYREHE: BHXICBVL T xxx EWIH F—27 v iF
FRIVFEREBKRT S, A=Y T3 74 EARTVFE
BERT =2 vomb XDART v FOMEZHET 5, #i
ZUE, ARFVNEEERT I =0 VBV P RAIL{EERT RS
i, "=V T3 7L VEZDLI RGPSV AT DRFE
ka3,
5. MRIYA—TaVJ: =% T7TI7374 V1, X DA
RA—FEFARTVFDfEE Zi>T, Aiszzrya—F
5,

Encoded instruction: 0x1200 4522
operation code: 0x1200 0000

[aaai | [ ] D [=] D @ 5. Instruction encoding | |_add3i | [ra | [ ][5 ][]

Input string:  “add3i r4, rS, 22"

1. Token decomposition

symbol symbol  symbol expression
; @ operand values 4
2. Candidate selection [sema] D [s6Ra) D 4. Operand calculation | | ada3i |[ra |[] E ] [z|
mstructon o [_subai_| [sna] [ ] () [ (s Input nsruction
ot | Canaai ] (s [ ] ] [ ] [imm) (esea] [ ) L] ] L] (2]
oo oo e s 3. Token comparison L0
able  varabe Matched Instruction X

lgnl(gt)(vmmdth

selected among candidates

Xl 6 Assembling instructions on the plugins

1: ;; syntax: myadd regl, reg2, reg3

2: (define_insn "builtin_cpu_MYADD"

3:

4: (set

5: (match_operand:SI O "cpu_gpr_regs_operand" "=r")
6: (unspec:VOID [

7: (match_operand:SI 1 "cpu_gpr_regs_operand" "r")
8: (match_operand:SI 2 "cpu_gpr_regs_operand" "r")
9: ] UNSPEC_BUILTIN_MYADD))

161,

12: "myadd %1, %2, %0"

13: [(set_attr "length" "4")]

-
'S

t)

7 A generated instruction pattern
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o AVIAVTRY T ITRMbLIza—FIEy—"rv 7
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| Instruction memory

el =
Program Instruction
m ueue Additional
components
32 general Multiplyer P
registers
registers <. .Barrel shifter
S——p ALU 32 64-bit
System : registers
registers ST AL
F@3 !

| Data memory

¥l 8 Block diagram of the V850 processor with SIMD extension

# 1 Architecture summary of the V850 microcontroller with
SIMD extension

RISC processor for emmbedded systems.
Base Harvard architecture.

architecture | Single cycle instruction execution.
Compact code size allowed by 2-byte insts.
32 32-bit general purpose registers

32 64-bit registers

Data types: 16 bitsx4, 32 bits X2, 64 bitsx1.
Packedyarithmetic insts.

Load/store insts.

Data type conversion.

Logical operation.

SIMD
extension

# 2 The code amount of the generated plugins for the SIMD

extension.
Base tools GNU Binutils 2.17
GDB 6.6
GCC 3.4.6
of instructions 179
of lines of the input XML file 5934
of lines of the input behavior description 4436
ﬁ of Tlines of the assembler plugin 8903
of lines of the simulator plugin 7699
# of lines of the compiler code fragments 13496
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100%: hand-optimized assembly codes

32-bit complex FFT (N=256)

16-bit complex FFT (N=256)

32-bit bitonic sort (N=64)

16-bit bitonic sort (N=64)

16-bit complex FIR (N=16, T= 15)
16-bit complex FIR (N=1, T:

16-bit FIR (N='
32-bit FIR (N=1
32-bit FIR (N=

i

107% pn average

16)
16-bit maximum search (N=64)
32-bit maximum search (N=64)
16-bit minimum search (N=64)

32-bit minimum search (N=64)
16-bit (N=64)
32-bit jization (N=64)

95% 100% 105% 110% 115% 120%

N: Number of input samples
: Number of filter taps.
B: Number of biquad stages

9 Increase in the number of executed instructions of compiler-
generated codes using intrinsic functions against that of

hand-optimized assembly codes
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