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Using a H/W ADL-based Compiler for Fixed-point Audio Codec
Optimization thru Application Specific Instructions

‘Minwook Ahn" - Yunheung Paek™ - Jeonghun Cho™

ABSTRACT

Rapid design space exploration is crucial to customizing embedded system design for exploiting the application behavior. As the time-to-market
becomes a key concern of the design, the approach based on an application specific instruction-set processor (ASIP) is considered more seriously
as one alternative design methodology. In this approach, the instruction set architecture (ISA) for a target processor is frequently modified to
best fit the application with regard to code size and speed. Two goals of this paper is to introduce our new retargetable compiler and how it
has been used in ASIP-based design space exploration for a popular digital signal processing (DSP) application. Newly developed retargetable
compiler provides not only the functionality of previous retargetable compilers but also visualizes the features of the application program and
profiles it so that it can help architecture designers and application programmers to insert new application specific instructions into target architecture
for performance increase. Given an initial RISC-style ISA for the target processor, we characterized the application code and incrementally updated
the ISA with more application specific instructions to give the compiler a better chance to optimize assembly code for the application. We get
32% performance increase and 20% program size reduction using 6 audio codec specific instructions from retargetable compiler. Our experimental
results manifest a glimpse of evidence that a highly retargetable compiler is essential to rapidly prototype a new ASIP for a specific application.

Key Words : Retargetable Gompiler, Architecture Description Language, AC-3
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@3 22 diojy ¢F 7l F gl AC-3 &
Holl Al ATSC(advanced television systems committee)oll
98 HDTVE 9% 2dQ AMulx 2E FFo2 A=)
tH2]. AC-3 &F 71go] dH FadA we, B Be
B AFRAAEL HZ O ALdoA Ho] 2o

I E system-on-a-chip(SoC) FEHZ AC-3Z T3¢
g5t gl

AC-37F 34 ot 3¥ duEFE AME B 7
50| AZo] /g LREHUAM ASHoZ FAHI
AtH2). wetA JAHIZE T3 1A duyEs Tdse
RAe gueFol HAHNS AL 7€ dnyFE A
4% 5 ¢ oA AFsor 2z AAZ] time-to-

marketE 71271 Qelo] Aok o) EAle] i it
& ASIPEF Zo] AAelA 7] & Helgt dusHE
SIR2 ) k=t /\]*E“«l &Y tAQdE AT ¥ program-
mable IPS-& 223 & ¢ Yot ASIPo| AC-3 #& 14
H 58 “il AL 3 TR B deolv SEZTEaY9
A5E Z7M717] ASA of® olFjEIA dARlE MEd
Al7bol g BM(Design Space Exploration-DSE)o] &
a3tk Aed did 87 AHEE wEAE fRde
2A 27 s AEdolHY ZAudeier 2 ASP
YAl EFES 5ot} ol gkt st=do] FAel
diste] At & Z2IPE Blet aFI HAY T
Aol AAd w7A A EH|AL FIst7] Y3 Tas

Folth o] ETES AFoE A7 H3 dATFAES
st=9jo] ADL(architecture description language) [16)&kx
e 29 g4 Ao 2 AdBHTh AMEAELS ADLS AL
#-35}o] MD(machine description)2 2Hdgte 24 5}711 Hal
& Y% ETES AT 4 7 Jrh

2 ATddA $2E ADLY 7Ivte £ 2T AAFE
Agde gty 53] #AE AAZ gtk ohFg o)A
9 dTE[7,16,10,12,16,17] ADL 7|99 #Antdelrt 7t
st=gol Ao Mg w2 HEsA & + A Ao
d @ A=g AFFoRH ORIl FL FHAA glojAe
otd Fa3 FEAL BeEr ADL 71N AL F

C Source Code
Machine Information
{} CFront-end
ADL Language l
Parser

.................
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,". Machine ™.,
%, Independent >

+" Machine ."’
%, Description

Data Flow Analyzer

Independent/Dependent
Optimizer

nstruction Selection

Register Allocation

Instruction Scheduler, <:>

lobal Register Allocato

e
3

Optimizer
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LD

(32! 1) ADLOIl 7|gtst AP infrastructure

SAE AT AdiA 2= FHZd AC-3 YL H=
OE SRA7N7] A% B2l Z2AM HAHstE [SAS #
71 9131 ADL 7]t} s E 43 didez A7sd
o EHSAE RFE SAss ADL7IRHY Agdee 4

geol7] Mo FRE AT B AHEE & Atk 2
WA o) AFE Y3 (2F DolA Hol= ukgt o] ADL
& X Y MES AAYY AddHs AL
ot s=do] ADL uhiziA 2 $2l9] ADLE Al&%
F9] oFAAE 7|&dy] Y3l 2 59 4¢3k high-level
abstraction)& A F& 1} FAld olFldH e #F A FFEe
AAEE AHEAAA 3T

o] AgeA $E& gAMLl R ded Bl RISC
2~8d ISAE 7IA 1A &5 ZZ A A (fixed-point pro-
cesson)E #HzE op7|FAHR Ak 183 27 ISAE
ADLY 7edto2A Andels A5HoR I L2 AN
EAE Ha Ao AC3 I=E Hudsy] A A
8 F Sk Al AC-3 2= F AHA AF AHE
He 4it QH1E9 158 Fohie BME FYET o

B¢ 24 A%y 248 dee AC3] 538 U9
g PEsl Wed A48tk ol¥A Fohd WHAEE A
& 1A AHA FAhEm AFA F7HE HH o)
Tt 4% e A3 S8 Andae AT
A B,

o AT d7E AHr] A8 23X $27t

¢ ALt ADLE 4713 3gelE AC-3 2ue
Zol oa) Adeln 4RAE $§ Zzage] SsE v
A gEel gag golsl 31 Asl nkR F e a9
Zo| e AR TEE 439G 44 4 T3
aco g2 HAY JEd FzE 9odth 58dME
AC-39l S3he Waols] m= =vls SEAe) I
Ade e ARE wAZTh 637 TFIAE A
279 A74NE e ATEN AU %1 FES &
zo

2. ADL 714 Hujg = ei43

2 oA A4 g9 AAGY Avdze A 72
e =odvt agln Fo| ISA7F o|¥A ADLE ®d¥
HeXg 1SAd % ARdAE BAE) A olgA
ADL®] AHEEEAE Hol7l A3 AE T34 +9
ADLE A93o

21 Aoy e

(28 D& el o718 9 ADL Al (description)ell ¢}
¢ F3E 5 e Y AAGE FHdY F2E YE
Aok, ADL2 op7|elA 9] F22 A H et 4384 (behavioral)
ARE Wr|FogHA of7|dA e BEAS Jiedth dAd
£ a2 e ASHA @450 IR T2 FRE 9
Az 9 Wre F2E xFe, £33 e vl o



ADL ISA Macl_1m_e
description P model »| Description
ADL MD module
parser generator
(32 2) TS MAE 95 ADL B8 I1H

golg} ojuy A i ¥Fech
75}l 2] MachineDescription(MD), VirtualMachine(VM),
IRGen, CodeGen, GlobalRegAllocator, 123l Optimizerst
22 2 A9 C++ Zed F3 7EEYG MD 252 3H9d
Hell a3 oAl B4 FRE Adste Cr+ FEY 7o
o} (28 2)9} 2ol ADL«] ol7ldx FAZHEE MD BE
o] AHFoE PYAHZ E2 CodeGen RE9 Yo
A}, CodeGen E%S MD EES WHo AM¥(instruction
selection), #@AAEH €% zglz HHo] 2AEYH A9
il HEgol dEsE] PFo AET
[SA 2d& MD FEEA AMEHE ISA
£ Gt ARFZEY J¥olt). olz& :ILHFPF: ¥
3 AITIEE resource®} operat10n°]‘:} Resource ZH ¥y
dAA2E S HEY 22 A 34F YEPdT. Operation
UEE g7l [SAS F48lsit), 4zhe] HHo], o =44
o #A3F YWHEs ISA EdoA HHo] elZglor W3
o}, mado] dZyel &4 7}ftﬂ AN BEZe Ef 7Y
9o #R2y AL ZYAE, = RTL(register transfer level)
g5 T CodeGen ZE2 Hyo HdYgE 97 o
Ef 2y HEAE UE ARG F 31‘4
MD A4 ISA zdzRe] MD RE2 )
#HA9 Z= S e dUde wjy] weEo] UAs
7] W&ol MD 2A71E 1SA 228 B4zl dALH &
2o} A28 de aHx[4]e 2 d5eHd ARE F
=3t VM 282 C front-end!) 9 back-end ZH¥dzt
o] Hg A9l g o] ~E AFTrE VML ISAS 2 o
AEYE 7Hd 7 waleltt 7 A E]E RTE(regis-
ter transfer expression) B]2E & Zgow olFAA} 2z
RTEE rviaue Edo] lvalueE = =(set lvalue rvalue)
defjo] od ol dX sl THAM e AMAE
2 gl wat dd7 o ditateln 3 d kA operand)
= AEY #HA2EY Ry f4A7 2 4 Ik
&2 M o AEE 9 oot
L8: (set (SI: r2) (SI: 12(fp))) // fo: frame pointer
(set (SI: r3) (SI: 0(r2)))
(set (SI: r4) (SI: 4(fp)))
(set (S 12) (SI: 0(r4)))
(set (SI: r2) (mult:SI (SI: r3) (S r2)))
(set (S r3) (SI: 16(fp)))
(set (SI: r3) (ss_plus:SI (SI: r3) (SE r2)))
(set (SI: 16(fp)) (SI: r3))

M e e e HAHon. 4 o, A WA &
o dule ‘fpoll 128 d¥ W2 H& 22 2=
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ot

1) o] APANE AL front-endZ GCCE AHEEHA.
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o). BE 7tEd HA 593 HHsle s o
front-end9l A 3 7}53)ct.

AbgA7E 24 Zead Z=E AgY & O d4 A
o] MEg 7 MA4" F CSE(common sub-expression elimi-
nation)$} CFA(control flow analysis)& 8] Z#Z +2
o] 7t dol(intermediate representation, IR)Z R gt}

a8 CodeGend} GlobalRegAllocator EE°] MDEEY

FH& Agstd RS Bl =2 A4

o
e

29

p

2 AFH oY= F2E /w4 VE EE
(Basic block) =E& 43 9&4¢ RTE 4%S Uels &
g9 DAGS E3IE forestolth 22 9] BE 7|2 &
28 34 =22 Y7 98] CFGlcontrol flow graph)=
Fgsg vpAger Z2ade RE 5 mE=E A
22398 Y= call graphE A3 AAHA A
A Fx2E A48l A3 R# FFE graph visual-
ization tool& TH3IIHTH (2 2)o4 B uief Zo] o
ES ol§3y A2 3= BAN 5 Z2ZAAZ gAH
A 7Andy 2EY ywAd B2 238 45 7 U4t
Re 343 AgHol2as B3 LE Adde REE0] A
2 A3, dF Eo] Optimizer ZE9) E reaching
definition® live range analysis®} 22 dlo]y & #4
718 E2 IRY ZEAoA F3HT)

IR AZ9 339 @ddlN RTEE XE¥#3 DAGE
Expression DAG(EDAG)g} ¥t} EDAGE operatorg3 =1
operatorE°] e ALEEE value Alo]g] ©lolE 2J&A
< Yeldt old 9uldA EDAGY ==& IAA F 7HA

9, operators} valueZ FEHth value ==& ¢ st
symbolic variable, memory location, effective address,

2 1 constant®] Y 7HA2 UEZoh

;
lo
[-ﬂ

bolH AFWEC] ADLY F EHe ISAY) ATAs

P AFY & A B Z2ANE ASHI] 0 A
438 wue ATSe Aot Welq 229 ADLE 92
% 94 (formalism)o] 2A3e] el siglet

[49)] ISADesc = <IS,AM,ST,Ris,Ras>, <17])A]
IS : AgFez 7YE FF ¢
AM : B of7]E|Ae] oj=gy R g
ST : et A olz]elx]o] A2 F g
Ria € IS xAM", o7]A n> 0
Rus € AM x ST", 947]A n >0

2 Med ISADescE 13 ADL ¥4 9
Z83% RRo HE AAM E £ )k ADL2 primitives,
storage, addressMode, 22 X instruction®t o} d] 7}X
ARo7 LML (¥ 3)& primitive ¢ storage A4 9
& R F} primitive AL 71EHA dity) Blg e
Aotz Z1EAQd JAE Bl Ml o o] vEA
g 9l¥ 712 2 atomic behavior)S AR, &F B9,
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primitive {
type { @i 8 hi 16; si 32 byte 8 halfword 16: word 32: }
operation {

ss_plus: ss_minus: mult: div: -- mem_write: jump:

}

storage {
memory qi dmem {

latency 1 @[0x0000..0x9999]:

}
register si reg[16]:
programCounter rl5 PC:
stackPointer rl3 SPR:

}

(38l 3) ADLOIAM Moi=l pr|mmve At7} storage

addressModeSet dataAddrModel : dataAddressMode {
regAddrModel: imm4AddrMode:
}
addressModeSet dataAddrMode? : dataAddressMode {
regAddrMode2: imm8AddrMode:
}
addressMode regAddrModel : dataAddrModel {
reg r3: action { r3 } gyntax { r3 }
cost(0):
}
addressMode imm4AddrMode : dataAddrModel {
integer(4) int4: action { int4: } syntax { int4: }
cost{0);
}

addressMode regAddrMode?2 : dataAddrMode? {

reg r3: action { r3 } syntax { r3: }
cost(0):
}

addressMode imm8AddrMode : dataAddrMode?2 {
integer(8) int8: action { int8 } syntax { int8: }
cost(0)
}instruction addsll: MultipleOps {
reg rl:
dataAddrModel opnl:
dataAddrMode? opn2:
action { rl = ashift(ss_plus(rl, opnl), opn2}): }
syntax { " addsl ":rl:", ":opnl:", ":opn2: }
cost(l);
}
instruction addsl? : MultipleOps {
reg rl, r2, r3
integer(8) imm$:
action { rl = ashift(ss_plus(r?, r3), imm8)): }
syntax { " addsl ":pl:t, "srst, "urdst, "uimm8: )}
cost{1)

(32 4) ADLZ 718 5 Nl add-shift H0

(2% 3)9] primitive ss_minus ¢ dive St=gojdA] 24
T brAdd A%t By AR 3 primitive A Aol A
EdHL} A= £, si £ 32-bit integer EIYS F I}
storage AAL olF|EHA e F4 AY FZE(abstract re-
source structure)E 7] &3t} storage TARAEL £
e RE T le H=E A lth

addressMode$} instruction AA2 E}7l ISAY o4l 9
Hoo ey REE 7&drh HHole o=y BE
E 1t} ISADescolA] operand type, action ZL#]i syntax2|
AZMA =g M- o]lRAELS HHod 9n g fRAe
2 gAsa sdmdoje HREAE AME F202H ofF)
X9 FAgEH A4S vedd. «F g, (2" 4%
ADLS 7]& 9 add-shift-left B H o1& BoF}

I {

(32! 5) Visualization of the IR for the kernel code of shortestpath

539 top-down TR WMHES AT YA o]
AREY 4 H&e AFyoz Ao U 7 Med
a9l #de Megs 338 4 gt o] AFTEE ISAE
o A FEF 5 A 31, WEol, =y RE, stor-
agedNES SHALR Jed ¢ JAF FouH 53H
di BA d MD ALY SuigE JtsA o primi-
tive, storage AAdl AdA FTHRAEL AZVxe I}
Aol xstHEAM, oj=H g R=el WAl Mg action ¥
=& 9 V8 ETFEAN 93g @39t g2 g~
Bl storage EB}Y¥ primitive ss_plus® Aol® W9
(displacement) o= REQ Mg oot

action { efa = ss_plus(Rd, imm5); }
addressMode 42 dlz2gd T S2o] s AHejgct
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load/stored] <ot wWRg AZE P = aFH o=
no] A2 £ e A=dy 22Ut dasieh H33o
T 548 WHezr slegdrh thES multiply and accu-
mulate % F o1& AT

action { rd = ss_plus(mult(rs, rm)); }

HHo7l 7led u 2R e¥HA=E= HE storage A
AoA Ag dx2=Hy dE2y gslelth Tevt AFEAE
A3 A=A BEE AT § 93, I AHYH 9
Y4 R=g 9o} Med ASE # QT dE &

o
Iz

(28 499 =844 2= dataAddrModel2 addressMode
Ao Aol 9, BHo| addslle] AeolM 2¥A=
2 AMEEY

3. &3 o{EZ2|A0|M: Fixed-point AC-3 ZE

gAE 29e9 HDTV #2 AFdAe AdAdc=z
Dolby-developed AC-31} Dolby Digitale] F&o|tH22]. ©l
N&e Al Ad 2R g AZE AAToZH &3
o] #¢ glo] 22 HolH AVE HAFI EF 0%
3 o0Q Ald EWE ¢ low-rate hit streamS.Z ¥3
bssit21]. #Zole 3Ad S AYdste] £ B
T 2HHdA 622 AEtee TWA JMEsih

3.1 AC-3 2| Ee ¢dAh ujfH
AC-3 ¢IFL F 7 FEoE Wtk shue
encoderel Z o2 sluE decoderolth. 2l o] dAFelA

d
decoder %ol © AL FAUTE Atst¥ encoder= AH
2ol A A== W decoders AHITIE ZZAM7}F =
FeolAdE FolA A5y wiFolty A7t encodere
decoder®] & #A4olth (¥ 6)oA Be RAFH Zo] AC-3
ZH AL AC-3 decoderd] YELE Eojzirh 7} Ty Y2
12719 d=F 7R3 Sl oA [2]0] H71Ho] gith

i

rlo

| 'smc { cre | st | Bsi [ apo | ae1 [ sz | aBs | s | aes | aux | cre |

decoder= encoded stream& &7|3}slol sla, ¢ X3
ool J2&8 A=k 39, encoded spectral envelopet
quantized mantissa[4]¢} 22 thda Eigle) TS A
of @t} X)=(exponent) F-¥-& spectral envelopeZ5-E A
A E 3 7} (mantissa) FEL HE o] o] AV|= 7%
o2RE AN, o T REL AN mH[RIYA PCM
samples £¥3t7] 98 2% dh

AC-3 d3glE2 129419 75 EEEE AL
]  bit allocation, mantissa unpacking, inverse trans—
formation[22], ©o] AI7}A F8 REC] A3 &% FFS
v, o] REES (O™ 6)9 H& A 9 ¢ ZAH
o] sitt.

AC-3 bit streamolA 2 70¢] mantissas &2 Q ©lo]

ro
k=l
0z

= QU FH ZFIE AT ADL 718 IS AFE 279

Bit stream parsing (Sync, CRC check)

Encoded AC-3
Bit-Stream

Quantized manissas
Bit allocation
Encoded git |velues Reconstuction
Spectral [—* allocation| g npacking. |
Frveioee
anissas
to-Time T
Inverse DCT
Spectral Window overlapfadd| )
Envelope [LXPOnents - PCM Time
Encoding DownMix | Samples

(3% 6) AC-3 L2 7|5 2=

B A4 98 FoAch dolgE 9 YA w71 A
2929 mantissa® ste] HAF @B A 1F3 Hh
bit allocation F8IA ZF 259 bit allocation EQIEE 4
A5 o}Z ol g4 decodersl M THA 1FL U 22tel
mantissa HoJE|2 EF & 4 Ut} mantissa® thAl BF
e BACA g it FHle] FEAHoR WA

tr_coefffk] = mant[k] >> explkl;
tr_coeff(k] = quant_tablmant_codelk]] >> explkl;

1% 3H9 mantissa® VYFE A4 thEe] diFEelth

mant_code[al = truncate (group_code / 25)
mant_code[b] = truncate ({(group_code % 25) / 5 );
mant_codelc] = (group_code % 25) % 5;

mantissa® B3 FFA shift®} modulo A4to] A
AHEEE RAE B F vk

mantissa®] 1§ WHI F7H F Z encoded g
Fag Ag Aol AMHEY inverse transform ZEL 7|
EAH o= [FFT (nverse fast fourier transform) ¢nd &2
AHgshE), ol AFE Fabg EHAAA A 2
2 ¥t o] HAAA g F I Fag Fx o
o] At}

i

T jo

A

P

for(k=0: k<N/4: k++)
Z[k]=(X[N/2-2*k—-1]*xcosl[k]-
[2xk]*xsinl[k])+j*(X[2*xk]*xcosl[k]+
X[N/2—2*k—-1}*xsinl[k]):

for(n=0; n<N/4: n++) {

z[n] =0

for(k=0: k<N/4: k++)

z[n] += Z[k]*(cos(8*pixk*n/N)+j* sin(8+pixk*n/N));
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T3 Z2AME B
o2 3ol gy FaFEAE Dolby Laboratories INC. ol
E AC-3 ZEE 75 253 C2 Holdth #F
A 2T ZRAMAA FA7] A &
golBe s T FF aH ZEAAMR AE
=

ojof at&Hl ole W HEE opAzZY. 2
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2 gt olAg uoly] 93 £ ATelA oA W
A% 43sAt B8-S word Aol(WLE 7Hd 74 2
44 20 e
WL
CITTTTTTITT]
H_}%V———/
WL FWL

H dojg] TR WIS H3 F3(sign), AT
(integer), ¥ H]E(fractional bits)® TAHT AFLE ¥
g3ty Y%k vlE9l #E IWL(integer word legth)2} 3},
254E€ X8}y 4% v E9 & FWL(fractional word-
length)et &t Z28j4 WL = IWL + FWL + 1o] 93
t}. o & Eo] [WLe] 29 8hit &, 01000100 | lthd, ¢
A42E +1000100, X422+ 21562 d4qEd. WLH
FWLd w2} R(range)® Q(guantizatio step)”t 24 <h R
S M gp<a™, QE Q=2 =27 "ot} [TWLY
27} 7= ¥4 overflow® 98 4 A9 quantiza-
tion xo|2& F7HAZITE 284 AAY IWL Z7|e 2
A2 (range)ell &3 AA = ojof gt 2 T2 §9
HAAE Adstr] 93] Sl AEdoldd 7gst
A o2 HMH (simulation-based range estimation meth-
od)13]& A &35t

BE9 ANSI C A4 FA4lolA double precision product
Aol st FERE AT W 1 &heF FHLS over-
flowE =t7] 98] 2 49 §E& FAch (28 DM
2o product A7e] FHER Fi AZE I =F
0% ¥4& F vt ARFHoR A9 AC-3 A=%e

.
E2A B AdEY AZE dato] FE 1A a7y WA

14 a5
1=}
o

i)

e

void cifft{void) {
double br, bi, cr, ci, dr, di, rtemp, itemp, -

rtemp = br * cr— bi * ci:
itemp = br * ci + bi * crs

(a) a segment of floating-point code

void cifft(void) {
long br, bi, cr, ci, dr, di, rtemp, itemp, -~

rtemp = (br * cr)>>15 - {bi * ci}>>15:
itemp = (br * ci)>>15 + (bi * cr)>>15:

(b) translated to fixed-point data formats
(22 7) B2 448e 18 44K HBBLE ofF

4. MOG and OCDFG

Qo ARAYE By WAY [SAE 2= 44 3

4 Sls wWetd wEtn sbgeth webd At
Age Az ISAWAA 7Hg ol4H HAY fja 93
of NHAE RES ABHol gom Az fl4 Yyols
& a2 3= oA ARHA AEW A A wh
of £ =golAt B olalo] AW SA%} ohd 4 =
2adel e 2o e A5E AT £549 ISA
2 2t B2 WAL ARET $o3 $4 22y 3=
YelH Zolx nA4E 1SAd el DA AR Adse 2
Sg8 mEg P o3 e A= ABo wE2
¥4 2% Aol Foln $4 Zzadel el Snd
A= 44e T 5 UE Y B9 oA 3Hols 3

e oAl HHole A3 oule 27 Eod BY
o wEtA 2 FdAes 9nE 2o HE83] 3] YA
g 749 408 ¢ 2852 dth AA machine oper-

ation graphMOG)EtxL 2= directed graphS % 2jgt}
MOGe oH1EA 9 dolH #HA28E 5" A4 54
(operational behavior)& F7438tgtct. MOGAIAM S 24249
L= dolE 2ol dAF & (operational unit)ol] -8
F MY =28 dAse el oAy, v 2709 =
u, v dAste Yujojt RE A4 ==E Zize o
FHE dolE Ho Stk (28 8) (AT 349 d4t &
Eol M2 d4dHo e dHeolH #AE x¥3n 1
) ol dlolE wx 2
A A4 x=e A4 @9

$de 298 ==& 44 :=E(operation node)

g ezt K
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o
fed

Lo
R oX
-
i
Rul

o
& inbound, outbound =25 3l o]R3d}a
FEE /A3 vt wEbA, ofs, B EHH
Zhzte] 1Y X ES dAH Yv s 22 LY

fr S8
N Ty ol VA

MR 2 om0

Shydle +(21), << 2, 1) ¢ *(2, Vo2 Fdd 37
A w7 2% MOGIA eHA=E & |t
oAU X2 Hrd 2L AF 84U F ok &)

br

{latch b |

[ latch a I

(a) E (b)
(22 8) OBIEIX OlFI2 MOG
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[39] 1] F°IA machine operation graph M = (Vm, Em)
o] Sttt AAE o w4 YAol: o7 o]
AR} 1 = (Vi, Ei) Vi < Vm °)Z Ei 94 A
A Emg FEFHPl dHe & Fod MOGY
connected sub graph I 7} #Al =®aelst =}
ek xxo] Jgrt 14 Afdde I ¢Esidn
slo] 27 o)A Fgel= Bitolzty dh,

H&o] 7} sty ]9 =2 FAH connected graph
olBR <yl v2, vk>& QAEIE HAR dh oo b
27} &A%} ghek kgko] simple pathe] Ho) Zolzld o
Hol 12 kB¢ 9Hojgtn RE d¢ FHoje A4
wabd 1-23 gH@ojolnh (¥ 8) (b)llA Al e g
Hgo] +(2, 1), *(2, 1), <<(2, ) 281 HHoz FA o
Je Al Y 2-BF "HH 7t ST MOGE ¢l
A =g 74749 A =308 AZA e FHIH
2 ARELS #AHAY o & Y 8@)A9Y feedback
dolg] W2~ HB= A4 MOGE E¥EHo e 8b) L
ZolE FAHA gk

(29 5 @] e ¢4 Z2ad 3= R ¥
2 control data flow graph(CDFG) 2 Zd o] gt

rir

2 1

CDFGY Z4z+y) 718 EE2 DAG (directed acyclic
graph) FEHIE Zt= ulolg 3§ I =9 ez Fojz
DAG D = (Vp,Ep) oA Ede HlolH 385 Fd8H ==

A% Vde CDFG 941 A% == AFE vehdls Vo
% CDFG Aitell oajr BAAHAY A5 = dolE gl
FAFo2 T A (Vp = Vo U Vo). B3 B2
Aol ob7lEA HH, & Bl HAle) ISAE E¥a gl
E Aol MOGol F47 &§ =213 F=E R FF2
2 xdstlE Wl Yehhe AR CDFGelth
w2t Foixl MOG Mol tiete] e a2 A4
H$H & Me2RE 2% vl 93059 A% (L L)
2 wgsts AAolftm & & ginh AdHAM FE=
= HolH & Vdg ob1gAd A% a42 19
®E Vog HAl BHel 1= 24 wgd A o
A& g,
AF MOG, CDFGel #aiA oA gl
A 1€ ARdeEe 13" MOGAA A3
WRSFAA, 2= A9 ISAC] F7HE< tﬂE‘é
F3NA Alt} E— 7HHQ BHIEL opEAE E7
T MOG¢ -8 Z2ad9 m=g JehiE CDFG 3X
°]

r
o
Y

2 3L
i

rﬁL M >
mlm of o mlm o,

Aoz o] Aga, Fg44 e olga7] 93
N $de &8 B9 CDFGE &3 sjoF & Bas)
S kel s1Ee) CDFGE A% BY% 2o $4 =

2% =9 #FASY EHQFA AAF ARES XF
gt g7l WEolth webA 7t 82 she At
o&4 AERUS ElAl 8= operation CDFG(OCDFG)
ejgrt

g

T8 UL DY HNFGE 2T ADL 7|8 I ALS 289

9 (od

5)2| IR2EE| MME OCDFG

(A9 2] F493 CDFG D = (VD,ED)9l wis|4] operation
CDFG Do = (Vo,Eo)etx 3z} °]9 Vo, Eo %
VD, ED ¢] #A45 A5rA Vo = VD 4%
°|2 Eo & Vo & 943l A& 9|3t

(29 9= (I¥ 5)ol4 83 IR F v OCDFGE
veldc} 7]€8) CDFGA HlaiA Z= ujellA ditzte] 9
24 A2 Bo BeaA ZR)ED. 7)&9 CDFGOIA

ez e A2 2e A ARE 7 A Aksin
2zte] AFAAWNE R4,

OCDFGAIA 8 747t} wEE 7|84 02 MOGHA Y
A =29 FUsith wEtd F Y D EA T =
= dX|(single node matching)S 7] 7hdsivt g3
ol [/O ZE] g Huiozn gz 7E &
& = Aok FAFSHAl OCDFGAl A9 A= ¢4 Z2aY
A=A Aaztel 4E4S Ve MOGOIA Y dA&
AA 29 dlolH #HAE vepdTh wEkx OCDFGelA
% =% (multiple node)? MOGA 9] k-E3 H&H A

(¢

/‘\l.
o o

Build an MOG M from the target architecture.
2. Build an OCDFG D from the CDFG for the application.
3. Find all simple instructions from M and insert them to the base in-
struction set S.
4. Describe Sin our ADL to target the compiler to §.
5. Compile the AC-3 code and measure the performance on the target
processor with S.
6. Profile the performance results to make a set O of common oper-
ation patterns extracted from D.
7. Sort all operation patterns in O according to their importance at run
time.
8. For each operation pattern o of O in the sorted order, do
1) Check if there exists a composite instruction i in M which o
matches according to Definition 3.
2) [Ifiis found, test if i is valid.
3) |If iis valid, insert i into S by describing i in the ADL.
9. Describe the augmented set § in the ADL to recompile the AC-3

code and measure the performance of the compiled code

(38 10) 38 =Z=T40f| St HHOE 37| I8 AL



282 FEHeIED=EXA FHI13-AZ Hi4=(2006.8)

9 FAL 2E WY == QA0 HAAE G ADE
AR 2R AW QA FAZ WG Absdch of W@
QoA A4 Qo) 018 AHgs Ao

(29 3] FoJ4 OCDFGeIA 44 sj€le] Aol= OCDFG
2] connected subgraph® ¢]u]¥tcl. whefe] s=
P 7} k-5% %dols} dxjddd = AL P
£ k-matchable sj€loje}a R&r}.

Aol Ao M (2 PN HAHLZ FAIH 2719
B2 MOGe e 21D+ >>CD,+@D1Y 2-
B galoje 42 dX Hug (I2¥ Qo YE ofFHA
of tidted 2-matchable HE ot} A S8E MOG%
OCDFGE 7t ggd mal wHog AHdstn 7|&2
ISAel F7ke 2 719 g3 B&HoAE T3 ofgA Ay
4 9 3=rt FEHEAE Bt

5. AC-3 53 H#"o 7|

E Fode AC-3 $% Z2ad I=d dia] Folz
B ol Ao tal /b ol BHel Ae 2

&AM ALgE ADLY 71Whg Hatdefo] oigh A<l
T A%E <21 Yt e d7E F9A ADLE V|9
o2 3 AAGAl B EAES Ade] dF=HUG 4
Usld ADL2 7|2 ISAd Al2¢ HHolg Frtstun &
oo uf$ H@Holx wEA HEF HH FF dHA
AAZe] 7453EE st =3 ADLol 93] AFA re-
target® = A47ic Aod @ =T g 71 FH
of g9 g wEn A8 FJrtE hsstA siEh (2
g 109 HAL $e9 AHRdydE ol&dd Fold EA
ofF|El o] dalx AHEHE ISAE 2 F3E& HYFa
otk @A 1, 2= MOGS OCFDGE o443t Aoz of
U 473 A AP A AA tisiHE oojAE H
oA A syt

?lst g2lM st
F3 MOG® OCDFGE o
o7} Fol B3l o7 €A
22 Z9dozn 8§3Ee H
e dojg s 1A, <
ol A A whek
oM e oled A%z
A &3 (¥ 1DelA Bole AC-3 &4&
) A Z2AM 2L o] o}
L EA 7E ISAE golA dFHIE g
el =mE 3ok ol ¢l

N

ot
)
=
i)
R
e
1y Pk

oo ol o U [K AL 2 W[y o ode
j-_N/
=)
tijo
ke

e Ao o

L)

opcode Rn | operanat | Operand2 Data Processing
opcode Rn | Rd | Offset Load / Store
opcode Offset Branch
LRd | o [imm Operand1
Rm Shift imm 42 §
or 3  Operan: R d
Rm TN N unuee
(@)
1100 1 1o
1101 1 1 110
1110 1 1 0000
m 0000 1
Control Stors
Address Register  COntrol Store Instruction Reglatel
tits
(b) (c)

(32 1) P20l Zo, E}Z) Z2MA2] control memory/store, MOG

HhEA] g HEol= Edhsjopvt g
= ZA dole A, wWEy FZ(load/

Ho| gl U3 o=#d4 RET register-in-
direct, displacement, absolute, immediateE F g3} &)
o] g7l ofFld Ao ME BE W oy Ay wWHEsL
3 7testn dHole dAzoME ¥ JHAY i @Hst
A 45 dojA UFe 2oy FHeode 5§ U
o2 Aol 7HsstEE Hol
o] 2715 A 37] 3 opFldA A duv=
Nzdo A ALgEE ZZa 7bsd IPllA 20l mi-
cro-programmed control unit2 AFE3lZ 3tk Control
it A P HHolE st T doE] oA
FYse A3 dAE Aojgrt HA H#HoE micro op-
eratione|2t2 E# & control signalE¢] timed sequence©l
A =3 ]2l mice operationES Bl &
Azel dxgd A&t o3 micro operationEE A
Asl= storageE control store & control memory il
221t gEod opcode= ©}E 3t control memoryd F4
24 Algso] 9WHolol g micro operation sequence’t
control memory? £ o HZA#H Control memory
o AMLHA g Fao 2L micro operation sequence
£ 7]|E3}1 control memory addressE opcode® A 2] gt}
4] dFPFel B wHHoE MOGY connected
subgrapholl A dojZtt & Sof (1 11) h)E ¥R
A ox(2, 1), ALU@, 1)9] 27h¢] ==& Z'+ subgraphe 3
ol 2-83 WHols o|Fu) oleidt B3 PHojd miw
Eld e waolo] e micro operation sequence® A4
gozs ¢l 7hdict. ek El98 micro operation se-
quenceZ oWl H3 wWHols Pvin #udle JE
[SA9] Frteith diole] sfxe} Ao A et A
e 2t HHyolg Ze B Az 5 gk
2HE w3k AHo] Huo] Y= Zololrh
Z

S2l9 B wAY Agds 14 HE o) WHE A}



olo

=
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[l

=z

£3lm2 MOGA deolz BE B oyt gadd A
2 olyrh wety EH 17} encoded ATHH WA H#H o]
A= Zol AEE A=A 8lA HEyo eHA= JAF
E Aol gt} Instruction word length = opcode +
operand(operand 7R4**operand bit F°)& TFAHEZZ 271X
SHA=e] 248 AMEEE gty WA WHold o
total operand bit2 MOGAIA T& & k. MOGE 4t¥
By At =20 E /O RE ARE sl . (2
HA= Jg R Ik ivh) TEE aA B H¥
o] AT AMEEE Y TES R OE Al
Azdo] e R TEZ A gtk exaAlzel A
FE 9B XEQ S vl Ztzhe] e A= o
8 bit4 e SH A= MFE encoding AFHE AAFAE T8
g g40lt) [15] whoF wWHole o= A7t VR @
oldl BEo] Y= o] AT YN Ao Zzte] o
APz d3HE bitbE S HA B9Ho] 9= Hols
oaojol 3o}, o]2|¥ ZA$= long, complex WHO|E A&

S CISCT=ZAA HIsA TS AR, 289 =
HoAME LHAs T F/HE QAT LHAUE bit FhE
nHsA Fevh gustd dA2H SHA=Y bitTE F
dozn 24 ZEaw 3z YoM g B dRLH &

2 (register spill)o] LAst] 223 A% At 284
mj&ol v},

|22 Eﬂ*E #3E (29 1Y 42 Fa 2T
[SAdlE Z2& At Biglef o8 oj=eA REE 2= D‘s
o7} Stk +(2 Del 22 g WHoE A HE o
Hole v 22 Oudd oedy e VM F itk

add r1,r2 /rl =1l +12
add r1,r2r3  //rl =12 +13
add r1,r2,imm // rl = r2 + imm
add r,imm1,imm2 // r =imml + imm2

gk, MOGUolA 3hte) B wH o7t W HAUATH,
MOGOI A& storage typed] w3t AE7} ¢l7] g o=
g4 B2E Agde & F givh ggA B a=EE
e FAolA WHost o] F e BE JHEE o=
A4 Rog Fojolyt I Qe o=y REv EF
BEolol tEiA MAHNE W oA H FAZ A
2 gk dE g4 (2™ 1) @9 e F AY =
= {+2D, €D FAHO Y+ add-shift-left £ ™
Hel 2-E3he Hole vge 44 7iRle 2= A
7Vs 8t

addsl r1,r2r3 // rl = (r1+r2) << 13

addsl r1,r2,imm // 11 = (11+12) << imm
addsl rl,imm,r2 // 1l = (rl+imm) << 12
adds] r,imm]l,imm2 // r = (rfimml) << imm?2
addsl r1,r2,r3,n /1l = (2+13) << n
addsl rl,imm,r2,n // 11 = (imm+r2) << n

N,

v}

oL ot

: two address format

i
o
=]
Im
fot
i
on
2
L
o
rot

>
0A

2rCle R4 %

1A

B2 2|3t ADL 718 BT U ALE 283
o] Aol ARE oFA=S] Hf‘ro]u}. ol = )
3ol A 4709 R eHA=E 2] "l it
source, destinationo] FF-HTtL S 7] Aok 3749 27
A=E ALY oz gPsha oA 9.
g2 Agtege A AYd == (2D CD+21DPE
N3 shift-left-mult-add B39 B9 £ e¥d
=¢] usage°|th
slmadd r1,r2,r3
slmadd rl,r2,imm
slmadd r1,imm,r2

/7l = (12} + (12<<3)
//rl = (r1#12) + (r2<<imm)
// 11 = (rlximm) + (imm<<r2)
slmadd r1,r2,r3,n // 1l = (£2%r3) + (r3<<n)
slmadd rl,imm,r2,n // rl = (imm#*r2) + (12<<n)

* Aake] T WA e¥@=g << @ikl A A oA
=7} 4L FHIAL olgF A oy Ay At
ol AZ4H storage 849 AFE 5 ol LA} o
JAANME 11 = (1l * 12) + (3 << n) g FIPE F
%’1" qy REE Zhe B3 5§ #HEos) gl o

t 319 addsl W#HolNA 2 Zo] storage 849 el
EH?& 284 Xﬂﬁ‘l o Folt},

52 AC-3E $i8t =% wgol Mg

5180 A AuE ule} o] BlFd HEF HH
L A$ol A control memoryd] AAEHE B
T AA B3 gHod dg tgd oy EE
of A FAXA Pk dwrE oz nifle] HA W o]
Agst7] A8AM "Ha g vre e o m
"ok 9714 ak dat Bl dig HEE o=dY B
=9 7H'F-T’- m% g #o] mt} micro operation®] 7§t}
A E m * agtel =k 20914 304
b HER —FZ_ tet ngke]l AXNA 2 A$olE control
memory &Zrol A@3 A F7tEA @t o)A Jhed
2 3te gudE A2"dAME
G dyoez AFHE Arirt 89 data
processing, load/store, branch™t& 7t T3 of 7] €A 9
AE 4Gy 2L AAZe E/FIHAE o8 or
7Hsd B3 gyole 4ot PutFol A A2HoE 7}

333l

2 2€ 28¢ Wluce A5 4¢ Agels 20
A 2 d5e BiE bIE S sl A A9 w9
2 Al F7ks

10) Basith Ayt BEe] Hol A
2 488 $E o QuHoz 3
d01 A 7)o @ s

39
$ 2 9o} AY FH FoIA s HHe) Pgo] A

e,
>
[
rlo
rx
By

GPP(General purpose processor)@H= T2 ASIP(application
specific instruction set processor)2 ¥FEZHolu EH Q3
Hyo] YL AASE WHol A AVE EFYLENA

2) ‘< (2% 1) ©9 F M9 shift A3 FolAM 58 @k

3 <CE (@B 1) ©9 F Y shift A FollA #A5 S oulgch
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ok

$¢ Zzad sz s OCDFGAA JEh)z
non-matchable & W&ol Z& wdHAH ALz
Zt= WHolE oudtt olge AFE A A4 AC-3

o Z2add AR ojyd HFRETe] AC-3 ZZ
A% HHolE 27| YA ¥ A AR HUeR BAE
&5 3 Za3 gHojuko] [SAY] F7tE
g & AC-3 fzd9 7 28% 5709 FE&

g3 Qo &Y faleE U9 HolHY & Ly
tzrie] A Alzkel disiA ztzhe] FElo] A stn
H] 58 e

function Junpmants] cifft |window_d} idctsc | Idctsc2 etc
time(%) | 32.85 20.86 9.77 4.44 3.76 28.3

EE AYRY 5 Fag Feo| A F3Azre 3/4
£ AAREY. B3 gHS FeM FIARE Fol7)
AsA, SellA 27t AFF FAE #3508 wol 1
k. WA AA A2 $8 TE2aYW I=E IR Eo2
CDFG 9oz ¥Wag 5 CDFGE OCDFGE Wdstd
(2% 12)9F Zo] 4y Al 7HF ABSA 2P AN
P 101E Zdrh 1074 el FolM 245689 ¢ 670
o] djelel ] Xy shift dAte] Jpg WlwE A BAlsty
o oolg BE AFHEE 3 25HoE WAy gio

g 4

‘4. oA —2—01 A4t s 2% 2549 fractional part

po rf X mlo MU a0k off N

Lmﬂ&

>

=
<

rr o

229 A U1*1°ﬂ/\1 matchable$HX| & 4@ dof gt} o]F
A8 HwA4 (2" 1DAA 233 B2l 1AL 93 MOGE
At o5 Held AdA Hie MOGY sub-graphE Fe
o} whok dE®le] AXEH dXH o] 517 AFF
AA g oFgA 9] A 20L& A=A BgA zA

DI

)

(3% 12) AC-30IM CHEEQ| AlZkg 495kE B89 o4t
T

5 @ 534 RALE 534 gHolE [SAY NEA #
a:l=8

HE 9= ¥ 2 58 XdstE A FEs8kA}. vheko] g
9 2, 57 3 HE guelAwt dojdd sig 2, 5o
dig o e HHYolE Frlste dlaldl v B¢ #Hy
o] & 9& F7lete Aol o Wl o] Zo] matchable
g Held gAE HE Fold welr $HEYE T
%, HE 99] Eol& 30lu H¥ 2 59 FolE 2022 W
ok " 99| B4l dFFTH $AHFHOE [SAd F7}
=3

AFHE PR EYSIAE fEle Hddre Fol7t

7hd & 309 #eo] EF ER mAl9 MOGSH 071]E]7<]
wokoh el 10 JA A=A w2tA 1008 s )
H FoAM B2l Hale MOG® matchabledt 671 9) -L"Ei s

01‘47“5]915}341‘3123456 EE Folz 22 &

Gshes sdel Wl B $AedE s
T8 o] 44 Y HHe BF B2 vl ey A2
NE BF BEd fEow tebd

o addsl® %
tive &2 oju] y|&%t
;ﬂzﬂoi _dy]] }‘6]
¢} ADLO AAHE4 3 3 :% 7Yk Fie),

< A Bz vie} o] 53 wHy

! 719 FelZ AlgeoledlA &
#Hol S ARt 7l¢¥® ADL
< 53 AR ALY E A8 AR o4Ey e
o e FAREAT. 2 Fo] <FE 2> w=d e 1o
M EE 4 8 /MR 9] Wi ADLA 2% 3
Bolz 7]&eth ADLY 37Y ARE Jwow AUz
B 1 Z2AAY %A eA"dtz oA Hody m=9

AL <% >
Aot vlo]ER H

Hee HAYT. old@ 4 AR AN Alel Falolrh
2719 W74 wEs RE 45 e S4a.

CHE 1) 67He] HHOPt XM= (SAM F7HEl Fo| S5 Hado| M

Instr.

Base (&) 12 [ 123 | (1,234 1(1,2345)[(1,23456)
Func.

unpmants | 1116672 | 976320 | 965883 | 871519 | 785213 | 785213 785213

Cifft 709048 | 654908 | 610108 | 609944 | 609944 | 609944 | 609872

Window_d | 332244 | 267732 | 249300 | 249300 | 249120 | 249120 249120
Idetsc2 150072 | 133820 | 114748 | 114748 | 110460 | 110460 110460

Idctsc 127902 | 110750 | 92318 | 92318 | 92318 92318 92318

Total 2436838 | 2143530 | 2032357 [ 1937829 | 1847055 | 1847055 | 1846983
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E Z2730 SsE FEH0

i

(B2 28 1227 M3 oM THel o

A E{Eo| BIZ(AIR 2
HA|)
o bstr.} gy ) (3) @ ©) ®
unpmants | 140352 10437 94364 86306 0 0
Cifft | 5440 | as0 | 164 0 11200 7
window_d 64512 18432 0 180 4608 0
idetsz | 17152 | 19072 0 o8 | 58 0
dose | 1752 | 18432 0 0 4608 0
Towl | 298308 | L1173 | o428 | oot | 266 7

(ZE 3) oI 4ol Tt A2 oK Fo| Z= FUlef A4

£9

=i

(HIO|EZ H7|)
_ st pase | @ | 42 |23 | az3a | 02349 | 023458
unpmants | 4440 | 4216 | 4200 | 3768 3552 35652 3552
cifft 1700 | 1620 | 1588 | 1572 1572 1572 1568
idetsc | 444 | 416 | 364 | 364 | 364 364 364
idetsc2 524 492 436 436 428 428 428
window d | 752 | 704 | 672 | 672 | 652 652 652
Total 7860 | 7448 | 7260 | 6812 6568 6568 6564
<E 1>AA 5709 F838 FrRle] 28ARS vusELHA

6719 53 wHoE F
Ax AT 53, AC-3 "zg A3 A7
1/3 AEE A= unpmants Feo dAE 40%H =Y
FAkol Qlgith ® 3¢ mEW IS FA7E PJTHOE o
= W%E 4T AIFEE 290 THA WEs 3=
7|7} opd Ay APMI Z1uks A AC-3 tlmu2RE o
A g Fag F9& A i AdHoz FIA
% EFddgA 2= A lit} H 2 E2%E vepls A &
T At

2 7R FvEe Fe ¥ 20 w29 Jd 59 ¢ o
z] FEAA QA BAFE £t FHAE
e AL ¥ 1o WEW I F7|9 7
T oldd AF= HY 29 55 EF 9
o2A 2719 see] giF o] BAEY]
o3 grrt oW W AeidlME H@E 50 o3 A
g4 7ldety] JdEvheEd vk waka, HE 29 5
o=z " 27t 2 Fole H\ 5o 3 QMg
7} gleug HY 55 ISAd F7181x] &olx ®Y. ol
A% B4 2438 EdE HF ADL A&dA Hd 5— xﬂ
Agrh ol £A AFHZRE ded dary NE
7L ISAE YA & A HHo 4
W AsdE A= o]&dte] AA A
g3 ABE IS F Utk olgA A
& ALsH WAEE ISAY 2 ARdd 7=2 A
7] $18iA= ADLel 71w AR Asidse] HeAio
oAl g Az

o _k;i
il

=
(o)

3t
=

Z3sly AA AC-3 tIFY A gy =
339K 2576K= tEF 133 =7 48t [21e] =
29 AC-3 dadE st ede ZeHge Aeshy] 4

>

o L2 Y 2HE (s ADL 7I8 Zoded AFE 285

3 32msec’t B L3tk CPI (cycle per instruction)?} 1o}k
I b3 V)1 ISAY g Hage 2Y Fase
106MHz (3399K/32msec)o|tt. AAZE CPlT 1HY 3B
2 106MHz ©]29] 28 F345E Jtxjof gk olad =
AL low-end 14 A2FH Z2AMAME E7bFs] 24
o ATk AC-3 Z=o tist H3id oAl Ao 85§ |
HolE Frletd YR8 E e FI4E 80MHz (2576K /
Rmsec)7tA] FE 4 St

6. S7I2 #H HF

[o

T+ 298 Z2AA YaRlSE 2 bR gAY

ATHAAA AFHU FTE ATFE FHA ¢
& b= A2g ZIAMEO] Y Ao 2l
A AstA AFHA AEE EA HAek 2T AT
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ISADesc primitiveDesc

| ISATopDesc ISAStorageDesc

! ISAAddressModeDescListinstructionDesclist
ISAAddressModeDescListinstructionDescList :

| ISAAddressModeDescListinstructionListElement

| ISAInstructionSetDesc

| ISAAddressModeDesc

| ISAlnstructionDesc

ISAAddressModeSetDesc : addressModeSetDecl

addressModeSetList

addressModeSetList addressModeSetElement
| addressModeSetElement
addressModeSetElement: ID SEMICOLON
ISAlnstructionSetDesc : instructionSetDecl

instructionSetDecl:

INSTRUCTIONSET ID LBRACE instructionSetList RBRACE

| INSTRUCTIONSET ID COLON ID LBRACE instructionSetList RBRACE
| INSTRUCTIONSET ID LBRACE RBRACE

| INSTRUCTIONSET 1D COLON ID LBRACE RBRACE
instructionSetList: instructionSetList instructionSubSet

| instructionSubSet

instructionSubSet: ID SEMICOLON

| ISAAddressModeDescListinstructionDescList ISAAddressModeDesclListinstructionListElement

ISAAddressModeDesclistinstructionListElement: ISAAddressModeSetDesc

addressModeSetDecl : ADDRESSMODESET ID LBRACE addressModeSetList RBRACE
| ADDRESSMODESET ID COLON ID LBRACE addressModeSetList RBRACE

ISAAddressModeDesc: ADDRESSMODE ID COLON ID LBRACE addressModeBodyDesc RBRACE

ISAlnstructionDesc: INSTRUCTION ID COLON ID LBRACE instructionBodyDesc RBRACE
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