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ABSTRACT

In this paper, a low-power 32-point IMDCT structure is proposed for MP3. Through re-odering of IMDCT
matrices, we propose the systolic structure operating with 16, 8, 4, 2, and 1 cycle, respectively. To reduce
power consumption, multiplication of each sub blocks are implemented by add and shift operation with CSD(Canonic
signed digit) form coefficients. To reduce, furthermore, the number of adders, we utilize the common sub-expression
sharing techniques. With these techniques, the relative power consumption of the proposed structure is reduced
by 58.4% comparison to the conventional structure using only 2’s complement form coefficient. Validity of the
proposed structure is proved through Verilog-HDL coding.

E AEEl GaElES 39Qs Fo] ASICLZ IC
& AFRE Aol EAF Woldtt. ey, F
Zoll= DSP ZZAME AMEEIA] &T hard wired

ILME

FH eyl ez orje Tl Ul th

F=7t HoAXEA MP3 g0} AlFe] uip- w
24 =3 ity MP3= MPEGI audio layer
me) guelEs Ak 2UeE ¥33 e 8
s3kitpl o9} e MP3E FZ DSP TZAHA

2 7R3 kA IC AFe] st ik MP3
B35 Aol 71 e diRe AAFhe HE]
IMDCT(Inverse Modified Discrete Cosine Transform)
ojtt. Wt EF7olHE DCT (Descrete cosine

* Anigtn PR 54158 F(ybjang @smu.ac.kr)
EEME  040062-0209, H5UA} 2004 28 109

1451



PFEANG 3 =FA] "04-10 Vol.29 No.10C

transform)®} IDCTE  AR&sh=dl] ¥iste] MPEG
audiodME MDCT9F IMDCTE AMg3ith ole
HEE DCTE A3l wio]Aqt 7184 A4t
e A9 o wEr &8 MDCT 725
AAE7] 98k DCTY T+2& AWE "art
9 DCTe 294071 BolAaN %L 1 gus
Fol A7EAGT, o9} e 3 AWHYEEL
DCT7F 7KR e F83 42& o83t A4t
FS AAT T3 HIYL 5T B9 ARRE
€ BZSdME AAT HEY 87E 95A1717)
% DCTY AR VLSI 727 d7=Ag. o]
9} e F=do] r2E 3&XV} /1 AL
UARE FEHRo] TRAME AEIe FEREO
Aoz zc) VLSIO HEE ZaAMe] £%7t
Wl wel DCTE TEAME ALl 783
' At B3 A= Yo gy, o)s} e
ZZANE AREE FEL Sl=Edole £Y 4 IA
T AAzEeZ AEE7] i ZEAMe &
o]l IgAoltt. wekx AF7A @A =S
o] P& ZIAME AN TR Y v F
37] $18ly slolrgs P27} A7sHT Y &
olpgle FZE AMEE [TollXe FAVIE WAE
Z2AME AR &3 AU(Arithmetic Unif), &
A7) 1T AR Z2AHNE X183l 2D 8
x8 DCTE T83t7] 918k 1208719 Qs A8
gk ey (719 HAe @ A AU ZRAME
A3t DCTE SRR Aol Z2AX Hhoj
7Wth. DCT} tiEo] Yxd JEeje] VLSI 7o)
M= FAQMe] 71 Fag gt gk gy
UAE "elo] FAL silr|e} FZE Ahg A
3l Y, GAe $£E AT $iskY
CSD(Canonic Signed Digit) < EIASFE AME-3F
G olg} Eo] QA £E S Hadshe
uhio 24 CSD¥ e FEASIN FEHES I
she whge] ATAJITHY B =Rdde ¥
TR0 ol&=E CSD ¥ A FEHE TR
< olf3le] HAY IMDCT E=L Aokt 3
ol B =79 1o e IMDCT 33 Esjol 2%
mult-rate IMDCT T2E AglsiH, MM S I
Aol At 72 UF EE58 ST 4ZE
Qrteke A e RS ARRSICE VA
dAe AEHIAE B3l ICY AT Au MY
25E Hlmgich

1452

0. S oMol =2 24515t Systolic
IMDCT 71X A

MPEG audio®lA AMHEE& IMDCTY] 3He o
29} Ao gl

cos[-Z(2k+ D(r+16)] k=0,-,31, 7=0, ~,63. M

ged 99 AL A8sd IMDCT Wee
32x649] YA YepfE og A5 2o,

xg a1 ayy aps > oanye || Xo
X az,1 Q23 Q2,3 ' 433 X
as, 32 XZ (2)

X2| = | @31 432 433 "
X63 Qg1 etz Ges3 v Ge ) | Xa

@9 AL 32649 PHolmg 2048709 F
Agitel ezt o] AollMe 2048709 FAA
& UM FRATH =G FAANE systolic ¥
Aoz AYdhe T2 ALIT:

19AZ B9 t4E o83k 2048709 FAA
AhS 1024709 FAAR0F 2N 4 k. wA
4 @9 FEE FHRE 73S VIEeE okl
9] WEo] Tt widoln] BE diFe olF:
dtk = 1637 183, 15307} 193, 1433 203),
-, 133} 3380] F&gh witjolu P} EF 343
FH ol ME tiE olF3 Uk F, 49%E 7]
Fo2 483 503, 4737 513, 4637 52, -,
3437 643Yo] 2o wtA o)s} 2L Yo FHA
& AAsE IMDCT ¥E2 o537 o] 32x329]
PHF2 BE ANdo] o]Folrk

xy a1 a2 a3 2w |[Xo
X18 19,1 Q19,2 @19,3 "7 419,32 X, )
X190 = | Q0,1 2.2 20,3 7T 42,32 )_(2

Xag ap,1 Qa2 Ga93 " apx) X

o] g AR xR E xeE TEE ©01F A}
£3l9 Yozl IMDCT E8&2 F71] At §lol
23] & 5 Utk & Y i H e £ xy
HE xpol -& FHSFE 7 F YA, 0o FH xS
P xe7hAe] E83 gonz H1HQ Allle]
ga fick Ot AE)E ol8sd 32x32¢ A
AiolnZ 1024709 FHAeE BE IMDCT 32
T8 4 Utk



p=3
=5

[T AZE A8 A8 MP3 IMDCTS] AR Systolic 72

2PAZ 23)Y] P 49 IS o18stu
F49 FE 1047004 A 322 ZaxE
Actk. A3) ABNA 24 AEE AHEH 3 o
HNME elementEe] @ AL o|F1 e AL &
A% 4 Yok & 199 324, 293 319, 387 31
g, -, 1687 1780] £3E5 A3ty A& o]F
I Uk wEb 32x329] BB 2709 16x162) 3
2 Bk 2 FolA oA 1709 16169 BH
2 2719] 8x8<] YH=E FaHr) o] o] PH9
RIS B39 6719 BF A4 EZo] ghEox|H,
Z+ £5& ARk 3t s gAY o<
256+64+16+4+1+1 =3427117} A} o]} o) 1949
22A1e] E P o] IS o83t 2048
7He FAL 32 FANA 833%2) FARA &
B35 4L F Utk 3TAIR 342709 FAANE |
Axele} pipeline AEl7t 7Fsd systolic FEE A
Rt} 8 dite] Ao FYHEE 3] 9
3l PA element 9] HXE 243 YHAIZ
of AR Alshe Wigolt). o] & WHoE
e tx= a9 13} 2ok

x0 {1 | [ S x17
X140 x19
X2 i 21
X3 4 ! [ x23
X4 {7 ' Pox25
x5 { : box27
x6{ Mi ! x29
X715 | x31
X814 Urrﬂfﬁ 16 cycle %33
X9 4w x’\ [ ! x35
X104 \ ' b-x37
X114 H i b x39
x121a | { | [ x41
X134 w | ! x43
X144 ' \\I i t x45
X154 °? l‘ . E x47
X31 4. . i ¥ ";:
X301 | | | e
[
SO I I 8 cycle x30
X284 A | x34
X274 | ) X38
x26 1 M \ [ kxu
X254 | x46
S o
- x2
X221 % x! (1 4 cycle 36
X217 - 44
X204 : s
x19Ja i ‘>§ P “heaa
X184 ! >é;7 zeyele | 00
X17 {% [~ 2 e -
X]Sla ; [ —>&>§ x32
- - x48

32 1. 97 g9 tjAL )83 IMDCT +F

g 18] FRE AWEA T jle] MUXE AR
3t 247} 16709) YEEAE AASh MUK ¢
gaeMe HaEg ®rEdoh 2d 19 3239 16
cycle B55E] 1 cycle 24 ABEH= FELe 4
7} oy A@-9)% 2o

i m&mm%ww%ww&wmmmﬁﬂkh
1699 8B -5 & 5l -S0-30 47 98-Sl 3-51 -0 W-09
-0 9054 BT 99 1643 -5 -7 08-98-9 3 47 9B
Xo1| | -B5-%1-98 €7 51-70-09 B B 54 I 28-99 16-55-88 | | XrXa
xo| | 9B 3530 00 B - F0-28 S 8 -88-F-9-16 || ¥y
| | 47T 0 -TBAD U6 980060100 BT ||
-5 315 B-O0 20 SM B %1 I5-S8-00 059 417
x| |G- -98 0998 47-%5-%1 2836 16 B & -2 | | XeXe
xpo| | 0 67080847 -89 3% B 88 W16 &5 20 0 || X Kp
98- B 16 22 S0-557 54 -9 4798 B 0970
X31 Xu-Xa
-7 54 38 90 A -5%5-16-99 09 %B-70 6 OB 47-%i 3%
X33 | g7 -1 35 XB-00 1 29-20 -0 54 558816 m || N Ke
xas| |- B M W 08-S S 2290 16 W RO-F || XuXn
-0 B S 6B F5-85-70-61 98 08-55M W2 || gy

X19 X5 X

Xx37 ( 4 )
B 15 B M54 K20 08 AT T KT 6N 0D B

X39| g -0 -1 71 -3 35 -8 -0 -0 15 88 -5 -0 -2 -0 51 | | 922

Xat XX

x| |008 035 064 0773 0290 0965 047 088L[ | orke)-Dhsk)|
o | |-020 096 0881 0471 073 063 095 00| | (ko)
o | | 04T 01020 0956 095 008 064 -0773| |erka)-X ke
xo | |06 0773 095 0098 0881 0471 0200 0%6] |Merk-Deetl)
x| 0773 0634 0098 09% 0471 0881 096 0290| |(orred-Dktic)
lxs | 0881 0471 0356 0290 -00%8 095 0773 0834 | (erkel-ora)
e | 1095 020 0471 0881 -08% 077 008 0.9‘36{ et¥el-ga) fs)

s | |-0085 0038 -0773 0634 085 0200 0881 -0471] |perk-kevte)
| | o omo oss s || Wkl |

m || 0555 01 00 0168 %Xfﬁ;ﬁig)

5 0831 0555 0195 0980 (Xézﬁz&?g)

. -0.980 -0.195 ~0.831 -0.55 (Xfxi;)f;ﬁ;)ﬁj ©
LJL L

(Kgt¥o +XstKegtKrt ot Xt Xog) —
(XetXagtXootXegtKetXort e Xe)

(X HXapt XXXt Kast Kot Ke) -
Metkatiathsttertathon) | ()

X -0.382 0.923

A -0.623 -0.382
L

(XX XigtX Xt Kok ot

Yot et Xzt XugthetXer+Xo ) -
(X HXaptX Kt os g ozt
XetXogtXiatXigHXs Xas i Xa) ®

-707

g
il

- d =

(Xt XistXig Xt ot Xt Kost
‘ i — XetkegtXigthigHXetorto ) +
Lx“s ' (KXt il Xos Yet Moot

Yo et it st Xstos g &)
M. CSD2}t Common Sub—expression=
ARZSt Sub-blocke| 7= AA|
1. CSS 16 cycle 7+=
28 1904 A 16 cycle FFEE 16x16=25671

9] FAQNol dagd, 16712 F471E ARt
16 cycle %ol Aito] SEHEE AABIE o] A

1453



FZENEI=EA] *04-10 Vol29 No.10C

dAe 16719 FAVIE WAl AZEE AMS3lY
EgFoE FHsh= TRE AN AFY T2
g AAls] Y8t F A BAE Agagch 5,
QAo Faks Fo]7] $81 CSD(Canonic Signed
Digin®e] "eAlF WA FEHES FhAske
CSS(Common Sub-expression Sharing) 1S =)
2315t o9} o] ARME WAlS H 83}y 3
2] @A AEEE 16719] Al 0.049, 0.146, 0.242,
0.336, 0427, 0514, 0.595, 0.671, 0.740, 0.803, 0.857,
0.903, 0941, 0970, 0.989, 0.998Z 18BIE A%
CSD¥o = Jehid R 13 gth

l

E 1. 12} 0dd IMDCT9] CSD& A%

0 {-1]-2{-3]|-4|-51-6(-7]|-8|-9|-10]-11]-12{-13|-14|-15|-16]|-17
0049 1 N 1 1 N
0146 1 s N N 1
0242 1 N 1 N 1 N
036 L N N N 1 N
04271 it N N N N 1
0514 1 1 N 1 N
056 | |! 1 N 1 N
067111 N N N N N N
0740 {j1 N N N N N 1
0803 |1 N 1 N N 1 N
0871 N N N 1 1
090 |1 N 1 N N N N
0941 1 N 1 1 1
0970 ||1 N 1 1 1 N
0989 11 N 1 1 N 1 1
0998 |1 v N 1

o] BollA cSS HAS HE3] 5l WA F
EHEES 25 AX0F FAEHE E 1049} 2
o] 101, 10N , 1001, 100N, 1000N, 10000N<] 67)2]
FEHEe] US4 & Atk 716l NON2
1017} 22 Hedelt}. &, +EE wfof 1012] HEel
g+ 2o NON9| sf€o] 7] uZojct. w2t &
19149] FEHEE g8 Zok

Xo=x;+ %, 22, x3=x,— 2,22,
x4=x1+x1>>3, x5=x1—x1>>3 (10)
xg=x1—x, 24 x=x,—x>>
£ 19 279 Ase FEAES Tha Oe
Hoz vepd 4 ik

1454

0.049=x3>>4+X4>>9“'x1>>17,
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stk A WA cycledl] E01L PFAE (Xo+Xa)-
Xis+X1e) FAlo] -0.098, -0.290, -0.471, -0.634,
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3. CSS 4 cycle =

Ao FEx 22 FAded] s=doiz 734
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0 |-11-2|-3|4{-5]|6 7|89 |-10[-11{-12]-13{-14]-15|-16{-17
(1015 1 N 1 N 1
056 1 1 N 1 N 1 N
s 1 N 1 1 1 N N N
01 N N 1 1 1
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2t}
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0.980 = x| — 2326 + 2,212 + %, >17.
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0 |-1|-2|-3(-4]|-5]-6(-7|-8|9|-10{-11}-12-13{-14]| -15| -16]| -17|

03 1 N 1 N N

0931 N N 1 1 N

2] (8)2 170e] FAle] "ash 2 (9)9 ke
-1 FemE Fado] Wax 9wtk 4 8)9 A%
g cshyoE Jehld R 59 2t}

E 5 5% 0dd IMDCTS] CSD¥ Al

0 -1 |-21-3[-4|5{6|-7(-8 |9 |-10{-11]-12{-13} -14] -15{-16] -17

077)1 N N 1 1 1 1

SEHEL AHRsld H49} ®5¢] 0.382, 0.923,
0.7079] AFEE e o Zh

0.382=x3>1 +x;>7—x,>13 —x; >17,
0.923=x,—x, 24— 5,96+, >9+x,>14, (14)
0.707=x;— 2322+ 2,26 + ;> 14 + 2, >17.

Aord 2 cycle 728} 1 cycle 72 2zt o



&89S HzE d3-8 AHEE MP3 IMDCTY) A-E Systolic 72

3 59} 63 h R 16, 8, 4, 2, 1 cycle 7=
= 48 /138 2487 1078 gaska Al
£ sidgate] 967171 Be3lm &8 AUS BiAdo)
30707F deskch mEkx F 136709 QAldAte]
ARgETE o7jdlAd 30709 &Y AUS RAVIe
AT zFsldo} gk

0.382

PN
- 0.923
X3

>>2‘ 1|

>>»7 = :

L/

RS-
x2
>»2 >»2
EZ ST )
14
>>
(4 x32
-1.000
—»x48

32| 6. Age AAY 1 cycle 72
V. 845 "ot

1. HDL =Y &F

E 6. 4, 2, leycle 729 &9

T il
&Y T 2¢] B8 ¥d
X20 0036219 0 0000100101000101
Xo8 0021768 1 1111101001101101
4cycle
X3 00133% 0 0000001101101001
X4 0026762 1 1111100100100110
2oyl Xo4 0003341 0 0000000011011010
e
X40 -0.015437 1 1111110000001100
X3 002452 1 1111100101111100
Icycle
X8 0858 1 0010010001011010

4, 5, 69] TXE CAAE AMR31 AlEdH A o1
t}. gd¥o=E 012, 0.11, 0.125, 0.092, 0.111,
0.099, 0.101, 0.1 17HIE 29] H4¥o 2 Wil
AHE3IATE E 62 8704 AEE SAMUE AFAA
AlggolAd 3 s A9E Yehidch =3
FPGA 27 TE& $13) AlterarAl®] MAX-Plus 1I
Verl0.2E8 ©]83}] Verilog-HDL Y3ty AlEd
o)A &ALk 4, 2, 1 cycle #Rol| WEIA Zkzke] W)
H B5E509] 16 clockset R AZE Aihe
ALl ke 288 2R Sl # clock
2 20005} X)7¥o] AQ¥™ simulation AT & 3.2
ps 9] AjZke] A8 FERAck 1 7 Verilog -HDL
T3¢ AFHE Yehd Btk a8 7944 € F 3
o] 16 clock B<H 4, 2, 1 cyclegl Z9 xy, X8,
X36, Xasy X4y Xag, X32, Xz CHOIE ALE-31d Hojh
Ao} 28-& B

£ =54 Atd 724 & AFE 93 1" 2 78 HA "in
Raf Pons Thelsd vme [1170us T mtewat. (317805
0 Ons
| feame va,ug 2000ns 4000ns BODOns BODDOne 10vs  J2us  14us  1Bus 1Bus 20us 22us 24us  2Bus 2089s  3IDus 3Jus 34
o o0t i)
aiemn inf) 1
b COCK o
lu ent po | o X v X2 X 3 X 4 M 5 M & X 7 X8 X 9o X b X1t ¥ 17 X 13 ) 14 (35 X o
»Y inpuD - £00011110101 11000
‘g inpui - X £0001 110000101000
&2 inpued X 008 16000000000000
ge npu3 - TOOB10111 10001101
‘g3 inpud - X ©6001110081101019
o hpe S X 00110010181 1008
@ inprs - X 0OOD1100111011017
£ inpui? - Y Garn 11004 4601 1601
i %20 E 00000000000000000 ¥ ) G X - X 00000100101000110
A 20 DDUOO000000000008 X D G X - X 11117101010000110
S 36 A0000000008006000 X X - ) 4 00000001101 101001
i nd4 00000000000000a08 p{ X - X 11111100100100110
Vs <24 GR00O00L00G0D000D X 1M1111901a111011 X BO0000000D1 401 101
Higp x40 CNAB00a0000AIna003 ) { 1111110011 101110 X 19114110600001 161
i (32 000000B000000E300 X 11111100101111100
gt %49 083000000300C5330 X 10010010001011101

8 7. 4, 2, 1 cycle®] simulation
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3 mEANA AR 720 TEHEAE Blwst
o T §8498 AWRIZE ok A 2=
RA719} AZEHZE FAE=, AZHE IC 730
A B=dolrt ax gdorng gyl AR
TEHHE AN 5= Aot wepr A 729
4719 2 FERAHE A2 ok i
QA HnE 98t 37k 729 WASFE vl
2 3} 7R 72 2F 03804 AL systolic
TEE AR A A T2 29 BE54Y ATE
ARRElgeH, T WA 2= CSDE AlTE AH83
Ak Al WA T2 ARME FREA systolic TE
9] z+ B29] 7Ho| cSDE Ao} €SS WAL A}
83t giAle & Hwdth AE elementd] HIE
AAEE 17HEE AT ol 2 37kA
Z9] AMSE WA 45 vimdld ® 79 2ok 7%
1, 2, a2Elz AgE Tz ARRE QAAVlY =
Z+z} 298, 195, 13670t} wieba Alokd TR ©
A7) = F2 13 8wty 162787) 24T
%EE TE 13 vt 5436%S ZaAIRA

E7 A¢E 729 QA4S Ha

. TEL | 2z 9 A 72
T (2915)‘-433 (CSD¥) (CSD%;)CSS*}

16 cycle 22 139 il I]
8 cydle £5 63 41 25
4 cyde 8% 3 y) 15
2 cycle 25 17 9 8
1cyle €8 6 6 5
N Rk 10 10 10
£3AU% 3 0 k)
3 r 28 195 136

3 At AL Hin

o] Aolxe T2 1, 2, AAT=R i Ad A
g 4%E ¥ms] o AAH<QA dynamic A
22 77 AM Py, = [EASE<DH) S A

2 AgsiT AgE FRe 57lY EEo] M=
e FA&ss TRt a9 19 5749 £ F
A 16 cycle 727t 7P WMEA AR F
AETE 12 Aot webd 8 cycle TE9
BAEEE 05, 4 cycle T2 FAEEE 025, 2
cycle 729 B&ALEEE 0125, 1 cycle 7322 &
ALEEE 006252 Fogct Ao A= 4

1458

A ZF E59 FAEEIt Ao ns wWA
T AUAEARE 78 ¢ vk WHOFA
QAo 5 AMSRI) o]9) o] 3 QA =
E 83 )l ® 794 B0l ALK 16 cycle F
Zz9] A9 = 4370 AT R 2719
QA7) 28822 16749 QA7 desieR &
43+18=61712] Q7171 LEHA dch

E 8. AlE 729 JAFAaR Bla

FZ21 | P22 | Adyz
3 A 2=
16 cycler |2 A 157 95 61
24758+ BHEE 1 1 1
238 Razz | 15 95 61
3 2] 2=
8 cycler |2 Ay 73 51 35
AYNEE+| FAER 05 05 05
9% AYLE 36.5 255 175
3 A 2=
4 cyler |2 A5 39 28 21
AY71E 8+ FAER 0.25 025 025
249 [gaam | o7 7 525
) 2
2 cycler | VBT 2 13 12
AYHF L+ FASE | 0125 0.125 0.125
¥9% [mgam | 2625 1.625 15
3 Al 2=
1 cycle+ B\%T 8 8 7
A3 &+ BFEE | 0.0625 0.0625 0.0625
4% Tgazm | o5 05 04375
% Agrw 206375 | 129625 | 85.6875

E 8o EXo], 7t E5] AHLRE Qs
TAEEE J3 @itk a8la 4 ESe] AgaR
g 2% odhd & 729 F AHARE 7 F
Atk 29 B4y AlE AHEE T2 13 CSD¥
AFE A F2 29 F AHARE 4%
206375, 129.625¢1ck B3 AQME 9] F HE¥Ah

= 85.68752 ARSI o] gL F& 17 Hla
3lo 5848%2 7AW AFPLRolW, FF 29) vim
3P 339%E 7Z4d AFLrwold),

V.2 E

MP3& IMDCTE AXZoz FH37| 3
E5vlt} M2 OE £52 FA3hS multitate T
ZE AIET: &, A7 do] diAS o83l
AR FATE ol YHHE A5 A
Aoz EHH AHY systolic T2E A



=5/ 943 FZE 418 ARS8 MP3 IMDCTY] AA¥ Systolic 7+

[+
.1.‘

AEtET. oleh Zo) AR ZZ9) sub blocke R
719 AZE AIE AREEl] FHEEGTE WYL

Z QA7Ie £& £017] 93td cSDE Al
Ao AFE Aol FEHEE FAR3t
€ CSS WS AFggozA qie 5 oL 7
2A1F F Ak webA AtE IMDCT &=
hard wired ¥}l 2 MP3E Fd3h= 7Zfo da
ARE & e 78 AR FRolth
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