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UM C-H R G R R A
TV £ R B

PREEVR  PRAEAET

‘HIBHRBKRRET TERBME
‘EIBHRARMBRETF LERBER
HE

HREERSEBMEE SEENENBEREANRBEERT REAER, BEE
R 3R S0 E S FE R T B -XE I BERE (Force-Directed Scheduling, FDS)# B i, E12 H I ML
TR T B R (R AU [F B £ (Concurrency) $t 3 E H BUHEH C-19{H(Fuzzy c-Mean,
FCM)E G BEEE S B REHE UZEROIRET - §FE. URERFNERE,
WG HEREE R (Data path EREREE-HXFEATHEROEELRNES
VHDL E#FE S it (Modeling) - MEHFRRE - AEBAS —RHABWENXE
MERBI - HBEFH(Codebook) EHNMNINHABEUFEBEFHIIRBAE
(Codevecton IR ZH/N BBV MEABERANTBICEE TREANEZREL
RETHE - REEEHEET R BAUEHRTAZAR G- ARERBTEPR
HEBAIZEBRE EUERBAEZABERERUR WHMTAKRBEIEEHE,
EMRAEERE - AR EERER FAERRXECRIINERIEY C-HENGBRER
HEeFEEREE X ERWFE VEDL EEBES R - R T LB -
HEd mEEL - EBEBE  'sEE®R -

i

_“ﬁff

AF—EALHE—REOBEFENEREETLT#E  AEE RS SRR
BanERRETLNNE SRS YEEENREE MY BRRERMES
BB R MR —BERATE 512x512x8 MT/ARE X3 BENTE - MBERMER bdaud
£ 9600(baud B 7E/6) AU BLIE 4 (Modem), M8 — B R BB E L HEGS 11 5
@ - ENHAADORESREEALN - B, AL IS E L EH CIEEEES
EUEEBREERAERETEFEEER RS KRR -

BIE AT (Fuzzy se)it 1965 4 Zadeh[10]5K2 42 %, BV FE I AR A 2 48
e o ERERE AT RRERNBEARELEEET N9 - ARELY
EHEMEE TR AN RIMEAEE AT Y GEN RN THEES
Ao BT AT DU S — FER AR BT o 70 BYEE B AT D AR A R 9IS R SE
th L (Classes” center)#Z8 $938 22 B/, F7 7S 91 SR 1A B AT M WA RE RO 408 - AREZET B B AL
Hfih BB RAR{X, =12, N EEE TS —SEER (X i=1,2,..,c}HELLE,
BETRENEXCEEARSERRL NEEBETad B X, EHAE =120
dx X )edX X;) b dX X )EFRERAEREEAREX, M2 FHRE, I
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c
MX&F%%@r&V’%$ﬁ§§%ﬁ§—%¢ﬁﬁﬂﬁi%k%ﬂ%%&m°
i=

R ERER/IML B EE A AR UBE R BBE L Generalized Lloyd #H
H(GLA)[1] - AR b R 5%k A BT 5 3255 38 J& ¥ Rl (Nearest neighbor rule),GLA 7Ef§—X
EABERYEEFEESTH FER GLA SRBE ENERPZEN C-HBEEER,
HIl L 35 58 & 8t (Membership function)EU {4 &t 2 B FERK B (Crisp function), LAKEREE
ERTIEEBRERE - EMAREAUEERENESEFA MATLAB BEXFEEHR
HREERREETAABRSETEECEE -

TAESRURRELBEET  ERERIEERBNERNEERRRITRRYNA
(Description) R R EEN T ERUBRZHRETS - TEHBRESHIIKE
(Performance) ¥ i 75 (Cost) Blf &2 # /F #E #2 (Scheduling) kk B IR EC & (Allocation) 32 7% +H B8
(1] BEHEEEBEOEHBHEE— NP-hard[12)FIE - BUUAEZER FDS B
EEERE] HHAERNOERELEY C-HEEEEREIRFHE  LHHHREN
EE L HERTHREEEEE - R E&H VIDL EEES A - BREEERENET
DIEGSBERmE /ey EEY  DRAERBSHERZ PSNR (Peak Signal to Noise Ratio)fH
REBIHE -

— - AEELEY C-HEEER

(—EEEANER
S 1 A TR B B L B B L B3 EH B 1980 448 Linde,Buzo,and Gray[11%
s o B AR R T I M, BT — AR MLE B S LBG HE K - —EREER
{5 T] 65 72 2 5 BB (Mapping)— 8 A x A - i RAA gy B B /5 22 (Euclidean space) Q
R Ax A - E SR ES YRE, Q : RP S Y EdY = (X;,i=12,,..,0)
BEEHBENESLE c RERSHES Y OBAREE -
AERABHTNEEERENENES: —EEEE CEERAREEE X U
EREEEENERIRHYX,) PESEEA RN, —ERES CEMERBM
HENEEEAEX; -
Eo—ERzaEdX X )RE-EHASFAEXSHEBAE X, BEORE,
Il £7 89 4 B Q(Mapping Q) d(X, X; ) B 8/, R i, — {8 5 BEL 0O 2R 22 1 | O
R .2 Ax4 .
d(X,Xi)=|X-Xi‘ = Zl(xj—xj)z ()
i
R B - EARELAEELENEEEEES —EH c BRBARERYRELE G
BTHTHRESR/) - WE K- FHRETERER
c
DX )= 2d(x-Xi) @
b

TRENE ST B B/, RAITET B — R ) R B -
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(M C-HEEEE (FCM)

EHEREU-HEEBEERENBRRBEZAEEME.B 1965 £ Zadeh[10]H RIE
HESERURENECHRBOCHERRTRACHE BUEREZEOT - BEBE -
BARKFIE - 1R1R Bezdek HUR EHBEMBETRRNT S Z={2,2) .20 - L} B—R
EBEZEREHE RSP 2. B— p-HZ RN, MEBEE c,...c. MIZRBEBEERR
R U=(u ) EBF ZTE.E P o, BR . BENE  HENERCTREEEE -

BB ERN— R B EERN A EAR N 2N L EN BB

c n
JFCM =-:}2- > Z("x,j)mlzx -wj'!z 3)
j=lx=1 :

He “|o|” BEXE RS (Euclidean)fEBE - EHEST LB C-BER—MHEMLARED
ReH BB M, B %l Dunn[4IFT MR, MEMZ AR REFE LA E Bezdek[15]ATR L,
B EPCRIT:

B C- A EE R

SR REHEER - BHBE m(sm<o) REBEBER UY
ZEIEME, WEREE>0 K =0 -
S 2 BH UYREGBEEFOEER W=[w,w, .. w1 HEf

1 n "
wj =Y luxi) v, HE—ME- 4)
Z(”x,i)m x=1
x=1
SE 3 FH WORTERBAER U =(uy;]
2/ T
c IZ -—w'l /(m_l)
uyj=| 2| — ., HE—MExRi- (5)
j=1 zx‘wjl :

555 4 BB A=max(IUCV-UO), 2 Ase A B E 5 B 2,30 B0E t=t+1, B BIE
HRIE -
HAEHSH m 5 | Hloz FRIE A EHE LR CTHS BERLBREE n=1
B R R IR B R NN © L TR v R E AN E R RN
s -

() E MM C-EESEE |
ERGRREEABREAR - EERNEN KR ENRERRE A IUETL
BEORZGT—E LxM NER GTUEZAZETHIRGY).GUN.B(GN] - TARE
LRBE S ZECTENERTRERIIMEARNE MARENNME - /RE0L,—RE
B NxN@ROE S EHEVER n BERECTR). AT —FEREEE (<L ((<NER
ZEDTOEAREGRAERAMEESHLEE - BEZ AERCHRBRER/NFHR
EHEH P (Maps) T B VIR E AR &R — ERRER A (Class cente) RIRBEAEZ KT,
BB BRABTFH - ARNFEBFARNANFRETEZ n @Ry ERILERNR



9% HRBWETLH

% ALRMTUZIZERBREZER - ﬁﬁi%z{jﬁiﬁ(logzl\’c)/k um/{%? He N,
REFBAENESLIRROBECHE -

FEAGNER LA —REPIEABEAAREMIRAERES - BOFER,
BERZEAERSBFRBERMZEAER N EREERISR6) L BEEMBEE
R (Within-class scatter matrix) 2 ERARBEE T8 EREREERZHEENER
FBEIRA °

EETR RMGHZABENA R B EEMBFERN £ BB Yang &
#2[17-18]% Karayiannis {Z[19]F712 - H I, HEE T LG KRB RBER T HKE
ERK

m

1 L |
w=77—~—2@w)u,ﬁ§~@h ®)
Z(”x 1)’"
) -1
c s /(m—l)
Uy = Z{lzx w’l] , HE—ExRi- N
I fFx =W

FEREORMAETER,TE n BIMEADESER c ERBAEAWEREL FCM
EREWO TR -

BB FCM FEX

HE 1 BA—BISRRE RES (22,2} BHSB m(1sm<),
G R o, B B A B SR R Ul ]

S8 2 BERORHH R AT -

S8 3 EROREFRBEREM -

5%“:%§A=mﬂ¢ﬂm—UWH%m&%%@iﬁLé%%tﬁ%°

=~ mEEAER C- MEEEE BREFERFERERE

(—)BR{EFERE BT

$EFEHY S F (Architecture synthesis), HEFE (Scheduling) 2 —HFEH EEAIRE - R
HERS DAJE W B 1 5 R B FE 5 (Sequencing) B 7 T R A RO AB AR 1%, 3 B FERR LR E BAFAS
B (4 #8218 [E S 1% (Concurrency) © (R i, BERE £ 7 19 532 12 1% & 2 E {F (Implementation) A9
¥ (Area), B 45 4% B8 5T A9 & R A B (High utilization) SRR EITRYEH BERFF -

AEIE N EREERBNIEE - B E(Allocation) BT W HE SRR BN (1) B4
{R(As Soon As Possible , ASAP)EFE@E&& (2) 1ET]HEE (As Late As Possible, ALAP)
HEEEE: - B ASAP BIEEE RS B TR ARFINBHIZRM, T ALAP SHEHE
B3k B B — 7 IR %I 7B (R B3 (Latency-Constrained) M BRI B 17 - B E SR EE B 5]
ot

AP Algorithm
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ASAP(G(V.E)Y{
Schedule v, by setting t,’=1,
repeat{
Select a vertex v; whose predecessors are all scheduled;

Schedule v; by setting t;*= max tJ +d;;
Jv;veE

}
until(v, is scheduled);
return(t®);

}
ALAP Algorithm

ALAP(G,(V,E), A ){
Schedule v, by setting tl=2 +1;
repeat{
Select vertex v; whose successors are all scheduled;

Schedule v; by setting t," = mln ¢t -d,;
J(vi.v, eE J

}
until(v, is scheduled);

return(tt);

Hep t* 55 B 2R B¥ [ (Start time), 478 M B TR VI B F R G R A R
4 (dependency) ° ‘ ‘
- R RABE ALAP HERE BB R ET E BRI -
A TR BREF R (Latency)#y ER ©
d; 2R 4, RBBIERITRERH >

(OYHE-ErRPREEEEDS)

+1 & -5 7 B f2 5 B 1 (Force-Directed Scheduling, FDS)[131 2 7£ 18 B N 1T
K, 48 g1 75 47 $% 15 (Operations) B9 [7] ¥ 14 LUE 211K 4 o € B 5T (Functional unit) ~ HHFEH
(Register), bl R FEFi HE(Buses)AIFE R & - [ B A9 2R 7 6 Bh S 4 B ST B9 & 7 A (Hligh
utilization) % &% 16 B LYK B FF [ -

eI RS E- %r‘]%Ffizﬁ%ﬁifZZUH:‘E13f;%fﬁﬁh(Aﬂthmeth)?ﬂ]&ﬁ(Loglc)?%ﬁfE"J
FEIES 1,36 H R AT R fEBRITIE — (B #5125 B (Control step ; C-step), 4% (Chaining;
% 7 18 & 5 A 4k (Data-dependent) #: F A 48 3 #4145 % (C-step) AR S B HI I 5
(Multiple c-step operation)Z2 A #EFH & ° HER S BN TRMm:

35 B — BFHE (Time frame) R E
B BB EE R (ASAP)HERE A R B T R B (ALAP)HEE  RIR B G E M fE Bk
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12 LB 52 45 — {8 #% {F (Operation) Y FF 4E - MERFTREMBEEN N ASAP R
ALAP &35 R ch 2 — 5B HIL TG —RER P - T Rk —ERFEE
EEMET— BTN S R AFARNERR AEEET - ERFNVELER
HERERE LY B EZRERS -

5 B .43 5 Bl (Distribution Graphs, DG’s)FJ &1L

HAHRHREREE S EHSENE - BFURT MR AMEE
B AMGEBEEEERRENARSEER - ME— @SB EEEPRE | D, KR
R TTAREEH

DG(iy= ) Prob(Opn,i) (8)

Opntype

18E] « Hf Prob(Opn,i) RFE—ERFELEFIDHE i BIRE -

BB = 5 EE B & (“Self” Force)

ZHBERRER R E—EREE - ERENRHEPE 255 RAERB N
B & f1E&(Self Force) - HE NEBRE —EENL BUREBEMERER, ERIEEST
— S R REE RS ERNEE  c ERMBFRER ARBFRABRRERIE
IEABFEEAIRZ -

B & BB, 3% E AR (Obey) 52 58 E 2 (Hooke’s law) : F=Kx HIE%E
2 HEERA - £ K R F S HE(Spring’s constant),x {{ E (15 (Displacement),
i A FREFEMBHIIE -

FIE R, H—EC AR THEARIEC Initial time frame) RBFIEHIS
BEft t 3 b(tsb)dP HIZFIS R i T RETER

Force(i)=DG(1)*x(i) (9a)
Ht DGO)E BB ESHECFEERRE)x(O)BRFNOBRENBEONNEE
HIRIRE) - 36 B B — IR MEIE BRI RS j(<j<b) 2 H & I B T L

b
Self Foce(j)= »_[Force(i)] (9b)

i=t

3% BR VY B BT % (Predecessor) } % # & (Successor) J1 &
BT RS- EERNEHNS B ATEEEEEFEN KB (CDFG)
P AIRERE c WRERERWBERERIFTEERREEIRENRE -
RENWHEEPOREL. SHSBNEEEARNR LT ERRE RN
e D ESBETHITERPUT:

BHEEFTELEIFHRERE:
S FEEE
1.1 .3 ASAP BEfE -
1.2 $= ALAP HEfE -
$BE 2. 5 T E &4 {ff B 2 (Distribution Graphs) e
DG(i)= ZProb(Opn, i)
Opntype
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HEE3: FH
Force(i)=DG() * x(i),2A Kk
Self Force(i)=Y.0_ [Force(i)]
HE—-EURNENSBIEEs g hE -
FE4: MEEENEEZLES
BEENE-

BERS: DI/ SIREEEERIE -

RALER -

ESRERMAEY C-HEERERFHFEREREE

RTHEM FDS HREENNPFRAEE/L FCM (FRIEEHE, HAH K E MRS
E SR (HDL description) J 3 $f fE 1912 ] % 8 772 B (CDFG) ¥ 3, A0 1 R BBl 2 AR«

RETEE ) B - P HE R B A AR, RS T E 5 18 FCM B E 2 ASAP F1 ALAP
BERE ~ I BRIEGIRFE - M ER. LUK FDS SRR BRIFNWEENMGEY -
SRIBETEBEIERT -

HRX R FDS SRERZ BIFNRIETHESE 8 MERL FCM HEERHEREHA
FIRIEE - HBRE 1 ASIAFNE 8 9EEL FCM HE SRR R RERE
HIEEF5(Code sequence) - FIL, RFIENTHBE 9 i@ E &L FCM HEBEZER
BEFEEREER -

for

end;

end;

stepl: Input m,c,Z,and randomly initialize U=[u, ;]
while (iter<0) repeat;
step2: Calculate w,
- for i=1ltoc;
U oo =0, U gz, = 0;
x =1 ton;
U_sum = U_gumtPOW(u, ;,m);

u_sumzx = u_sumzx+zx*pow(ux,i, m);
- end;
step3: Update u,;
fori=1toc;
for x =1 to n;

dil = 0;
forj=1toc;

end;

step4: Output codebook

wi = u__sumzx/u_xum;

dil = dil+pow(pow((z,-w;),2), -2/(m-1));
end;
U,; = Pow(pow((z,-w;),2), 2/(m-1))/dil;

B 1 FCM [ H ki B i ae = 2 9 (HDL description)
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o SRS

EABELCEABREET T ABTHORGR —EEENREHRR - THARR
SATRER R FCM HEREEFAEE » H%KEE(Performance) 7] £ F]f MATLAB 23
S5 = Ep 01 {44 GLA 38 & 3£ (Generalized Lioyd Algorithm)[1] #&HH B & B (Real image)
WER LS - HK > EAIA VHDL IEEEES7E V-System BIF T H HIEREITRE -
f# i (Modeling) SR E -

%%ﬁ?%@fﬁﬁ%%&rﬁﬂﬁﬁ$ﬂﬁﬁ2?@ » L H 53 A% Lena~ F16 ~ Girl
Pepper, & Boy-girl ER AN EBEAMEBRAA - KBEEPIREARNERNER
256%256 HIE AT UIEIR M 4096 18 4x4 JE B 16-#E % & 1 B (T5), 2 E LB
AKEBETESBEBEANS 64 12851 K 256 BREBEANEZRBFHRUEERE -
A B EhE Gz 8-MI TR ERAE - Hik, LB ERAGFRALE NN ZE&T
EEDT:

PSNR =10log 10 235 x 255

DRI S roy o

R, [, REBESEBERKEE, f BERVGEBIEKEE?2SS EU{‘Q%?’P’@?WH
B (Peak gray level) °

AN EREEEEEME 10 k%R 2 Fix - £ MATLAB BRERSEN > T2
B C-HEEERESHERLENERREABRERBTAR  wAELHEES
ABENER - N HLESRE VEDL B85 2 - HEE A fEZ PSNR {E141 MATLAB
EREE FEEETEGACEERRN  ARCREEREBEERERET  HE
138 %i(Stopping criterion) VHDL #5ft - 1 #HE]E B REEEABG IR RBIA

iter=40)f1f{, FCM ¢%§f§A=mulU(t+l)—U(t)‘ A EE/NREARE e (MATLAB &

BRHEHREY 0.001) - {EREEEMEE RILKER  BAEBRHNERAREIIFOE
wERes > ELAE 10 RE 24 ARICRIWERERNEY CHERESEER
EEFHAEELERFEREFEESHAR - LRHWFA VHDL BEEESHEL - &®
|7 HBERR

PR

S
al
=
21

P

EABERY —EELNEY C-HERGERERER ARG REERERR
H o i1 MATLAB ERESERHRMA A EELEY C-HEEREKARRERTHI
26 F| 34 ERREEZEIBERE - BXRAERAN FCM HEETRRERE GLA
B R AR P B C-H R 7Y DU BRI i AR A R A i B (Corisp
function), LA SR7E [ B B L BURT o 32 R M SREE « #€ MATLAB HERAS RIREUR, A ZLAT
FEFIRy FCM BEESOUGEBERAERURMEL ERBHAR LK GLA BER
¥ PSNR {EFSHRA TH 2dB L -

HFER BEME - SRENEHEBEREREHEERTREE BLEFRRLE
SHef s R AT ME VI E] C-IOfEE B Y LR N K (Data path) R 548, M F A
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VHDL #3538 {5l (Modeling) ~ MR HE R - RS RILEE N, EHLNE
BRAERT > EATSHEFTOBAEREE » Hk 2 UERABRAE VHDL @
BERORGBEAERACEWCRIAOET - BT HEEget -

R, EECESENERFTROZETEBA —BIRE/ME - Bt REAX
BB TR & B M E R FE % (Genetic algorithm) J157 SlB 8 B (R R 2 1545, LU E R 12
BREAAFHELBIERZIRE BN RENEABRREA LB ERAEERIIS
RREHT —EARGEE -

N~ BEXR

[1] Y Linde, A. Buzo, and R. M. Gray, 1980, “An algorithm for vector quantizer design,” JEEE
Trans. Commun., vol. COM-28, pp. 85-94, Jan., 1980.

[2] R. M. Gray, 1984, “ Vector quantization,” IEEE ASSP Magazine, vol. 1, pp. 4-29.

3] C. Y Chang, R. Kwok, and J. C. Curlander, 1988, “Spatial compression of seasat SAR
images,” JEEE Trans. on Geoscience and Remote Sensing, vol.26, pp. 637-685.

[4] A N. Netravali, 1988, Digital Pictures: Representation and Compression. Plenum press,
New York.

[5] A. Gersho, and R. M. Gray, 1992, Vector Quantization and Signal Compression, Kluwer
Academic Publishers, Norwell, Ma.

[6] E.A. Riskin, T.Lookabaugh, P.A.Chou, and R. M. Gray, 1990, “Variable rate vector
quantization for medical image compression,” JEEE Trans. med. Imaging, vol. 9, pp.
290-298.

[7]1 E. Yair, K. Zeger, and A. Gersho, 1992, “Competitive learning and soft competition for
vector quantizer design,” IEEE Trans. Signal Processing, vol.40, pp. 294-309.

[8] K.Zeger, J.Vaisey, and A.Gersho, 1992, “Globally optimal vector. quantizer design by
stochastic relaxation,” IEEE Trans. Signal Processing, vol. 40, pp. 310-322.

[9] L.L.H. Andrew, and M. Palaniswami, 1996, " A unified approach to selecting optimal step
lengths for adaptive vector quantizers,” JEEE Trans. Commun., vol. 44, pp. 434-439.

[10] L. A. Zadeh, 1965, “Fuzzy set,” Inform. Control, vol. 8, pp. 338-353.

[11] M. C. McFarland, A. C. Parker, and R. Compasano, “Tutorial on high-level synthesis,”
in proc. 25th DAC, June 1988, pp. 330-336.

[12] M. R. Garey and D. S. Johnson, Computers and Intractability: A Guide for the Theory
of NP-Completeness. San Francisco, CA: Freeman, 1979.

[13] P. G. Paulin and J. P. Knight, “Force-directed scheduling for the behavioral synthesis of
ASIC’s,” IEEE Trans. Computer-Aided Design, vol. 8, no. 6, pp.661-678, June 1989.

[14] J. C. Dunn, 1974, “A Fuzzy Relative of the ISODATA process and its use in detecting
compact well-separated clusters,” J. Cybern., vol.3, no.3, pp. 32-57.

[15] J. C. Bezdek, 1973, “ Fuzzy Mathematics in Pattern Classification,” Ph. D. Dissertation,
Applied Mathematics. Cornell University, Ithaca, New York.

[16] K. Fukunaga, 1972, Introduction to statistical pattern recognition, New York,
Academic.

[17] M. S. Yang, 1993, “On a class of fuzzy classification maximum likehood procedures,”
Fuzzy Sets Systems vol. 57, pp. 365-375.

[18] M. S. Yang, and C. F. Su, 1994, “On parameter estimation for normal mixtures based on
fuzzy clustering algorithms,” Fuzzy Sets Systems, vol. 68, pp.13-28.

(19] N. B. Karayiannis, P. I. Pai, 1995, ” Fuzzy Vector Quantization Algorithms and Their
Application in Image Compression,” IEEE Trans. Image Processing, vol. 4, No.9,
pp.1193-1201.
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DG for Mul,Div DG for Add,Sub,Cmp DG for pow
o 1 2 3 0 1 2 3 2 3
I I I I O L] 1]
T B B R ro
1 1 438/420 22/60
2 13/20 2 568/420 49/60
3 13/20 3 652/420 76/60
4 21/20 4 757/420 76/60
5 21720 5 547/420 76/60
6 16/20 6 379/420 49/60
7 8/20 7 379/420 12/60
8 8/20 8 60/420
B 5 FCM #4253 i B %
C-step 1 ** - -
C-step 2 * ‘ *x -
C-step 3 + ¥ /
C-step 4 + / *%
C-step 5 / -
C-step 6 ** v +
C-step 7 , ** -
C-step 8 / <

[ 6 FCM #8 FDS SR % R FRIFFAE
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DG for Mul,Div

n\l O\l\.h P NI-—-

DG for Add,Sub,Cmp
0 1 2

[y

I (-] ~3 [« W By w [ 38

DG for pow
3 0 1 2
| | | |
I _ |

1

2

3

4

5

6

7

8

7 FCM {8 FDS HFRE 1R Z 73 i [ 7

2 1 FCM B {ERSIEF%1(Code sequence)

v10=u_sumzx+v4

Vi3;=V,/V,

3
4

5

6 V=V, **2
7 V= Vi**Vy,
8

Vis=V12/ Vs

FU,;
FU,;
FU,;
FU,;
FU,;
FU,;
FU,;
FU,;

V,=m-1
Vi=U,**m
V=V *¥*2
V,,=-2/V,

V = Z,-W;
V,=dil+V,,
V,g=iter-1

V2=V <0

FU,; V;=z,-w;
FU,; Vi~m-1
FU; Vg=-2/V,
FU,; V,,= V**V,
FU,;

FU,;

FU,;

FU,;

FU;;
FU,;
FU,;
FU,;
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STORAGES
. u_sumzx
® ® ® z,
® U (4
® ® m
' u_sum
® 2
[ J ® Wi w;
o -2
o 1
® dil
® iter
® ]
—— ] e O r,
> o Ty
—» | @ ° r, (4
— L4 197
—> . . , rs
- |
i I f t
Y \ 4 Y vY_ h 4 \ 4
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Codebook Size 64 128 256

Lena 26.555 27.799 29.169
F16 25.632 26.821 28.322
Girl 29.454 30.521 31.745
Pepper 26.145 27.577 29.263
Boy-girl 30.198 31.542 33.123

(a) MATLAB EEEE (£=0.001)

Codebook Size 64 128 256

Lena 26.447 27.520 28.679
F16 25.446 26.481 27.822
Girl 29.101 30.230 31.228
Pepper 26.077 27432 28.785
Boy-girl 29.891 31.017 31.981

(b) VHDL tE#HER (iter = 40)
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