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Abstract In this days, the concept of time-to-market is important in embedded systems in
consumer electronics. According to the short time of development period, it is also important in
development of Software Development toolkits (SDKs). However, it is not improved to the
development time of SDKs specialized in new processors. In this point, the Architecture Description
Language (ADL) is an alternative to relieve the pain of building the SDKs as the required SDKs can
be automatically generated from ADL for the processor. In this paper, we automatically generate SDKs
specialized in processors using GNU Binutils. Through this research, we can more easier and faster
produce the SDKs such as assembler and linker than by using handcrafted code.
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¥ 1 Openrisc 1000 A% Ax9] 72

storage odalrisc_storage :
{

memory byte prog_mem {
latency 1 @[0x000000..0x7£ffff];

h

memory byte data_mem {

latency 1 @[0x800000..0xffffff];

b

register si R[16];

register si CR;// special purpose register
register si IR;// instruction register
register si PC;// program counter

odalrisc

AZZAAE A dm2) HA2EH JRE 7|iEshe
BEo2 vHolAsd WA dEm FRE F&de
WL olge ® 29 Hth
widthe WR2gdA F422 AZY ¢ Y Fi2d99
2715 Tt
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# 33 2t} olg)e] F 394 register_widthe= z+ 9
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olgle] E 204 cell_
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®2 Memory‘7§5’_ 71&

memory cell_width memory_name { latency 1
@[start_address..end_address); };

¥ 3 Register 31 7|&

register register_width register_name;
register register_width register_namelregister_sizel;

312 AwA

olzfe] ¥ 4% Openrisc 10002 AWK FZE Hd
=3

Hx

¥ 4 Openrisc 10009] #WA F=
odalrisc

conventions odalrisc_conventions :
{

// endian

words_endian little_endian;
bytes_endian little_endian;
bits_endian little_endian;
base_insn_bitsize 32;// the same as word size)
word_bitsize 32;// -> primitive word/si

// special registers like stack pointer
programCounter PC PC;

stackPointer R14 SPR;

framePointer R13 FPR;

statusRegister CR SR;

return_register 0 RO;

return_register 1 R1;

argument_register 0 RO;

argument_register 1 RI;

argument_register 2 R2;

argument_register 3 R3;

callee_save_register { R6, R7, R8, R9, R10, R11, R12, R15
5

caller_save_register { RO, R1, R2, R3, R4, R5 };
not_reg_allocatable { IR, N, C, V, Z };

}
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programCounter/linkRegister/stackPointer/statusRegister/frame
Pointer physical_register_name ID

313 ol3 fYYelY T2
£ Ae ofRBes YA AP AN Bag ¥

EESS 7)$90h IA otEs} o] F4, ok, HE
g, A2 s £ Aok 281 o)d =8 Hlwst
Bg o 2 AME He A v|Esi=E Stk



GNU BinutilsE 7]4ko.

3131 34 72
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fit_chars® A&z o)X exponential® floating
pointE #7|1& wl FR3F 7)EE vhehdich

E 6 Openrisc 10002] char +%

Chars

{

comment_chars”;#”;
line_comment_chars”;”;
line_separator_chars"#";
exp_chars’eE”;
flt_chars"rRsSfFdDxXpP”;
}
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olagel Aol dolge P v )EE BE B
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3 7 Openrisc 10009] memory +3&

Memory

{

text_start_addr 0x000000;
data_start_addr 0x800000;
max_page_size 0x400000;
}

3.1.34 Auix] £z

ARAE FFA E4 ddse A7 & o FzRs
ARG AES) ddle PAS 49 I & Zgd
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HEH ol rlAFEE HEY WS Jehdd,

X 8 Openrisc 10009] relocation +%

Relocation
{
reloc
{
operandtype LIMMI[0,15];
rightshift 0;
size 2; // (O=byte, 1=short, 2=long)
src_mask 0x0000ffff;
dst_mask 0x0000ffff;
}
reloc
{
operandtype HIMMIOQ,15};
rightshift 16;
size 2;
src_mask 0xffff0000;
dst_mask 0x0000ffff;
}
reloc
{
operandtype REL[0,25];
rightshift 2;
size 2;
src_mask 0x00000000;
dst_mask OxO3ffffff;
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3.1.3.5 Addressmode ++&

AddressMode® B#Hol9] eHASE F FFHo=
AHEEE LHA=S) 3lE A9 ©]F AddressModed
B3] 2o2ZN Z2AM HWHE A&HOE V&
g & QA T} HA| ARM Z2AMY AL o7 2
#9 AddressMode7} gejso] o o5 Ui
o] HEolox WEHo 2 AMEHT 9o}

AddressMode®] 7% & X227} H|£d TZE 7%
+ AddressMode®| talX+= AddressModeSeto g2 =
oA 71€8 71 Ytk ol oj&3le TZAME 7
o v 43 waA e 5 e Aol

M o

E 9 Openrisc 10009) AddressModeSet

addressModeSet or32AddressModeSet : or32
{

loadi;

storei;

encoding { UNDEF[21];}
}

¥ 10 Openrisc 10002] AddressMode

addressMode loadi : or32AddressModeSet
{
rrA;
IMM(16) imm16;
semantic { efa = plus(rA, imm16); }
syntax { imml16:"(“:rA:")”; )
encoding { rA:imml6; }
}

#9) & 99} 102 AddressModeSet®} AddressMode
€ Jeldgh 99 ¥ 1091M semantic WEoY
g syntaxe o|AEE fde] JeHe WP

£ encodinge ol Hd=E 7|eE o Q3He) Ax
S Yeth $9 ¥ 99 10904 BE0) encodinge
AddressModeSet®} AddressMode®] 25 ¥3HEc) o]
= AddressMode & 3F%5H+E encoding®] & 3¢
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3.1.3.6 Instruction T2

Instruction AddressMode$} 727} 93l =}t
0148 Instructionol|A] AA TZAM A2 HHSL 7
3 o

oleie] ® 113} 12+ InstructionSet? Instruction®]
& BoFT At} InstructionSetd} Instruction®] T+
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¥ 11 Openrisc 10002] InstructionSet

instructionSet load_instr @ or32InstructionSet
{
lbs;
bz;
lhs;
lhz;
lws;
lwz;
encoding {
“100”::UNDEF[29];
}

¥ 12 Openrisc 10002] Instruction lbs <Al

instruction Ibs ! load_instr
{
r rD;
loadi loadi2l;
DATO m;
semantic { rD = zero_extend(mfloadi2l, bytel); }
syntax { “Llbs “urD:”,":loadi2l; }
encoding { “1007::rD::loadi2l;}
cost(1);

—
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Binutilss= GNU Binary Utilities®] <2234 23
HAg AY EE SR A 7 s e
ETEY 2Lolgn & 4 v} Binutilse] TEE A
ZEH Mg =TEL g 2o
AS - the GNU assembler.

LD - the GNU linker.

Objdump - Displays information from object files.
Ar - A utility for creating, modifying and extracting
from archives.

o] Wol% object HYS thHE7] 9g o) AZTEY
o] M =7Ee] AFALh

Needed files

Machine
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3.2.1.1 Opcode
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3.2.1.4 GNU Linker(LD)

LDE 99 3 519¢ I7 5 A= A
2 deld g3ty HAE dec 28 YA 5%
g o YA 2IHEY Aojg werh B =EdXE
oz 71A d8 Hd ¥4 F ELF 3o 24 &
¥t 2 olf+= ELF d4o] 71 de AMEHI 3
7} wEolth, o7efA EZAAe gEFH] FEe
elf32cpu.sh ¥dolt},

3.2.2 CGEN[8] &9

CGEN< Cpu tools Generator®] °FA24
GNU zZzAeq gHREo|t} CGENS =3 Edd
TZE ATt o8, A, AEdolHg #e =
2a3e 474 Adse dol ok olst e T4

22 7837 939 CGENS CPU 72% 7|&3
71 9% & 714 o] CGEN's Register Transfer Lan-
guageZ AFs #oh. CGEN's RTL& GCC's RTLE
7l¥ko 2 33 Scheme program language® FH-&
Fz3n Yok

a8y 43 AEEd Z2AER AQe ogE
o YA, AEdolEY FEH &2 Z=wte AF3
ok oAEe e}t FHAE ¢t CGEN2 Binutils®
eHFe BRI ZAM A FUESE AT
=2 Ag)dsﬂ ._7,:1:}

olgfe] 28 20149} Zo] CGENE Guileolgle 34

cpu-[epul.c, elf32-[cpul.c,

r&_‘l it

H

\q

o wg

)

ol



764 HEAEGFI =R 2ZTEY O 2 &8 A 36 E A 9 50009
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- {cpu]-asm.c

| [epul-desc.[hc]
[cpul-dis.c
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3.2.3 Retargetable Binutils
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