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ABSTRACT

In ASIP design, compiler is required for performance evaluation of processors being designed. The design
of machine specific compiler is time consuming. This paper presents the system which generates C compiler
from MDL descriptions. Compiler generation using MDL can support user retargetability and concurrency
between compiler design and processor design. However, it must overcome semantics gap between compiler
and machine. To handle this problem, the proposed system maps behavioral descriptions to library which
contains abstract behavior for each tree pattern. Using mapped instructions and information on register file
usage, the proposed system generates back-end interface function of the compiler. Generated compilers, for

MIPS R3000, ARM9 cores, have been proved by application programs written in C code.
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compilerE 78 EH o P Aslelele] A=
AGAA - g vE AZks F8E RE
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oAl FHupde A= AR WEleE 2gsiar
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4l 71e dol=iE AHukle] A Fekde A
AN S5AA & ERb ofdzl shie] VleR A
stedeio} A AV 7hestnz tixlel JdaiA
A & olen] AHukde] ZRAN A4E el
T3l ZRAK HASE olF 5 ks AelA
S} gl

. o37ollid= SMDL (Sogang Machine Description
Language)2 ©]-83lo] LCC (Little C Compiler)™™
o TSI A A1 burge] Qe Al
-E SRCC (Sogang Retargetable Compiler Compiler)
= F3akdeh w4l 7% dolmiE Avle A
Be e m4-mde 2 ol AolE E
ofof @) Ak Azwle WA AsldnE 7
2] v Ee] iRle] whE 9] AnE e
sjolneiziel P)e Ba Azalels] Qseela
g 25 wkErh mEl tleksl wim ukile By
W geje] Hufs) ol Felsol el AR Qs
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ko 2 Axlede] S AAlsH= A|AES =55t
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o|Zells A|3pA] odof o]zl 7lee] =
ZaAA Al oledge] otk

LISAE ACE®] CoSy #utale] Alxsl¥le] 3
214 A7) 712l CGDE AT 2N FHupde

2 QI LISAE 4anFse] AuAE Efjg)
glrEZA 7F teksr wig wRAlS abeshe)
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7153} 22]% semantics S wHEo] Fupd
AL 93 ARE A=t} 3FA|9 behavior AH
7} obd semantics Rl 28t Hujdz] AL A
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T2l 2. SMDL2] 7|&7-%

SMDL-& w5 tiolo]ad] 59 72 7|et
Cale] 2] <lnEHAle] 9] 7es &3 B
ZeANE 71%F F YEs AuE MpLelH

SMDL-> 27 Wi+ 7% 1’“%54 =
SR QrEZAR A 7)e dAok R =
ZlEtelAe BPles s F% ZeAMe A fl
ofut #A2E, wime] T2 Adds) T el W
W Bage] o 2EofA|o) dEl=Ael] wis)
ZlEsheh o 7R TlEtelMs ZRAK olF,
P 2E, QJHRE 55 Aol daERA Al
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o] BA AARE 7]&3s =k SMDLe| 7|
= a9 29 2k

SRCCE SMDLY] el el Al 7]<4Re} )it
T2 7R i eERIARE o8] &
Z2AAe A3k uide s g

?5

SRCC A|~Hl> SMDL2] AR ZHE] 2jo]
Hzjg] W) o3t 7t Y= wE, 1 =7t

< SRCC > SMDL
(*.smdl)

- { SRCC_Gen., c/ SRCC_Gen.h I
Information Information

I
[ 1S| DG
(Instruction Set Descr

Back-| End Interface
rator l Function Generator

<LCC> Iburg

[ Front End ][ Instruction selector ]

1
[ Generated Compiler ]
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Helo} A glolvele] H7F el wEE T
224 lburg®] Hzlde Z= A€y] 7)&s A4
gl SMDLEHS- gl# o2 3= seamless A3}
A& $8] SRCCE SMDL2| #HX|~E sk A}
47 glolHeie] PEE AAREZAS 0|43
Avtdzie] F)5- interface functionS- AJAZch
13 32> SRCC A|2wl9] 7fto]ct

i)

4.1 SRCC Mg A

SRCC+= SISD (Single Instruction Single Data)
wE TEeR sk vjolzElel o7le malg
e ) wEe) tely] meady s =
2] = Aely|PUSSL giatement level S P F=
e A gk TEe W] oleisuz

FEF-2 wAlshelch

4.2 SRCC zto|=z{z|

SRCC Zho|rElals= W4l 3¢ ARl 7uids]
Apelell sk ofulA zjolE SHslr] Slsf A
45t} SRCC #lolBzgl= Ccof frlEF #Ho =g
Eg] ddde] = 5 ole vl 9] ARE 7
3k elolueje] 9] 7)ol SMDLZ 714w
vl 9 ARE gggoessn zzte] =g A=
of et =l 9 B A 7P dk
% 4% SRCC zlolEze]e] sH2Ede]l BNF
(Backus-Naur Form) °|t}.

ol

library_list — library
| library_list library

library — tree_representation = behavior_list

behavior_list — behavior
| behavior _list | behavior

behavior — [ declaration_list statement_list ]

T2 4. glo]¥z{2] BNF form.

o] Er] dEldE oz 7o 9] AHRE0]
OREZ v|A]7} ¥r}k SRCCE %% £ shie] &
2] sielel] ois ole] slel syt mEele A
713 v]go] AL P9 Auo| gk F=E AA]
t} SRCC jo]B@2]= SMDLEC} 7h43hsl
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2] non-terminal €} , #HA|~E €], ®Hxze"]
efsl , zElo]#] #IA|2E] sl Fo] T-typeel W
=it

- Itype : ~EZA°| immediate 2E7} I-type 2
2 s)Ei),

- P-type : T2 Fh-E] Elglo] H==ict

- M-type : vl=e] Ejgio] wi=ch

a5 5+ selBee] 79 ofo|ch

reg : BCOMU4(T-type A[32] : reg) =
[ T-type B[32]; B = ~A; ] |
[ T-type B[32]; B = ~(A | 0); ];

T3 5. glelHez] 7]E ol

12)e] YA ~E] Fh& inversionA|7]= EE] €l
714¢) reg : BCOMU4(reg)ell ti3] SRCC zlo]x
218]+= T-type AE inversion A]7|Av} AQ]— 0S
NOR3}] T-type Bell t3isl= 349] 7] 7%tk

4.3 SMDLE| BX|AE Y ARREHE T

dAzE gl AR 7]ES SRCCH
seamless ZIFdz] AWAALS 935 SMDLe| F7}=
I el e S Sl W
vitl Axdele] #3-8 ARE s sle] olx
e 995} seamless Autda] AAo] 7=
gl & 12 SMDLO| #HA|2E AMS- 7]&& Helck

1. HAEE AR 7]ee] Sk AR
A& A B A ")

=]

constant((+]-)?[0-9]+) | 4<]¢] ke wAH = ~F]
oJ Al E=i7} ARgsle A E

for_assembler

argument argument 2| ~E]

function 3% 7t HAEA| %=
temporary )] ~E]

function 3% 7+ AA= =
saved

7| ~F

function TEFA] TET=
function®] o]=HAE A=
YA 2~E

function®] WIEHLS 7]
A 2K

function_call

function_return_value

stack_pointer 28l FZ3lE]

frame_pointer =] EIE

functione] ¢ A ZobF

return_address ol A2 A HxE

SMDLE 7|& Al #X|2=E 349 terminal 7|
oA 2o AR ARF shE Addsle] r)&st
o} ¥ 62 #HA|AE AR AR} F=71% SMDL

7o) Qolk

0 = address (RF[0]) {
binformat = 5b’0; mnemonic = “$zero”;
usage = constant(0);
}
1 = address (RF[1]) {
binformat = 5b’1; mnemonic = “$at”;
usage = for_assembler;
}
2 = address (RF[2]) {
binformat = 5b’2; mnemonic
usage = argument;

}

u$a0n;

R31 = address (RF[31]) {
binformat = 5b’31; mnemonic = “$ra”;
usage = return_address;

}
RS =

RO|RI|R2|R3|R4|R5|R6|R7|R8|R|RIO|RII |
RI2 | RI13 | RI4 | RI5 | R16 | RI7 | RI8 | RI9 | R0 | R21 |

R22 | R23 | R24 | R25 | R26 | R27 | R28 | R29 | R30 | R31;

T2 6. dA=H AHAR 7)E ol

Z7¥e] terminal "icl HRA|~E AR AHRI}E 7
% F|32 RSE ROFE] R317HA] terminal A XS 7}
A= non-terminal 7)<t}

4.4 =7Fel MMDI™

SMDL3} SRCC zlojBez{z]e] A n= T
st 7+ ez wgEcl 2 el high-level
SSA form"" & SSA form'"®S E|Wle]™3} @
-functionS F3 ZE WE7F o g Frel| dijlE
= elolth. Alpern et al'”& SSA formel Z1E
Z ARE F7MXA high-level SSA formS A|o}s}
9tk High-level SSA form& Z2 72 EdX A
Zoll o]4 e}l SRCCE high-level SSA
forms o838 Zead FUA A=ZE FE3le
SMDL< 2le]Hz{g]e] =g}l SSA form 34
< $18 CEG (Control Flow Graph) %€ |
2 ZEEo] WS -gl_oﬂ onq WaE Erjds =
HE]o]E o] g3l d-functions Al g]dlo]=ls}
Arh High-level SSA formS SSA form3¥ CDG
(Control Dependence Graph)S AR&-3}e] &3}l
2w, high-level SSA form?] 3 7}5 99S Yl
3]7] 918l copy propagations 533133},
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4.5 ML 95t C A= MM PY

SMDL®] ¢ 7]%2 SRCCe WES 98
SRCC =le|Heg|e} FUgt F7F #2383 3
" 5 9 ARE vH= ¢ 225 AR 7
Z¥e] SMDLZE 7|&% QlxEZAdEY Fﬂ
AR sh}e] CE 7]<%% function®
H, HA2E AR 7]
wjd 2 WgkEle] FHECh L*EE—V 4
C =7 H3d A ﬂ% W He] Asdshes Luld
A4S 7= SSA ks i rre
AR Ee] QXS vt AR7A] aE3E JRE C

=2 Ao En 99 7k d9s WAtk

{md
*:

(e}
r
r

s |

4.6 SMDL} 2to|2242| Ml npA™

SMDL¥} gfe]Hefz]e] =§s) high-level SSA
formzt wigdole}. FLE wiAlEt Wi Je] At
o2 SMDL#} zlolHeie] 2F W% DAG (Direct
Acyclic Graph) "§3°]3. DAGE duplication 32
=24 Ee] o] Hrex 3t

SRCC+ T-types Ez‘sﬁ shlel 9~EzlAd U

w33l

A=)

i T

i ol ULESAD O U6E TN
]_

E

yormw shte] glo 1E 2] P¢] AHH| o

A °1*EE“=1°1 EJ% 4 9lth SRCCE QI~E
HAle] N5 v AUl tlolur] 22
Aol 7|uk Zﬂ 71 vlge] A JrEHAAS o
Jghtl. SRCC+ LISA®} Z-2 one-to-one, one-to
-many, many-to-one B3 HAS PrlE WS
B3l 33lt}t One-to-one - wh=3d| st
/(-1]:1X4]E Eﬂoﬂ 3}1,],_4 o]/\EzhLo] g = u)
Ale]], One-to-many W3- 3hte] AHBAE Eg
o oz sH¢

=
One-to-many 32 EA] ABAE Ez]d| one-to-

ol ~EHA
A BS B B

one WA= QlaEZAM] AofEA] ol thE
Hojxl QlrEedEe] x| AuaE sz o)
3 TPsebl goms wel AHgslA] g 54
7] FEnke 98k ol rER ARR-S =9 4 9)
Many-to-one - ASIP Al sle] w5 -’?
gl wig] uirlo g oz AHAE Eg]d] shio]
/\EE#/K&E Uﬂ:ﬂa‘}\—- H]—/\TO]TA— Many -to-one UE
/\an/q 2

ot EX

koﬂlm

o&‘_, rg,

=5
Aol 913 dxte] % ASIP«] ~M*P Many—
to-one W= FePAs A Qle] = 3l
One-to-one, many-to-one "J3-> zjo|Bzz] 3}
71l shte] daEde] Wi Fx|RE ABA
E Ef] dAR7|Ed o7k Ef] LuHelAd A
<=oll w}2} one-to-one} many-to-one WHo| F 4
el % 72 one-to-one@} many-to-one 3ol

W ebal goluelel sl4olck

stmt :
ADDI4(T-type A[32] : reg , T-type B[32] : reg)
= behavior_list

one-to—one

stmt :
ADDI4(T-type A[32]: reg,
MULI4(T-type B[32]: reg, T-type C[32]: reg))

= behavior_list

many—to—one|

12 7. one-to-one, many-to-one "HH-S $J3F zlo]Hz{E]
71 ©l

T-types ©]-83F 2lo]Hele] 7]& ofe] QlrE
ZxA7E dlolg] A% 9] 77K 7Vl g
24 Eg] €3} A~E=A7) one-to-many W
o] 7VsslAl gtk 13 82 SMDL2| SLT9} BNE
olrEE o] LTHHER= Er] FEle glo)ralz] 3
2] 71%¢ll one-to-many WHE= ol & Helvk

o

o&il

SMDL

SLTH BNE {
BEHAVIOR { BEHAVIOR {
Comp = FU2.compare (rs, rty
if (Comp == @100y {
rd = 32b"1

Comp = FU2.compare (rs, rt):
JumpAddr = FU3.add (PC | imm);
if (Comp |= @010) {

If(A<B) Flag=1
;Se . o PC = JumpAddr: e ey
rd= 32 b0 L It (F;)E(n:g:\:Az;rf . _\

by m o } -

- A\
i ()

@ @ / H

@) ) D @ [

(Q @ A3 P

stmt: LTI4 (T-type A[32] :reg . T-tvpe BI32] :reg) =
[

T-type Flag(32] . Imm[16] . Addr[32]:

P-type PC[32]:

Addr = PC + Imm:

ST T - T T -

02| 8. SMDL-Zlo|He|z] W o
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4.7 BRIAE /) A gget

One-to-many "3 A] QI~EZA b dlofg] %
%5 non-terminal E}3}2] E]ﬁ\_/'j]- EhA] A
2¥] o] F@slck o]d A9 SRCCE QI~E
JA 7F dele] AgS 9k "—ﬂ ] EE A8 AR
7} “for_assembler’dl #A|A~E]R &d3ic} zlo)H
clelel sl Aus} ole) ARE ALgsia W

= SMDL 39| 7]<%©°] immediate tlo|E] e}
AH8SE A] immediate Hlo]E]el] altd AlE SRl
t} glele] Ak Wi¥E= SMDL non-terminal
E}3]e] terminal 7| F WHEHE 4R A=
terminal®] 31&A] % terminal g PHAZIC) <
Z Eo], ‘Sat’ terminal FAE]Y] AL HRE
‘for_asembler’ & 333} ‘$zero’2H= terminal
2| 2~E9] AR AHHE constant(0)’2} 7]EF A,
a3 89 Wi A= dRAzE g A AR
o olg e Bal el 09 Z2e Witk

ﬂ-llO o,

—

stmt : LTI4 (reg , reg)
"SLT $at, %0, %1\nBNE $at, $zero, %a\n” 2

38 9. A <laERA ARy] Zlee

$at’7} FEle] Qe ZF dlole] S
F3Y3LAL ‘$zero’ 7} A 00l =)

d

4.8 %ﬂPE'H =22 interface function A#M T

#Huldz] $2] interface function A4S s
SRCCE HA|AE AR 7|y} drE"Ad w17
HE ARt AR aAE dAzE AR AR
ZHe] B Aol dig dAzEE s,
‘argument’ & AME-E = HA2E AISAREE
function ¥Z A] argument®] HAHFAS AAgIc)
‘temporary’ ¢} ‘saved’ 2 A== HA|2E] AN A
B2 APl 93 dxE B 2Ash,
“function_call’ / ‘function_return_value’ & A %=
HRA|~E A HHZ function &FA] function ©]
=~ AHEe) Hig ks AARle dAsEE
3kt

#Huldz] 39| interface function-> activation
dzee] A 2, 54 B e oigk 2l
RS R I zt@ 7HA1E}. SRCCE SI~E
A Aely] AAS 9a)] utSelxl ol W

o=

E
E‘j]
3 AR i 7Aupdz] F2]Y- interface function
| Agelel & el mzAe] qliEdd o

(e

g ARE do, F9|% interface function®] EFA
Hydel W= JAEHAS AAETE 5= A gl

l

THE A= A 7845 AHASI] A
3] SMDLZ 7|43 MIPS R3000%”, ARM9"'"
RAME Sk AHulel g A 2 AgelA
= YHlv= A 71§ ZEAA L
MIPS R30003} ARM9 Z&Axe] 7ulde|S A
A skdedt v diRe] ZRAC diE)
SMDLZ 7|&sty A& A4 & & olck &
2+ A= B8] A=l s SMDLE 7]&st
~EHA We] Aot

oF 24~31%2] Eg] I€lo] one-to-many "=
ark ol= AAE F HA#7} one-to-many W
BE e WA Be B e
< WA 5 g onlgkel oF 6~-8%2] Ez|d
Elo] many-to-one WHS F8 FTAp|=o] FA

o] /y\o]

UEEHA W%
MIPS R3000 ARM9
one-to-one 65 (69.1%) 49 (59.8%)
one-to-many 23 (24.5%) 26 (31.7%)
many-to-one 6 (6.4%) 7 (8.5%)

AR AvdezE Agke] sxtskeA|et A

242 94 CE 7|49 JPEG QFT)S B od7Al
A e Avidelz Astdsty A EHA 3}

gom, wiFd ¥E LcC HAudele) S-S H
aEtglet & 32 vl EHI LCC AHuplezb

A3 meel AR AHAulde]rt AAdEE dAEH
A 4= ®alr})
F 3. #7d JPEG <l@H9 lrERA 4
manual A=
= . 1
LCC Ayl | A9l
MIPS R3000 2,533 2,773 9.4% =7}
ARM9 2,651 3,244 223% =7}

vlwd EEZ LCC FHIpdz{o] wvlws] MIPS
R3000 Z3}dz|E= 9.4%, ARM9 Zutdz]:= 22.3%
o] FrAlo|z ZUHE Halth ole AAE sk
7t R 2E el 12le] At o=HAE A
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w2} immediate ZEE 7HAl= JaEZH A s
oA Ael Fr AL Tilo] wtd EESIF LCC
Aztdziel w3 W2 Z=g AALI7] wFelch
AAAE ARM9 Z3}el2]= activation record®] A4

£ JxEYHS *dﬂ-%ff&v}. 01% SRCC7}
‘H‘ﬂfﬂ' Z2A S|4 = activation record 2ds
Fgojof slne W80 ARSE 5 Sl activation
recordi AR 7R 7] wio|tk
AR Zuedeizh A3 JPEG <l F=e
FPA7HE AF cycled 7IEoR ALl
H 102 Hlwd EEI LCC #udEe] 43
cycles 100%= & w JPEG <lzr]e] F&
functiond A5 A5 Helth
AAE MIPS R3000 #Hulde]s vyl 8
LCC F=tde] o] it 942%°] Aes Mol
ARMY Fullals F 84.9%°] A Hal
ARMY FHulelele] Age] Tk olf= AXE
ARMY #3}d#7} immediate =S 7[XE QX
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