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Abstract

This paper presents an ASIP (Application—specific Instruction Processor) for motion estimation that employs specific IME
instructions and its programmable and reconfigurable hardware architecture for various video codecs, such as H.264/AVC,
MPEG4, etc. With the proposed specific instructions and variable point 2D SAD hardware accelerator, it can handle the real-time
processing requirement of High Definition (HD) video. With the SAD unit and its parallel operations using pattern information,
the proposed IME instructions support not only full search algorithms but also other fast search algorithms. The hardware size
is 255K gates for each Processing Element Group (PEG) which has 128 SAD Processor Elements (PEs). The proposed ASIP
has been verified by the Synopsys Processor Designer and implemented by the Design Compiler using the IBM 90nm process
technology. The hardware size is 453K gates for the IME unit and the operating frequency is 188MHz for 1080p@30 frame in
real time. The proposed ASIP can reduce the hardware size about 26% and the number of operation cycles about 18%.
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CspgE g, A4S - mAAR, bt AREANSE AAFEE SoC A7
(School of Electrical and Computer Engineering, Ajou University, SoC LAB)

¥ This work was supported by Mid-career Researcher Program through the NRF grant funded by the MEST
(20110016671), by the framework of international cooperation program managed by National Research
Foundation of Korea(2011-0030930) and by IC Design Education Center (IDEC).

Hedak 2011979259, A5 2011912929



2011 128 MXASEe ==X H 48 © SD #

A= Apphcatlon Specific Integratlon Circuit (ASIC)
WA o] st=dlol FrRlo]l FE A HArh H3e o
fEe Bag B2 4SS uEa)] Hoﬂ/ﬂ
1@ & FA3stste] ASICo®E Fd3H=
. SHIA|RF ASICo.2 F&3)+=
s A7

Y,

Py

rl

=1l s

==

E

¢

ﬁﬁﬂ’ﬂ
Specific Instruction-set Processor (ASIP) W2]e¢]
Hxlo] A28 thete] Fx itk ASIP WAl& E
A L4 Hofo] that Ao HHo] ML sA
ZeAAE s, C mEd o gae aee
% 7FEe 901E o] 43 AolE B &
A5 mﬂi el 7hs e,

=

Application

0 rﬂi
Uﬁ
1
ol
i
ol
5 o
2
o
N
{ 2L omy e
ok O o ol JI

[
OFO
>
wm
p—
ge)
[o
o
o)
S,

Absolute

ol
A
rd
=2
2,
rO
i)
=

it o gm M
x
o
fetl

2t} nAdA= DSP,
71& ASIPT-Z00| A 9] 5219
M E N2
gols At V&
dlot el disjA A
g,

ot}
Intel ¢ MMX4.1 21
F49] TEel tisted A
zolMe] Ak 549 4
A= Algtehs BRole =
Hath VA olAE 719 ASIPH Hd5S v)
PO VI A AeE de

o}ﬂ
e-Ao] =2

II. 7|& Z2NA =

1. 7|& DSP #x=

(737)

H 12 5 59

312 AWbARl DSPE @S o8-8 SAD it
& Waolrh AdnkAQl WEol® 1 A g SAD
ALks s YEiAE DSP WEol® 3 Alo] 9]
o7k Aasi o] 1080pst 2o ¥ AT
& Agste 919 WEolE AMEEAl HH AAl 78t
7F wl§- AR A fh w&ol Intel®] Streaming SIMD
Extensions (SSE)el A& Packed Sum of Absolute

Differences Byte Word (PSADBW) W #H o & X9 s}o]
ol 64bit, 8 F Ao SAD AAHS z-sgs}oa;p(v‘l. 5
A qb H264%F 22 Aibge]l B2 25 adHeR
Adst7] el o 2 AeEs 28 3l o) W
ZA1717] 91l SSEAlelA = 17l 13 22o] Multiple
Packed Sums of Absolute Difference Byte Word
(MPSADBW) ®# o1& Aleratlot”,

MPSADBW W #-2 PSADBW tjH] 2] gFo] 4u] =
geojd 8709 4ule]lE Zo] SAD AitS gt
H2649] 71 A @99 16x16 A= E5o tig
A Bb7] Sl = 870 WHolE 28E s ¥
o whebAl, 64x649] HAS 2h= 1080pe] HDH 9%

S A9 Bz Aesly] fleiAM= 267,386830 W
QNG AR Bt olg HATeR AN A
= 333msotol]l Agslof gow I A7} 8GHzol %
o2 g0k gk Aska 249 FHd e o
Mg SE) Qi 2REE AYE Y B ok
g}, Ato]=Ie ASICH T 7] witof H]Z &4 oltt,
¥ 1. TMS320C6X DSPe| SAD HEO
Table 1. SAD instruction of TMS230C6X.
4
SUB RO, RI, R2
ABS R2
ADD R2, R3, R3
127 5 i mmi{1:01+32 5
| [ [ [ []
Sourcs Avs. i

Imm[2]+32

Destination

127

=
Fig. 1.

SSE4.12] MPSADBW & & 0f
MPSADBW operation of SSE4.1.



60

2.2. 7|& ASIPTZx

A A7 ASIPYe 4dEE
T AT SAD H#EHAE AQkstil
455 HE9 SAD AHE o] &4
A2 & F3) 8x8 16x16% 7€} BE=E9]
Ato] 7hsatA wrh webA 16x16E=
27] fleiM= 16W9] SAD ®HH o W&o
PR = (-32~+32) B3] 1080pe] HDw
19 &0 A)str] ¢4 534,773,760 ¢
2 37] wimel AAZE AeE A oF 16GHz
E frAsfof gk dAlE ol2fd
A X7 wi
Enhanced Predictive Zonal Search (EPZS)I
ato] AAste] &4 A of Az gttt o]
A= olgh #-8-4 G 27] HEol
& Z2# Ao 2 ol gaA He3
o] 7bsd o4&

e

A g

N

oft el

»fo
1
H

Bt
l

=2

fr lo o ¢

oX,
off

0.

A A o] =

=2

N
Moo > K

3
e = =

9] 7
W gol

SEE A= E sisith

E} AR
i

fo“fﬁ
oMy =2 b rir

4

FA
ASIP ol A

2 o
rlr

BT R SO = I
[}

M HT R e

&
fo
&
)
<
os!
=
1o,
1~
fd

16x16, 8x8K. 0| tHsHH i
aga ok AFs gE AT
As}7] wjol dcfﬂﬁ 371

o) 2~
ﬁa]' T )v\-l—%

B

O = U ()

Of
-

Mo i ¢

tjo
o

e
e

o Hf W
1l o oX
o
H

N
Ach

sk

A= 27t -JJOO]—]_;}‘ I
S5l ol thr uﬂ
4 s]ojo} g,

)

o

O

E

-
N o
ox

ot

0
fol
ne

3.1. CHFet mEXIAH EFY
A|¢t8l= Variable Block SAD (VBSAD) W#oj&=
A AR A4 Y] AR, AL 718 L¥dER
g whola] gt} old w7 kA FEjel Id
A 2~E & ARttt A WAl fHH A ~HAE vps
A 3o HAAHEA A 816 A el tigh Aiks
F33H= VBSAD H#HolE Aojsty] &) 1280 E =
7191 gA2Ee FAS diks AHS 12 xdert
wheba EH A B A Tho]op ER A SlAL B
355% 7Elo] E]—Aﬂ 0Jx4 oi_ra 7].7]}_r 7%:4,] bl Hol—sg
A dES 1 FHA ot
a9 20 ER JH 184 =B B+
Afo]z o] grAld o) tfate] Az
Ao Ry 7FEWEe]
HE A%t oluf
Azwek 16 %91
Ak webd e A 2EBE

Diamond, Hexagon

kSt
|_

e ol

=

[¢)

Hoj=7] 16x16
Gob gAl Al
gojzl Ael A
= 712 HksE 8

E} A
h= N |

MDHC

E} A
=,

(Mixed
and  Cross)
Multi—Hexagon—grid)
E]—Aﬂ Ml 7

el

(Unsymmetrical-cross
DVS (Dynamically Variable Step)
Gl T 250l HAA
st &3 o)tk

7} ebgd o] el A 2B = sAlel thekst SRS A}
& T F AEF Ui Y 55 dgALHE A 5Hes
9] ColE HEiA dE AR JEs 9 &
BHEoE AZ AStete] o]& o] §sto] FH
vjg] el PR 2E e A%stH SAD A4H7]7F
= AoHESE A

fe) =
9 A

2=
T

4

oxl
ol

=

o,

o

=
=

o

HE
o

2}

[ 1

‘ SPO ‘ AD | BO ‘ Cco | Do ‘ EOQ | FO | GO ‘ HO ‘
‘ SP1 ‘ Al | B1 ‘ 5 | D1 ‘ El ‘ F1 | G1 ] H1 ‘
‘spz‘ A2 | B2 ‘ c2 | D2 ‘ E2 ‘ F2 | G2 ] H2 ‘ 5%
o g
o]
| Bm ‘ Cm | Dm ‘ Em ‘ Fm | Gm ] Hm ‘_
%gg’ﬁ”” 2t e PEGE| Azl kR |
a3 2. AHeteks m{EXAEBL FX
Fig. 2. Structure of proposed pattern register B.



2011 128 XS =

3.2. M|etst= VBSAD B
Aekeh= VBSAD ®Hol= vk w2 +4

r (
o
=2
)
ot

of
o,
kit
Jfu
=51
[\l
f
i
flo

o 5
o2
ot

2t
Ho]E x|} VBS Hgol 52 g AJZ A
I " AR, A4 378 eudER Y who} thef
st 2A dHy duEES AEstEsE Ao diut
Tedh A 2 gitol dt=glo] Aol Wol AREH
= AggAe] g g A o] SR FAUR
ao] oz g A= 24 o]9] gl jEof
ik 21Ado] AQashA] ) kAN theket dEls nf
gom dzlels g ¥4 dagSs AYsy] 93
e g% Yo o= XX} g o] 7l53loF o
o} o] o] g% ARE AFstL e AF WE
oA Yst= A Ho Uik HolHE &9 A &
T ALEE 317] HsA AZR-Ee gk JRE LHA=
2 98 wEE Aoty T Al f1Xo digk
HE A4 gEnk ofye), HAAHEE iy wol o
A GAS st &SN dagse At 45
sttt =, VBSAD W& ulftol A o] dxke] A
A™E o2 tg gallo] AIAE = Ao gk o
AHs 8 sto] B A ~Eo] AgStH the W AR Al
A 2H s vlg oz Al AlFto] Jhsdoe g AlZ
A 3t JHOlEE AFoE AYT = g
sk 31404 At dE YA ~H EYS WHo] ¥R
deEdol o FAAAME HA oz Alto] 7}
FIEF g

VBSAD W#Hole dxk #a& ofgll 19 39 ol
8 o o)F Hx oJAF v A AR A b
gt JRE vigos 3 Al g9 holHE oY
W=t) o] % SR A ~E o] Fre mel Aske] {5
S dgsig mkeR A X Fo] upiA dywe
¥ 2. HMeotsk= ASIPL| VBSAD HEHO
Table 2. VBSAD instructions of the proposed ASIP

] M7 Hxojd

A Z91AE Immediatedt-& F35}o]
SADI e A
S EFQJA0] whe} SADA4E 1
A2 X2 General registergts d3a}o]
SAD. e A
SADR A8 EllAC] e SADR i
A A2 S Immediate?tS 238ke] 8x32
SADE A7) thek Full Search SADSIAF :
A A2 E Immediatezt-s F33ho]
hilh=|
SADS SE EeIBe] e SADAE B

=X M 48 # SDH M 12 & 61

(739)

Bt ¢ o ofE

\ 4

&= dlo|g

Pattern A
L X H HE

Y

PE disable

o]
\

\

-

gef 2T=

SAD & H|IL

oiat

J8l 3 Hekst= VBSAD HEO SEE
Fig. 3. Flowchart of the proposed VBSAD instruction
VBSAD %% & HelaA=HA%} A ~EB &
ol" A ~HE s WHRIXE Husitt $
wAle] getol e} sfEielA 2EA HHe} ALg W
o] 79 HHHA LA HAEE k] Hd HE
0°]™ PE disable @2 1% ¢ow SAD A o
AR dolgieh vk e A ~HB 3 ¥He] A
g JHHA2EB 5 @ F4 AW ¢ HE
uteb g A3 7k 0o] ofyi SAD AAk A=
Joj it

SAD AsbdAll A= AAl g Ak A H o

ojfl Ho X MAoM A HHS 83k
A8-9] st=do] 7HE71E Aljbsta, TRE
a7 4% AlekslE stmdlo] shEv)e AA R
ok 71&4] 2D SAD st=4lol 7hE7] 73 [10~11]9]
9l A&E Ad o AEE Bad 5 e PE



62

(Processing Element) array +%E A|ots} i o] &
A FEQE 2D SADAMI R WHEkgith o5 F3 7t
2 BAx"S N/HWe PEG (Processing FElement
Group) & AHEE o Hd NxHe dial] Hd A7t
7FssteE Aol Ak ZF A uist dA 3
dolg e} #x g4

=

=

o3
12
o
=
o

it
i} L

]

Ny
.
N

b

N
S

[

3
e
oo M
oz
o,

N
=2
>
=L
_>‘.(_:‘
=
tlo
22
fr
ll
rlo
=

¥,

o o
o
o

b
Ju o g

facs

Pattern Size  Pattern Size current reference

data data

LTI T

& HOIE B
S OIole s
‘ HZE ool ‘
PEG
16xn 42| 4x4 SAD &
SxgmE

Comparator ‘

‘ BRIl Ea ‘

T O

a3 4. Hetske IME =
Fig. 4. Proposed IME architecture.

Mz
i

Agfste] dlolE A&
dlolel AjAk-E-&o] -4

2
o3t
=
td
AL

L

flo

[y E—)
(o3
>,

>
Y
M
Ku)
iy}

o O

=
jur}

<)}
H

2

o

9

o
ol

O
re

2 AdAsta, vlaa A
PEG enable & 3a}o]
SAD 94k WA A&
AX ek A &

RS ik

&
0:0(:“4

ok
(o

2
£

< |mlH
L

PCI0 gy

oo
D3d roor s x4 =

T T

[k e o
m Nz

2
e

o
=
o

bol o] sEel ) <]

EEEAL BB

om Mozye

Ref PEG

select
2riable
signals enabl

VPSAD ZIEE =2

Shift
enable

Top—Level
Eg®

e
8

o rir

o X

<.
oo 8oy g

i

> o )

ol = gk S
=) o 2

Mo ol
4>5ﬁ.ﬂrsné

2=
T

Tt €k & 9
o] 79 Shift enable<
A5E AdE NAHL
o] HHA2EH A FRE
=4 71¥9 2D
Aol gt

SAD

g 5.
Fig.

M eotst= 7hH ZQIE 2D SAD 7=
5. Proposed Variable Point 2D SAD architecture.



2011 128 MXASEe ==X H 48 © SD #

7 dloled
{16x16)

#HIH dlolel
{16x16)

AT 1648
EE]

/4

PE - Array SAD tree
(128 PEs)

b i 4

EZE ol

PE - Array SAD tree
(128 PEs)

b o 4

(a) FHAHSHA| (b) SHAH SHA|
a2l 6. A eotst= PEG of7|E X

Fig. 6. Proposed PEG architecture.

2 AT wEba] FAlel 4x4 B igk 8719
SAD & AAs) Wirk 44" A SAD PEG Hol
A3 Hlav)e] ¥ o Sojzit} Alstel= s %
RIE 2D SAD %+ Aljbsh= VBSAD ®#ofo] 7]
] whelel 16x16 TS Helslr] YslA] 2 Alo]Zo

throl 3 Abe]Zel 16x169] A9l 16x8 TS, 7 ¥
A Abol ol 319] 16x8 HAE ATt o) HE
Aol7)e] Bdmsl Ak AlojZo] FbetriekE PES)

NTgE €

Aljkeh= 7HA EQIE 2D SAD 29| 8t

Eoo] BRwE Y] gl
V. 78 2 45 b
A Asta 249 F4 WA 5L LISA 9]

71¥+e]  Synopsys Processor De&gner*gt% o] &3}
Algdolds stal Ass A st=do] +x
i Verilog HDL 1] E ¢]&3} st=doj= F+&3}
3L Mentore] ModelSime ©]&3l9 &2& #H33}
9o}t 2832 Synopsys? Design CompilerE ahof
IBM 90nm A glolBgE 2 ¢33 Azl SAD
Ast71el PEGSIY 9 25500 719 Alo|EE 7pAw,
Comparator= ¢F 109,720 719 A°lEE 7Y, FH o)
& ‘ZFTL}—’F—‘E oF 232MHzZ 574 = At

EolA 274% ASIPE 7He] A Ql
gl Ehaly) tlo]ol = Bl sl
AbolZ HlaLE HojFErh [8]9%
Hol& g ARRSte] AL ES] o
Wol A= Apo]=7h Algkeh= ASIPE.UH
g2 Qd WazEsE g diak
Z T Utk 9] volof
ASIP2 192 Alo]&o] 4%
Hl 3| B Virtex-4 SX352

Ve
=}
°]-&
R

(741)

Hi12 = 63

Z 3 Heotst= ASIPEE ch2 ASIPe| ZE AbO|= Y
o4k ALO|E vl
Table 3. Code size and computation cycle comparisons
between the proposed ASIP and other ASIP.
seaga | dolopemgty [ VW
s1ze
2= [Apelg | 2= [ Az
2 | % |an | o |MT
(8] 365 5248 460 4352 -
[12] 83 722 &4 660 -
9
L) - - - 287 | 3805
(PEG 27})
Proposed 1100 1 a0 | 100 | eaoa
(PEG 271)
A Ay 9] 3805 LUTSE Aleksh ASIP2 oK
o F uf A= 6594 LUTs 7} Ur%u} o] A okal=

< HolE AARES flste] & 1A HYE
9k Fx dojE Wy 3% H}OLE—, Al dloly W
256 HFOlEE FaL glo] o mEyrt 23 X<
g 9= Ze WEgE A A4 /\}O]Z‘j&
el FAlolvh &3 Albek= ASIPo] EE VBM
A1 d8t7] flsto] 4x4 @96 Aq AFE tiA Ed
o]-g3l tstal B= VBMO SAD #h& A7%she Wi,
[9]+= 8x8, 16x16 F Rnk AAAksto = Aotsli= ASIP

=

w o Rkl

of gh=slo] Abol=7} [9] ASIPS] Wl AL Syl
‘“U} O]E Fall = wf Atst= ASIPS WEH <dile]

AD 9HolE B3} o e m= Ajo)zst ¢

gz At 7ks
< (R A%k Aol HellA 140/@5
o] AL AgkEE TR} 7)E
@H & ARgetA L
b ouo} o] DVSS ¢are]
Fqell = A
tsiA 7bE EQE 2D SAD

A FE sgow

&t of

£

b
BN i
N

o

'z

lo

oEL

S
o —
Y =

ﬂ
fol —U rrr 2 <

JDEat=]
TE

o
T e
ol

©

2|4 o]

N ot g % PN

>~
-
oo

ol
-
2

e 2
)
>
s
K
Ach
[N
2,



64 2% B4 202 E|

1A
il
ro
o

=5

4. HMeotot= ASIPTE [11]9] AdA|ZE 2 =S Of
37| 4|

Table 4. Computatioon cycle and hardware  size

comparsions between the proposed ASIP and

[11]

DVSS Al UMHS DS Hardware
HEy | A 5 ] Ao
K /}01 Alo] Ate] o] MI
oAF | ZFF | oAF | EFF | odF | EF | EF
_ 158
(111 5 9 11 279 8 168 | 614K | 2375
Pro
124
pos| 30 8 7 232 8 192 | 453K | 2320
ed

E 5 Hotsk= ASIPZF ASICTES| SHESO] H[W
Table 5. Hardware comparsions between the proposed
ASIP and other ASICs.

IME [10] [13] Proposed
tech(ym) UMC 018 | TSMC 0.18 IBM 0.09
Gate Count 305k 481k 453k 271k
# of PEG 4 8 8 4
Resolution 720P 720p 1080p
Real time =
froq(MHz) 81/108MHz 1105 188
M AA =0l A& = F Ak DVSS

ol A 18%% %%E}.

® 504 Hol% Hio} - gro]  Agksb= ASIP
[10[13]¢] ASICRT} sf=glo] Ape]=7} ) HEE
ASIPe] A7|7F B AARE 53 vie} o] Aljteh=
ASIPS] PEG7} 7]&¢] PEGH.tH PE9] 7j47h dxto
7] Witell ASICHS A7]7F 2tk Aljksh= AISPe] &
2 Fohp= 188MHzolH. of= tE ASICY| §4& 1
<l 108MHz+ 1105MHz Btk 2 gheli}h 1080p 474

o AN AE T2 AY & 5 stk

=

ot
z
o
to
ey
Hy
o
=]
AC)
HlN
o
2 L

oo orlr 4o

Y =Y Mg PO ¥ X HA s Qf
ASIPY} mlauste] BT H2 AV E 7HA 3L 2840

Al
A

SAD x5 S Bt} ¢ &&49 A4l
H

2 el bsapnl Sa) Be e dE 1k ¥
SOl E

Qe Eol AP SAD BHojsh 7hd EIE 2D

o
=Rl A Ak ASIPY) FxE Thoka b
FAFL AFEE LE Fopl A5E F 9l

A} A8 Very Long Instruction-set Word

>
0,

(VLIW) o] Fol nlal] 22 st=dofE 7HAu= A

L

fu

(1]

[2]

(3]

[4]

6]

[7]

(8]

(742)

o NxEE T4 —s} 719 g, e A
b QuEE SoC B4 A w9

=5
hl
He 9%
FE 7w opje} 4 1—4 AYTV Ao Fa8
>~ =
=

o] 24
Azglel A AEE F Ak

Joint Video Team (JVT) of ISO/IEC & ITU-T
VCEG, “Draft ITU-T Recommendation and Final
Draft International Standard of Joint Video
Specification,” ITU-T Rec. H264 | ISO/IEC
14496-10 AVC, July 2004.

T. Wiegand, G.J. Sullivan, G. Bjontegaard and A.
Luthra, “Overview of the H264/AVC video coding
standard,” [EEE Trans. Circuits Syst Video
Technol, vol. 13, pp. 560-576, July 2003.

J. Ostermann, J. Bormans, P. List, D. Marpe, M.
Narroschke, F. Pereira, T. Stockhammer, and T.
Wedi, “Video coding with H.264/AVC: Tools,
Performance, and Complexity,” /EEE Circuits and
Systems Magazine 1, pp. 7-28, Apr. 2004.

Jung H. Lee, Sung D. Kim, and Myung H.
Sunwoo, “ASIP Instructions and Their Hardware
Architecture  for H264/AVC,”  Jowrnal of
Semiconductor Technology and Science (JSTS),
vol.5, no4, pp. 237-242, Dec 2005.

TMS320C6000 CPU and Instruction Set Reference
Guide, Texas Instruments Inc., Dallas, TX, 2000
Intel Architecture Software Developer's Manual
Volume 2: Instruction Set Reference, Intel Inc.,
1999.

Intel® SSE4 Programming Reference, Intel Inc.,
July 2007

Momcilovic, S.; Roma, N.; Sousa, L., “An ASIP
approach for adaptive AVC Motion Estimation,”
Research in Microelectronics and Electronics
Conference, ppl65-168, 2007.



2011 128 MXASEe ==X H 48 © SD #

[9] J. L. Nunez-Yanez, T. Spiteri, and G. Vafiadis,
“Multi-standard reconfigurable motion estimation
processor for hybrid video codecs,” in IET
Computers & Digital Techniques, Vol. 5, Iss. 2,
pp. 73 -85, 2011.

[10] T. C. Chen, and et al, “Analysis and Architecture
Design of an HDTV720p 30 Frames/s H.264/AVC
Encoder,” IEEE Trans. Circuits Syst. Video
Technol, vol. 16, no.6, pp. 673-688, June 2006.

[11] Hee Kwan Eun, Sung Jo Hwang, Myung Hoon
Sunwoo, Yung Hwan Kim, Hi Seok Kim,
“Integer—pel Motion Estimation Specific
Instructions and their Hardware Architecture for
ASIP”, in. Proc. [EEE International Symposium
on Circuits and Systems (ISCAS), 2011.

[12] Konstantinos Babionitakis, Gregory A, Doumenis,

George Georgakarakos, George Lentaris,
Kostantinos Nakos, Dionysios Reisis, loannis
Sifnaios, Nikolaos Vlassopoulos, “A real-time

motion estimation FPGA architecture”, Journal of
Real-Time Image Processing., vol. 3, pp. 3-20,
2008.

[13] Yiging Huang, Qin Liu, and Takeshi Ikenaga,
“Spatial feature based reconfigurable H.264/AVC
integer motion estimation architecture for HDTV
video encoder,” in Proc. International Conference
on Digital Signal Processing (DSP), July 2009,
pp. 1-6.

2 254 89)

2000 obFth ek Rl o) 3}
AAZ 3 SPAF E4.

20114 obFth ek g n Al o) 3}
ARES HAb 29,

20119 @4 LGAR(F) A7

<FPA Rl WEuTe] ;e Wejnjte] A&
Hel, WE v tol & SOCAA, A4 WEa A

A>

N XA

Hi12 = 65

H

=4,
. 198213 =9 dr|&d AR
ERE L)
19821 ~ 19851 gk A A-S Al A

Z(ETRD A4

19903 Univ. of Texas at Austin
AR} FsF whAL

19851 ~

1990 ~1992'd Motorola, DSP Chip Division
(v =)

19921 ~1996\0 o}Fol st A7) A Az ok
g,

199613 ~2001% o}F o star A AF TR a4

20019 ~d A} ofFd gt HAF R wg

2010 ~ A A UstART83] wE A Aol ol E
/\}ﬁ' =) §] Z}

2011 d ~ & 4] IEEE CASS Board of Governor

<FHAFoF 1 SoC A A, VLSI Architecture, &
A @ "HElr o] ASIP AA, Ad=E AA>



