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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 concemn of the design, the approach based on an application specific instruction-set processor (ASIP) is considered more seriously
as one alternative design methodology. [n 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. (iven 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 rapidiv prototype a new ASIP for a specific application.

Key Words : Retargetable Compiler. Architecture Description Language, AC-3
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L8: (set (S r2) (SI: 12(fp))) /7 fp- frame pointer

(set (SI:
(set (SE
(set (SE:
(set (SL:
(set (SI:
(set (SI:
(set (SI:

r3) (SI: 0(r2)))

rd) (SI: 4(fp)))

r2) (SI: 0(rd)))

r2) (mult:SI (SI: r3) (SI: r2)))
r3) (SI: 16(fp))

13) (ss_plus:SI (SI: r3) (SL: 12))
16(fp)) (SL: r3)
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primitive {
type { qgi 8 hi 16; si 32: byte 8: halfword 16: word 32: }
operation {

ss_plus: ss_minus: mult: divi -+ mem_write: jump:

}
}
storage {
memory gi dmem {
latency 1 @[0x0000..0x9999]:
}
register si reg[16]:
programCounter rl5 PC:
stackPointer rl3 SPR:
}

(32 3) ADLOIAM MoA= primitive SAARD} storage

addressModeSet dataAddrModel : dataAddressMode {

regAddrModel; imm4AddrMode:
}
addressModeSet dataAddrMode? : dataAddressMode {
regAddrMode?: imm8AddrMode:
}
addressMode regAddrModel : dataAddrModel {
reg r3; action { r3 } syntax { r3 }
cost(0):
}

addressMode imm4AddrMode : dataAddrModel {
integer(4) int4: action { int4: } syntax { int4: }

cost(0):
}
addressMode regAddrMode? : dataAddrMode?2 {
reg r3: action { r3 } gyntax { r3 }
cost(0):
}

addressMode imm8AddrMode : dataAddrMode? {
integer(8) int8: action { int8 } syntax { int8: }
cost(0)
}instruction addsll: MultipleOps {
reg rl:
dataAddrModel opnl:
dataAddrMode? opnl:
action { rl = ashift(ss plus(rl opnl) opnl)); }
syntax { " addsl ":rl:”, "topnl:®, “uopn2:  }
cost(1):
}
instruction addsl? : MultipleOps {
reg rl, r2, r3:
integer(8) imms8:
action { rl = ashift(ss plus(r2 r3) imm8)) '}
syntax { " addsl ":pl:", “np2nt, "updst, "timm8 )
cost(1):

(22 4) ADLE 7128 5 JHel add-shift Z2of

& 3)9 primitive ss_minus ¢ diviz =gl A @Al
# oA S AT E}O‘ AB L3 primitive 44 ol 4
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29t B T e IEE AT )

addressMode$} instruction A& 7l ISA2l #al
Hojof o=y BEE V&gt HEHAAY ofuHy B
= 1} ISADescol A operand type, action ZZ#} 3 syntax®)
A7l Bug 7HITh o)l A5 HHol9 9]”]*% HA 0

storage A&
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ADLY 7144 add-shift-left H#Hl & Ko
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7 e e e
7 N, e /
Y AX AR AR
{ss plus) { ss_plus ( ss plus (ssylus)

(vz‘} </0 ) w ) (v ) </v2 )
e e !
s \ ENPE .
Ay O AT R
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% s e RN P
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Sloll x| AM, o=y Euok HEHo) A& action ¥
ZE Y VR =M 9E8e dgdn g dA A
Bl storage EFY ¥ primitive ss_plus®  Aeold ¥

(displacement) o] =@l Eo] A& oot}

action { efa = ss_plus(Rd, immb); }
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action { rd = ss_plustmult(rs, rm)) }

walojzh vl grxl o oA WE storage M
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deldh 4= olal cr gelyl of
: AR 4 Qv dld
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|
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off e i A:z1sfol dhid. encoded spectral en\'ul(n)e?}
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of el #4

arel
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TITATIN T

spectral (‘n\'clopv 'f'l A
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~(exponent)
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o} o [

AC-3 gl &8 12vkale] Vg Ml EA Vo] e
u o hit all()cutlon, mantissa  unpacking, nverse  trans
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o] sl
AC-3 bit streamoll 4] " 7H9] mantissat: EaF& ol o]
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Encoded AC*S*{ e . . .
Bit-= tream \ Bit ztream parzing (Sync, CRC check) l
§ l@uanhzed mantzzas
| Bit aliszation Mantissa,
Encoded l—- Bit |values Reconshuction
Spectral [ " allocation i
Emsops |
i Lhanbssas
Freg to-Time Ti
H { Inverse DCT
é Inverse FFT
;F‘L‘“";'e Exponentz | window averlap/add i . PCM Time
Encoding LA"_\'DMLJ Zamplezs

(18 ) AC-3 CIZe 7|5 2E

)3 A} o]
\ mantissass 2] AE
bit allocation ¥4 2+ 71Fel bit allocation #.¢}
2FshaL o] o] 45 (e(()deroﬂ*i Al - %’% LA
mantissa HelEl R - 8 42 Qi) :
Shiz spgel 4l vh-e] 1” JHH o]

tr_coeff(k]
tr_coefflk] =

e

'é}\-o 5 sh

{
i

I

|

3t ‘:r_x%o
(]

mantfk] >> explk]:
quani_tab[mant_code[k]] >> explkl;

o]

T e mantissa s vhEls AR vhol

mant_code[al = truncate (group_code / 25):
mant_code[h] = truncate ((group_code % 25) / 5 )

mant_code[c] = (group_code % 25} % 5;

mantissatr Htaks 4ol A shiftel modulo AAAte]l b

}\Pﬁ gi] = A

18 5 5 Ak

mantissa®l ZLeol vyl BtE F 7 encoded #v19)
Tk Al dghel AW inverse transform &S 7]
Ao il IFFT (Inverse fast fourier transform) &aid) 55
Abgshizdl, oliz AgE ik LiulRlel A ”\] Lole
woodEE o] wpdeA] g Y 7R sk Faod
o] gjut

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

Z[k]1=(X[N/2-2*k-1]*xcosl[k]~-

[2xk]*#xsinl[k]}+j*({X[2+k]*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[kl}*(cos(8*pixk*n/N)+j* sin(8*pixk+*n/N)):

}

32 2 4H AE Het

el W]y &8 EEirely) o] W u8g ¢
Mol 8h7) ]ﬁﬂ AC-3 ok oA 43 TR AME gl
o stefof st ¥ WAL Dolby Lahoratories INC. ol
A Akt AC-3 A B Ay CE sl HF
27EE A A ZaAAMA sty g A
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A4 e o AT gR ;e ¥E 254 HolE
g 2% 25H0% AR

A 2 doly EUWe WS 9 F5(sign), BT

(integer), ¥ W E(fractional bits)Z TA "} AFE &

H3l7] 913 v E2l & IWL(integer word legth)2} 8},
g 2887 g vES $£F FWL(fractional word-

length)e} g} 224 WL = TWL + FWL + 1o] A3
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void cifft(void) {
double br, bi, cr, ci, dr, di, rtemp, itemp, --;

rtemp = br * cr— bi * ci;
itemp = br * ci + bi * ¢cri

(a) a segment of floating-point code

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

rtemp = (br * cr}>>18 - (bi * ci)>>15:
itemp = (br * ¢i)>>15 + (bi * cr)>>15:

(b) translated to fixed-point data formats
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[49] 2] Fe]x CDFG D = (VD,ED)e] a4 operation
CDFG Do = (Vo,Eo)&t2 3l#}k ofd] Vo, Eo %
VD, ED ¢ 1S AgEd Vo & VD REAF
°|2 Eo & Vo & 973+ JdAE ov|dd

(28 9% 5)
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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. Sortall 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)
3)
9. Describe the augmented set § in the ADL to recompile the AC-3

if i is found, test if i is valid.
If iis valid, insert i into S by describing i in the ADL.

code and measure the performance of the compiled code
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opcode Rn [ operanat | Operand2 Data Processing
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Rd | of ['m'" Operand1
Shift |mm

Y o
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10 1 1 0000

ey 000 | 1
1 1
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[ O 0 N O O O O 0
Control Store B 1
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add rl,r2imm // r1 = r2 + imm
add r,imml,imm?2 /1 = imml + imm?2
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ISAAddressModeSetDesc : addressModeSetDecl

addressModeSetList
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| addressModeSetElement
addressModeSetElement: D SEMICOLON
ISAlnstructionSetDesc : instructionSetDecl

instructionSetDect:
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I INSTRUCTIONSET ID COLON ID LBRACE instructionSetList RBRACE
[ INSTRUCTIONSET 1D LBRACE RBRACE
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