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ABSTRACT

The 2-D discrete cosine transform (DCT) is an integral part of video and image processing; it is used in both the JPEG and MPEG
enciding standards. As streaming video is brought to mobile devices, it becomes important that it is possible to calculate the DCT in an
energy-efficient manner. In this paper, we present a new algorithm the DCT with a linear array PEs. This design is optimized for energy
efficiency. We analyze the energy, area, and latency tradeoffs available with this design and then compare its energy dissipation, area, and
latency to those of Xilinx’s optimized IP core.

Key Words : DCT, Energy Efficiency, Performance Modeling

.M 8 A FPGA #3750 #471U FA-547 59 3= IP
b e we AQNDH B A B9 FE 27 9
P AT Zotg A vhe 2E8HY V5§ & o]5& XFAFIL glol, FPGAE A R84 A&
7hebe BEo s Agsta ok olH@ sF B ¢ & A HAT6IT]. AR, A AFE vk o], o

woby BAE JHAE AT S A 4% ol AAUNM olux BES W £R% BAL AU
et ER ofue, wiEE §#Fo] AlgtE o] glof ouiA A FPGAT® olvA] AgA<] &7 Ha3t A 7158 A
A FFelgnE & 4 olrh FAAZE T Ao & 7 7] wEol, FPGAE 1Yz Z&Ho s HAs =
< BE&N 2 AAATHER oy, oA g&7A 1 o7t A+ AlFA Z g2z gt sXw, e g4
#ate Ao Basid, 3 Ad™ AtgE 7H Rk Aoled 4dd FPGAE
FPGAE BTl 2EZR] #HoM FaA e ALE 7} g7 WEel, & =EoA oz 5849 LdunFs F
SaE, 0 QwHe F2ob A golol Agat @ 28 AASTA 9 ALshs $AE A FPGAT 7
A AW AFe WE 3} )5 ol 248 Aoz v

% OB Ee AREARe Q202 £4% IT SC dddAdgnd Ok

19'} j;s%]?ég?kvonﬂg Aapgetsh wma E =HoAE, 22Y DCTE 93 oluvx a839 g1
*I: ‘5%];1 ggeﬁti? ]ji—lﬂec:izc;_;ljin;ﬁr:gX%Jm'versity of Southern Cali- E]%T} TES X-]]O ?‘S}E} 2;{} DCT= 74 11%‘}2}% 7 ?1’
. fornia, Ph.D S_tuden‘t - o i - JPEG¥E olugl 29 H|tje Forol EF:Q MPEGH
Tt ou) 3 9 E)er;rju ;fp}:(lnecgggfl Engineering University of Southern Cali- HI3IME AE5E Za8 84 7ol o{1], 71 H= 7
=ERT 2005 39 4, AAtekg 120069 69 139 A Az A aEn BEE dE233 7 AL Xilink



314 Z2MeEpl=EX A M12-An K4=(2005.8)

P20l 88 DCTEE H|wse, A¢td Walol ¢ &
£AYL =Yk
B o=Re AL tEd 2 2%dAE #4d 4TS
Agstn, 3FdME 249 DCTE % N2z dugF
2 725 7|gdh 4gdE B AACA AHSE HA s
M Adusta 539X Domain-specific Z22 H¢l

7]
o 64AE DCT Aol Qo] 7hs# olux, m, e
7 A A7) Edol=- 2 Z(tradeof) & FA T T3

Xi MRE, Eoz 9N A U

2 A7} o] FPGAS 3 Adg gudd AA9Y
DCT 97& £33t #d9 d7e AT + 744
ofe] At F£3 WIH gk

Mol s 2 daelss g 249 miA F2 Al
»E8 ojgol(systolic array) TZ29 €nEFE Holu )
th 2 AFodE 2z miAEte A¥ oHolE: AbE
%tk FPGA gold A5dZd e we U g 3 5 2
7] W&o, tARld Hadt 43ddy £5 FoofF @k

=
o8 ~9xe AME B HH ARE Zo]7] Y3
o =)

o

i

i
o
e

ol

& ARE GAEE Fu nd B 7|E9 B
HEn A48 ARE ¥ £5E Zo|AY yrNYR
Azels WEE Jhssith olE Ya 7|E ik A9AE
AM8 71% FPGA WRAATH A%o] 7bsatA dui8]
(1)} [5lel %= 27 FPGA Aol DCTe F+&o @3}

o Adstn gk 72 ZiEe B AT A8E 7[EFE
o2} [1]2 o}s W3 (polynomial transform)& Al&-&
DCT d4hs d9stzn glon, dars 4% 713 FPGA

Arel dlolE] AERE 7)%dxn k. T o] AT A= )

A3z BA A 7] (distributed arithmetic technique)

S A9t gled, & =RdAs @J)r"ﬂ*i "l gk Xilinx
[

IP #ojZ o|A& AFsAr} o 7|2 FIR ¥HE o] &
o 3 999 1344 DCTE Tt%‘?f}"’ I A#g o] &3
o T @ 999 129 DCTE 3835, L Alojof #HX
2] W AHtranspose)’t Dasith B AFE [1]3 [13]e1A]
1ol 7| F= olF riam HE e 48 HolH =
u, vz maiyl geskx] gk ¥ ohvE, oE WE
DCT Qxx mex gt A, axn #H 224
DCT A2e 43 nslel PEZ AMH-E EE#(modular) T
el 718 Az 1) #AR). o 7IHS F axn
gao FAL FHsE A FAR FAHE e

(219} [3]& FPGAE 9% olyX %@J farel# 4
e 7|HS 7)&sta ok [21E FPGA oAl dliA]

v ax% FARD AU EEE ¥ m Jg 2ueF
vf‘ Faol g8 4 Q& /1S Auskn en, 234
TE 9% YueE L Pa AFIGUY F2). Bl

FPG Aoz vl o AT oJFS A =HRA-2HA

% (domain-specific) 2498 7|H<& ddsn ot 2
A= o] 71HE 2314 DCT tAle A% o= *}%d
(54 F=x).

3. 2x12l DCTHR $i#t diLX] ES2XQl ¢ug|E R 7=

nie 845 717 ¥E B9 144 DCT+ of#f< 2o

n—1
Yi=q, bicos(i—z (2i+1)k),k:0,...,n—1 (4 1)
ol u, b;e B nAY 245 7Y, k=0cME

a=—=, 7 e \/%olu},

Xt nxn PEQ gdgo|ty, AEHoz 234 DCTE
X9 AEd digte 124 DCT*E— Tﬁﬂo]—"f Ud 1 Ax
£9 @0 Yol 149 DCTE 483 2%, 2 3-9 7]

gol olal AR o JMe (4 el A% PP 3
9y CF ol8% A% ZF DCTS A% sk A3 2
&8 ¢ 4 ATk CAAE 8l AR ThE Ao WA

&
Fasth %, Y58 PAYHY, 0¥ he Az oe
gswel AS Ayl AgArke eviolch | YA

2 A 9o AEelel w99 dede WAE 2o
S WA 93 g FouA 99 AHE g o)y
3] A

g Ao s S AAY €2 JYIA (4 29 (4 3)
< EASAY.

Z=cxcT (A 2)
GG G G G G G G
GG G G -G-G-G-G
S B B R L
C=al & _G-G G a-a-6 ¢ | A
G-G G G -G-G G -G
G-G G -G-CG G -G G
¢c-¢ g -GG -6 a -G

2 gxdeA, Zz& 7] 98 PEY AF ofelolE A
stk 4 dlolE= off-chip W22 E£ on-chip ™2z
1 AdE £ Ak & =EdMe 48 E£o 25E A%
mEeE wskA gon, F3 ARE AL Y=
1%”&% gtk (2" DAAE off-chip AF olgold
tholojagls Holx itk PEE (1¥ 2)o EASHL 8

DCTE ¥ @A Addd, 3 dA A D=XC"olx
F A @Ae Z= CcDolth

[ %mragc j

! © I PE PE, 0 @ @ FE,

L Ol?m— L _ FPGA

(3 1) off-chip Hi22|ofl XE=l= HOIHE X2lshs MY +=



FPGA AMIA OllLd4X] &8RS DCT(Discrete Cosine Transform) @& AH 3 78 31

31 12HA

aZe 19AgHE X9 JEHS £3589 F ¢4
&4 (modified row-major order)2 AEs] YH o=z o},
oﬂa £, oj" 8x8 DCTOA X9 % A 3 79

FoAA de gFe ofd e 2k o] YEE JHAA T
szt st D& ofds 2ot

Dy = Gy + Gy + Gryy + Gryg + (= Gz

(4 4)
+ (= G5 + (— Cé)xIG + (= Gy
(@ 1) Mot gz ¥R 4ol 212 A
49 #£4 1 2 3 4 5 6 7 8
X9 &4 T | Tz | Tu | Tis | Tz | Tis | Tiz | Tua

G -G G |-G G |-G G |-G

FAE AF

9 BN BE, 98 &Ae A ddigte] 2L Aol
olofd & & AEF WXIh F, Gz, (—Glapd A
2 Aatste Wk dial, 94 g -1, S AdEtn 2 gt
o & FH (ry-xpc T ANEE T WY FAL £
‘34_ F dvk WA el disidE 2L AR

W (2] 5)9k ol 4 FAWer p & 7 U Z
fAoz FA IFE 128 24 F A

Dy, = (%0"»317)01 + (@) —216)G
+ (219 = 245) G+ (213 — 21,) G

ARAeR o] JHe A% WEeE dHzdhe J5e
F49 345 128 &t (1€ 294 PEY M o
ol old@ WH o p-XxCTE YT}

ztzke] PE = vi7l 3 Z(intermediate matrix) D4} jHA
dg Atk 2 PEY Al WReEle 09 AFsd 9
Be AFEL 197 B FAY) M M2 BF S1d

10L1 I_ ___________ ‘E)'__R;
FromPE_ | To PE,,
I R1...R8: registers
’ M1,M2:
| multiplexers
| oL1,
IOR*:
| IfO ports
I RAM;: the i-th
words in the
I coeff RAM
I Coeff: Prestored
|| SRAM DCT coeffs.
| A1,A2: adders
I *A1,A2,R2 Multipl
I iers accepts input
on every other

— e ———— —— — . —— — cycle

(32 2) DCT Lte 2I8 ofallolef PE;

[&al

0% HEgnt X245H §1¥o] IOL1e &3 PEE &
o, W 25 RojFvirt Rlol A%Hth R19| HeolHE
R1$ §38 ot& PER dgdrh #743ez Rid A%
Fof dolHe ¥z #dA2H R2s R3] 7| FHTHA
£ R2, B2 R3, 2 &2 R2 5). E}E 25 Aol
Zvich, R29F R3] dlolele & webr S8 83
7t A2 d3iA A Réel AZET Réell AZE o 5
dixE, R4S dlolEE A vz i A %%E}
(o] AlFE R4l dlolEl7} AZd A 2& 5 Ro|F
Aol R7el A, o] 549 A= Roel Ak
R62 53 Aol A8 A4E w7hA A= A
got. Ago]l Eud R69 dolHE HRzelz &AXT R6
o g2 ARt old Aoz wrf FH Do BE &
o Aske] U, G F2 29AE HaAFy.

52

oo i

ﬂl

32 2CHA

2eANA e 239 DCT dibg ds8] H3) 2= CD
o BA% ANV o wAANE 1AS Ag Hge
e Fgac

o] @AM Zt PEE, YF-25H 4Ee WA Fiu, A
A A NA HolH a‘oﬂ A%E =
2ejshol, M2 91 2l 18 A
El7} diole el ARFHA ¢ Rl 71542
o2 BAoE ok PEE Fatod ofdlol el 2
JdEZ 2EHE AZE AAS] Ad, M12 94¥
dage, dol A9 AuPez o
2ok A& &9, 8x8 DCTAA, #
= 207011, 1 E}—‘:—'—Oﬂ 206, 1‘3131 U]'Z] ‘2}_9__\:—':’_ 27001 %
o] ARLE Z9 BE o9 dEH UE WA
"ot o] b, PEE 19AZ Eop7bA t& DCTE At
4+ 2o,

d

rlo

woh b i
BT )

4, f{X] M52 M

2 gy dux 4d5& A5 A, o9
Al el (architecture selection) 7]1H& A&gtt}y, FPGAY A&
7 43 4L AEARIE AW, ol X wel NE o
g duA Asd, AdAE, A 5§ 2ok 2 DCT
AANME, e LA(processing element, PE)Z A3 of
geol2 Agete TRE MYt AF A#Held PE:
22 o]x3 PEstIRF BAE EE 71 oojolef ALES
Y F o] = ﬁ@oﬂ g3 dwHdE 29 ¥ ofdst
A Z&o] £

£ =idA A E OE 7)HE A-E vl A
(choosing the appropriate bindings)¢|t}. 971M+=, A4 %
dolg AAg $3 4 dzge Az g
A7E et

upA e o2 A F FEAA AA oA Auje A3

= j=)
BES 2vjete s-FEXUE(hot component)?] A2~ 3



316 IEMEIZB=EXA M12-AT MA4Z=(2005.8)

TE 2ol 7ot B dFelME g417], W, 17
i UAZEE d-FEUESY, o) Zt FEUEY o
Az SFE 20 A8 89, 34 do] 50% ZagoeH,
A dxe] 87 dAA e 18383 Fsdt

5 ZHQ-AHAE KX 2

2 AAE AFsr] 99, =4
cific) 2AyE AYIRIAG 7le
o M= Ut*‘oﬂ 3 sle] B8 = (top-down bottom-up

-2 Al &= (Domain-spe-
2 [3] #x). o] 7

Ao 28 dogdeld, slEe sbY REyste HAE
AAs7] 98 #E LuaEH o} dNE wad Pre
F Stk o] RdelA ol7jdHE AR 7Hs EE(Relo-

catable modules, RModule)® A% 2= uhdo)

2 AAAE, FA47], gA7], EEZ A (multiplexor),
2 ¢z #A2LEH7F RModuleolth 2 794 PE9
A& ool E AEsty] diel, 71 717k RModule”] 2
A2E Zeve 2 7HgshH, 2 ovA &Y+ RModule
A &u|EE kol v w¢ HE Aolgtm Mg

otefo Al AHsts ZdolAE nxn DCT7F p < nPEs
g ol&stoq AT nd pR Wroitn HA ST 7t
PE= w2 AF 3E np e E& Aktdch

51 X[ AlZh ol &

Aol g BHHE 24 A EH PES dAE £4
gozA AE 5 ok A HA dAdA A |A delE
£ R6 A48ty deiAe 6 Mool Hasieh W Fit
B} Attt /28 Reel 7153 715 F Rée @
AolEutE A Ity AolFdl 715 @t 2 2E R6
o 3 WA 715& vpAlaL dlol¥] SRAMe] 7153171 913
ME 6+ /2(2)-1=n+5 Aol Zo] Basitt Z PEE 23]

ANEE S0FHA PFE 4/pBY 27t n JAEHE AL
sk ey 3 WA dEE 9T dE A9d BE
Aol dAA~EY Fo]mEle] AYA glernz A=
& Astm RAMO 71E3tsd (5/2)(@2) HolErte] &
28t 2322 94 1A PEE R WA U344 98
AxE7] 98 shiy dEZE nib folE S Aadth O
o #Hfl 7L de] thE n-17lY] AEHES (4/2)(2) HolF
T AME 3t ez 94 19 A HA 34

& Axste A LE,
Lyn=Mm+5)+(2x(n2)x(n-1)) (4 6)

o] =i, Zhe3| shH,

Lya=n*+5 A7

7b do}

p<n 44 G 5 Qe dudEe F AU Yok
A AT 94 19 28 F094 4502 Axeln 23e
AAse Walolr), o] WHAlS non-alternating modeghs
" Aoln o] W9 A9 Lplnonaltehz FAF Ao
o ye A g2 e 47be PE7L @A 19 st 3¢
H4 E& AN g 9A 29 A3 S At 13"
O & UE 94 1Y F38Y & Adsn @A 29
A d& ArrlE 6

& WHESe Aotk o] WAL alter-
nating modezt® AFE Foly o] W AL Iplalt
23l FA]8 Ao|t}l non-alternating mode A= 438 o
goje] mo]zelgle] 715 F Az FAEoZA ©A 1
9] AL

Lo = % (n?)+5 (A 8)

o] ¥t}
&4, alternating mode?] A9 @4 1& AAT wrict
Tho] e}l 2 "o YA Hol ©A 19 F3HA Ade

Ly = = (n*+5) (2 9)

p

A leA e RE Fad Aot 74]*5]‘21 ELH oA 2«1
AL (4 83 Zod, adx 94 13 9A 27} alter-

nating mode® W @7 29 TEH AL (4 97 P}

ol gt Walo|| ] WA 19 A4 ©A 29 A A
22 gFeth wEbd DCT Alatel A & PEC 2194& Lpl
I Lp29] @3 Zopzlth, M3 ofgoos] wxu PEE A
el PE Bt} p-1 o]l F Ho| 2m2 & Ao p-1 v
o] Hajzich ojgfg deolE AU A HA PE7} oo
o] B &¥H7I7HA] E T E p-1 Ho|F9) A do] FEA
giok A o WA p-1 DEolrt F A dd dsi ok
t}. non-alternating moded] 73¢9l ol#§ da o7}l o1
ST L AE alternating modedl| A& o2l E o] uj
A 1-2A 2 vtk B Y EE F Ade

Lnoalt = [%n2 + 5:|+ I:%n2 + 5]+ 2 (p -1 ) (/“\J| 10)

Lalt:2><%(n2+5)+2><%(p—l) (411

)
V)
[0

bl



FPGA &f0IM ORI ZEH LI

La,t=%(2n2+p+8) (4 13)
o] #Hr},

52 olL4X] ol &

B AAAA A anuE dZ357] &AM, 4 PE &
TUEY 542 AReE LnYFL BHB o] B4
g5 Qv 7 2¥UEs}L 843 A 4 TEUEY A
9 suse FoW oAU ARF dZol st FX
UE 27t 3 8 2Y 42E ASE ABAHE §
3 2 CHEELE! A

gi EA 6}914.

Ax Azt 2+ FXVEY} alternating 717 B
non-alternating 7117kl #AIQLol T2 & Ro|AR
HEge A8 4RM xto]& Hlth Non-alternating 7|

B9 A% alternating 71l HlSHA ztzte] PE7F @&
o FEE "oy ez & dEIR Jd¥ ¥ 5
AY 2R E A Hrh

5.2.1 1924

B duggy 194 M = w2 fojEwitt TiAlY, %
A7), dA2H RS, 18)i AF RAME A2t 2%
29 ¢l=Eo] Z+ PEIM voE w7l o s FASHoh
A o] FLTAES 27 oAl dett n?/2w i
o A4sE A4 oA 29 AsE PR LAk
A, AA WA BPo] nAY L 27) G7 a0l Lu}.
a8 A47), F47), dR 48 Rs, 183 AF RAMS
n?AxolZe BE 19Ad e ZE PEO dste 47
Sk =

% PE7} Wil AT duid), A FEAA 249
EE JdEYE 9olof 3t} aHER, A2 PHEE PE L
Z npd d8sol 3t welA, ZF PEIA M1# M22
(n/p)n® RolZ F¢t BABEE Aolth pIll ol4te PEY
g ZF FAZIE o 8olE ¢ 858k

W7 gHFo RE JEZE HEA do]E SRAM 7]
249t} SRAMd 7|&&¥ e F 34 PEY A5y F33)
Al n?olth

o] AREL e oA BANo = A std ol et
2t}

Ir

ofl

EI: [ (2Pdd+Pmult+Preg+PRAM1p)
1 (A 14)
+ 2Pmuz + = (PI)] +n PdRAMlp

P,

A
adds Pmultv muzs Preg’ PHAMlpy PdRAMpa 13] Plt

27y Q)80 F47, BEIEEA, X 2H, HoY

DCT(Discrete Cosine Transform) £& &H & 23 317

}g 1¥E RAM, 28|32 Y8 8hit dojE9 Ad A4
t},

kK
=

5.2.2 294

2eA e QA7) §417], dA28 R5 A% SRAM,
o83 BEZEA M29 B3 o] 19 2} dolE
SRAMe) 715382 ARk Al uf o] gwit g 2227}
g2t} PEY &A1 F@etA, n®He dlo]E SRAM ¢
718 3ol gk 4 A dEFE ol HIIE ok 3
W, % o7l A7} vk 7 PEAl Y& dlel8 SRAM
of WHek 02 Qg 4¥ ¥ PES| 49t alternating

g AREEREA oRd 28 AT, AAHoz ¢)7]
e 2
o] BAlelA PE ¢ EEEHA ML, ofHlc]2REH &

dX% PE, \2%E &¥o] PEE d2d W9 PE9 R69
dlelEl7} PE,,, 2 7152 o &4stdn. 2estd E2HE

A4 M1 A 83, 1 o] EE PEY RE £¥&
Aed o PEIA &4sdn wekx PE;, He M2 A
A 289 7F de Ui n(G+ 1) RolERE 245
ozt PEE 299 npie E2 Addsta, HEERN
Mle] 2A3tEE 294 A AAA E‘-—E— B 232
n(p)(ﬂPQ_)_jM]-o]—go]c}.

Aoz, 4w A% azgel dolel el
s st 2gAdA & YA ARE e 2o
of &g},

E, = [ (2P4q+ Pt + Preg+ Peganny)
+Pmuz+PdRam1p] +7L2P0 (}‘\‘1 15)

+[n2{2+1!)P

2 mux

Py 891 dlolE o] 0@ Holw
& %A 716 e 2o,

k)
i
ox
&
it}

5.2.3 &%

Es BE #AY oA LrFo] gk AA A &
&g TateE, W84 dyA LnFE B=a] gefof
ok 28 AA odA A2 g2 o 2o

E=E +E,+LP, (4 16)

Le (4 12) B (4 1304 Fae, Pye 3A9 ng
4 A awFol

53 ©HH o

(74 39 Y EAZ B 2XUESe) 9K

rir
Ku)
i
oy



318 FEMLISB=ZA A HM12-AT X455(2005.8)

M1,M2:
multiplexers

10L1,
IOR1:
/O ports

RAM;: the i-th
waords in the
RAM

Coeff: Prestored
DCT coeffs.

A1,A2: adders

*A1,A2,R2,Multipl
iers accepts input
on every other
cycle

(38 3) DCT oits
AHEOE =

ksl 0121|0|°| PE,

olg
=T

HMoE HA|E HX|
EQ
Hoz FMAZI Ed, PE9
el A ~H, AHe WA 2 XE RAME
2-to-1 HE|EEA, T /Y B, 2g
2 FA9 pAe] PEY d&H WA=

=
a4

]
ot

oo
=

A= p (Areg + A(:HAMlp + AdRAJ\Ilp + 2Amu1 Al
17
+ 2Aadd + Amult)

0] U:H Aregv AdRAAAp, A{:RAMlpv Amuzy Aaddy 13]_7_ Amult
747y AAxE, deoly A4S 3 1XE RAM, A

F& S1g 1XE RAM, ZEIZE9A, /947 T

el A o] Alel A YA, WA, AHAAZT
P o] T 9 E(tradeof) & EA 1A St} vHwE Y 7}
4 dutgel W3Fe DCTY 8 x8 DCTE A&t} oA
JPEG # MPEGOIA ®e] Abgdct 8x8 DCT 4 9
& ojeolol A 7H5% PES 74E 1, 2, 4, 8ojt}

lm

ol¥l
olE
H

2ol

rlo

A

¢

(E 2 Oi4x] oF wHAlE st A=zt
Constant Size Power(mW)

P, 8 bits 141
Prasnp-16 width=8 bits, depth=16 18
Pranp -3 width=8 bits, depth=32 558
Prarnp-64 width=8 bits, depth=64 6.45
P 8 bits 18
Prga 8 bits 18
Lt 8 bits 1056
P, 8 bits 063

Py 8 bits 1250

Py N/A 150

(E 3) HY ol WHAS 95t Agdt
Constant Size Area(slices)

Aoy 8 bits 4
Aparnp-16 width=8 bits, depth=16 4
ARAAA;)*I}Z width=8 bits, depth=32 16
Aparnp-o4 width=8 bits, depth=64 16
A 8 bits 4
Aaa 8 bits 4
At 8 bits 16

1} non-alternating modet alternating mode Bt Z} PEY]
A8 471 ol th 1 o] fE non-alternating mode ol Al
£ PEA 93 Helg RE @4 1 237} 1 PEA AAH
ojoF & X alternating moded| M E AAMER n7l 7+ A
ko] PEol AA®ch 2B B E non-alternating mode=
n(n/p)7h AEHES AFE £ o= a2} asid
HHA e alternating modeol 4] PEXE ©4 n dIE2 9 W=y
gho] @3t}

A, A&, AAAIZE] po|7h ofH J&-E /A QL EX
517198 low-level stimulation ©.2RE o|Zo] W A
T =uliRl-2HAlg 2dg& o|§8 Aoy <FE 2>
100MHz9 Xilinx Virtex-IIolA4 "4 3& of, E]x}f)]g} =
JJ.L%E‘:4 }\Nﬁo Hoi—r—li} _’_4& xqo Ewra

O EA871998 V Zelx f28 AN E ALE AYE 8 vixe dETE 7AW Xilink V1rtexfII
gl A WA A (latency equation)(4] 12, 13)& ol &3ld A= 16 viRz A= HA WA WEHE Q3o
Z& 49 PEY W non-alternating mode o] ¢ElE ol <E 3> Virlex-I2)7F €54 o) B gl FxdE
§oge Mg nAtE AL 4 gopd & gk a8 =9 WAE ER e

CE &) ol4x], MA™ x|, J2|3 EAT(Non-alternating mode2| 2<%, EAT= 8 PEOI CHaH normalizationStiCt.)
Nonalternating Mode Alternating Mode
No. PEs
E (n]) Alslices) T (us) EAT E (n]) Alslices) T (us) EAT
8 370.51 352 1.52 1.00 37051 352 1.52 1.00
4 54854 176 272 1.32 57254 176 283 1.46
2 947.65 112 524 2.81 980.16 83 5.60 244
1 1718.68 56 10.34 502 1797.18 44 11.04 440




FPGA AOIM Ol4Xl 282l DCT(Discrete Cosine Transform) 2& AH & F& 319

<E 4> T/ 3 BRAA 1, 2, 4, 8 PEEE TR
s o oA, |9, AAA g FeRA. A
7} o] AL oA, WA, AAA S non-alternating mode
AN 8 PE ¢l 4%-8 72og Fa 7749 A$ dy
A (energy) 9t ® & (area), A7 time)& FIFFHEAT)S el
do}. olu] EATY %%, @& go] £& Aolth o] ¥ 8
PE tjaglel 7bg w25 7pg oyA] g&Helw, =g 7
4 2w BYstn MY we EATE 7HtE

BojgEnt

[e)

P

—_

[e]
A&

ol $-al9 Yzrla} Xilinx IP Fo for 2D DCTY 7%
ol AAARZE AAA &4, HHEZAE AFEAA oS3t
of nlws] ¥ Aoty 2z tlAelelA 8-bit precision#
100MHz clock Fo55 7Fggh fele faRId 3¢
VI & xe] g $AAg ol &3ttt Xilinx [P Hoje B¢
g mlusky] 93 2 GARlE ARt Algd oAt
WA Xilinx ZolGenerator(E 3 AFo] §lod TE ool
& Xilinx ISE 42i% 7|22 3th)E o] &3t} Xilinx
XPowerE F3ate TRl ofst A8 &4 &A% 3
A, DSPe] vlwE $&te], TMS320C641591 ek A=zt
2 Texas Instruments®] Code Composer Studio 2.18 E3i
A=rHIL

72 &3t

g 913 8x8 DCTE Tl AMg3tl 2 dA9 4
¥ 8719 PE7F 7HF && A ololA Xilinxk A9 v E $
& Apg-g}

(2" 99 (2" 5% 2 AA9 Xlinx TP 2019 A4
S ARG ol k. ZHZ9 aYe F 7pAE v uwst
a gtk A WAE 3 7hY 8x8 DCTo] thak Aolt} o]
Ao, ¥ AAe Xilinxel WA L1 &= g

320n] A=9 w2 A 4ARE da gt

Latency (us)

Xilinx: 1 block Proposed: Xilinx:

Proposed:

1 block Avgerage over Avgerage over
10 blocks 10 blocks

(3 4) XA Lirat

=]

600

500 {-

400

Energy (nd)

300

Proposed: Xilinx: Proposed:

|
| Xilinx: 1 block
‘ 1 block Avgerage over Avgerage over
{ 10 blocks 10 blocks
(2% 5) oflx|et Hirtgt
T AAE 1019 8x8 DCT 22¢ Add w DCT 2
B Ad AR "3 ouvA 4RE vudtn 9o

Xilinx d7A19] ¢ AA AIREs} oA 4R

al
25 F48H
ol & F Atk AARE, Xilinx® AAE, delig
A AAE A7) Wi, B AARG fux LuE oy
B2 A e ek 2A P 2ol 64 25 Kol F
vitt & 749 gx8 DCTE Axtech £ A7 so|Ze
A& AHESHA @71 W&ol & 7o DCT A&l 299 27

=A==

(4 1605 ol &3, £ AAY WadE 324, 2 Xilinx
Al M e 1001719 Eefel~E AMEslez, B AA7 |
A WM o $43i

DSPe}e] HlRi= ofef <E 5>of Zbhs| Beltt

(5 DSPte] Ofj XA & X|HAIZH Hm

E (decrease) T (decrease)
DSP (TD 716.4 06
Proposed 409.4 0.16

ihd
fil
N
o
i
e
5

2 FPGA “4olA 2214 DCTE 98
2 A B dAE Xlink IP 379

=2 0o
k]
=
- &
=y
2 2
it
g
by

2gHolth B HAe $54e muel

ha Lo
AN mAg B 15F dZe] 2l welm 9

Aol Agdolie BY Aot 2
Y WA AL 3o 9
2ol DCT i+ 19 194
u BoA meld, 54719
WL AE Aol 2E o gdtel T8 Helst sk



320 BEXISDI=EA A F12-AT X4z(2000.8)

daFH

Ho

[1] C.Dick, “Minimum multiplicative complexity implerﬁentation
of the 2-D DCT using Xilinx FPGAs”, in Proceedings of
SPIE’s Photonics East, November, 1998.

[2] S. Choi, R.Scrofano, V. K. Prasanna, and J.-W. Jang,
“Energy-efficient signal processing using FPGAs”, in
Proceedings of the Eleventh ACM International Symposium
on Field-Programmable Gate Arrays, 2003.

[3] S. Choi, J.-W. Jang, S. Mohanty, and V. K. Prasanna,
“Domain-specific modeling for rapid system-wide energy
estimation of reconfigurable architectures”, in Engineering
of Reconfigurable System and Algorithms, 2002.

[4] H. Lim, V. Piuri, and E. E. Swatzlander, Jr., “A serial-parallel
architecture for two-dimensional discrete cosine and inverse
discrete cosine transforms”, IEEE Transactions on Com-
puters, vol.49, no.12, pp.1297-1309, December, 2000.

[5] L. Mintzer, The Role of Distributed Arismetic to Digital
Signal Processing in FPGAs, Xilinx, Corp.

[6] Xilinx Inc., http://www.xilinx.com.

[7] Altera Corp., http://www.altera.com.

[8] J. Anderson, F. Najm, “Low— power programmable routing
circuitry for FPGAs,” IEEE/ACM Conference on Computer
Aided Design ICCAD-2004, pp.602-609.

[9] Texas Instruments, http://www.ti.com.

a3 F =
1983 AL oista AAF s

=
19851 &= sl e A(4 A
1993 v|= University of Southern Cali-
fornia % 7 ¥ & 83}(21)
19854 ~1994d A4 A2+ ZHFE AT
19959 ~ A A7t [Ax-gsty we
g Rok: MA@, IT SoC, UEYl Z2EZ

19989 M2

Ronald Scrofano
d A ul3 University of Southern California A A}5-8} 2kA}alA

PO A AFY, WA B Aad, YESL AR

o)

Viktor K. Prasanna

°1% Bangalore University %233}

(A}
u] 3} Pennsylvania State University %
BB (aA))
Al Fob: A, BE B 2", YEHZ AFH, o4



