Jm

LM &8

9 AAAE AHEsld FR%e FUE F
Al AlAEl(cellular phone, pagers, wireless
modem% )l A] DSP(Digital Signal Processor) 2]
Fa7F Eolvty Qom Ae M 2 A=
2 99 xgo) A7 Y. 28T T4 £
= 0|9| a'xi el 2] AME Z7ke ARA FHe) dFe
x-l ”I % embedded DSPE o g 3l o Bt} 5
A3} speech ¢} channel coding @8] &2 A 4HS
I'g!l‘ sl B A A28 (computational
throughput)& 273811 Stk 7|59 B3= o
FEod] o Hole 58L& A9F F39 F
& i) AU A5 9% Ael 299
o % W78 duAE o 9 A 2ne A
3lt}, Deep-submicron 0754 =4} H‘:—o] 2
540z 493 Rou 45l 22 37
AEARE 29 ol e FAolt. Hehy
Al e Fhe Bz sase Aut
$4 9 wengel Azdd Brdoz H89
olof & 7|&olth. &3 11%1 2 14EH o
g a7e FUE gy B ME} 145 2H
oo} AlxEl T A9 8471 Ha gl

tixg CMOS VLSIY 53 A8 &
Aoz gHHA

C

Ao

\o_l

Pp= ET{CiV(Zidfs ( 1)

od7lM T BFE  Ho|FZ(transition
activity), C= hardware unit id] ™3} A9H
ALY, Vipe 37 3¢, 283 fe §F F
BeE Wity 12 AE AR 9¥E Fo
SAEE iy st dgR 2Eg A
=8 AAY ZE AZdA 1HI ) =g
A 228kt 3] 2ol pass logic, multi-threshold logic, swing
suppression, charge recycling circuit, Z.8]1
adiabatic logic circuit!'®! o] AR&-E 3, LS o}7]
g2dAl=  parallel, pipeline, switching
capacitance reduction, algorithm ®$, 8|1
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=

power management!'1%-¢] W So] A7 9]
t}, T3k compilation, scheduling, resource-
allocation'™& X35l high-level synthesis®
AHAE 259 27 7ld8i Qi 58] £ =
1E B oA E] AAY
2 FZo DSP ¢ 5414 subsystem
7IHE oEd
& gl 7o) 28 A= R4
A5 53 AAY A4 7HE O9F 3, 3
718)4 W3l o3t A scaling, 449
Me 588 E3 busactivity 24 7|HE, 54
HYEE ¢ A 74E U
2 6HoME AHE L
Pl 7Hd N ZES @

B )
o o
W K2
Hﬁlnﬁ:m
}m°9“
__@F—i’i'«
S o
M o
by
A
01']0

A (DA B dHARY] A&
24 F FAEHELE U9 HoE 5gdEn

Ci = eresCres + Nreg reg + Nmemcmem ( 2)

d1gE FFJ A= operation FE ZolA )
algebraic #H3}(d : kernel extractiond] <%t
common subexpression A7 )3} reduction of
strength(d) : §3}7] Al shifter+adder)& A}
£ole AAsHSs Atk T off-chip W 2e
operation @At} H|w3dle] 10ujo]Ate] AL
daz 3] P& off-chip W22 accessE
ol Aol FAXET Fasith wapd ¢ndFE
P& 95t o2 s W2 accessE £o)7)
H8ted w22 accessv processor A oA o] F
oA=& Fltd(locality of reference);Z, A~
E, cache, RAM?9] &4 = 3}, &3 single word
load ®.c}= multiple word parallel load& ©] &3}
o 7}4 bandwidthg &E3}3 o=z Al&3it) o2
£M, signal processing®] loop nesting®}

> i

operation ordering®] 4 t}2-2 o & 53}
% 4 gk
Example 1:
Before: After:
FORT:=1TONDO FOR1:=1TONDO
Bli]: =f(ALD); Bli]: =f(A[i]);
FORI:1TONDO Cli]:=g®il);
Clil: =g(Bli]);

Befored] A $-& BH, Barraye YT 74 #
A 2Ed A317] o1¥7] o] ®2e transfer
7t BastA ot whde After A %= 7 &
Bli]7} dAl 2] B#E 4= 9l7] wjEo) 2N o]
28 transferg #HAAE accessz &3 5 )
A

2z 2943 F& 435 B3 A" 32
Y ol7|8 A FF, =g EE7E2M A7)
HA FA7] £ BA7]E time-sharing 24
o2 Ag8 o, d&d F Y g gt A3t
bit 42 Hamming Distance®}z 3t} FH#F
Hamming distances= t}&9] 2o 2 Fojxt},

AHD(2)=limy - SH@.z)  (3)

7] A H(l'i, -Z‘.'—l)"E‘ FHe Tiy 1‘:‘—1}‘}01—0’]
Hamming distanceo] . ;= A o] 7t id) A4 7
Axzte] groltt. HE ARE Fo|7] HdiAE H
7 Hamming distanceE Zojo} a9 1 &
scheduling @ resource sharingd] wal WA &
. a3eg (3)4& FA23Ee scheduling
resource-sharing &3g]&o] A ¢tE] ¢l g2,

Clock networkol| A A% %+ switching 34 &
22 HAlY 15-30%E AAgo). a2 = clock
networke] 93 FFARE Hr =2 3§y sty
local clock & ©]-4-% Gated Clocke %7]3] 2] 4]
4 AE 239 EdE wan. ey
testability®  Z2AkE wel YL

(1488)




LuE % oA

gated clock?] finite state machined|A] single-
stuck-at testabilityE W43l HHS A oElsy
o} AR WHL obsevabilityE Z71A17) 3 fully-
testable gated clockg- 7] $3]A redundancy-
removal 7| A= AMgE £ Utk F W
A 948 redundancy removale] 7}1538k7] ¥e
observability®} controllability & ZA]d] & &}
large FSMel| g3l woz fully-testable
gated-clock FSMsE& ®A%lt). Deep submicron
AA A Clock networke] AAlE 14% AlA8 A
A oi$ 52319 clock skew & 24| 7te] A
NN EE AAstejor &}, DECY Alpha &
Motolora] PowerPC  AAA  HEHgAH=
tapering® H-tree T7%E AN} distributed
buffer @ clock regenerator2 ©]&3la clocksS
wH] 3% blockoll = Mesh¥e| & zZte= B4
TF79 clock network topology7} AF&-E 3L 9leh.

ITL. OI7I%x{ Bigtoj| ofgt Het Scaling

ol7|eA W % MY scaling FAL A
ZE 2 §.4Jr*§: e E} ek scalingg #13}
o dxelZ Hg 78D pipelining, parallel
processing, retlming“‘” folding, unfolding, look-
ahead, Z12)1 w3, Hul WA 2 algebraic
HE 7Y 5 ARt CMOS gated] XA
2t To T 2ol FoXT)

CiViaa CiVaa (4)

To= I k(W/L)(Vdd VT)Z’

(B 1) oplgA 8l g vl

'F%N-YL

w2 ARY A A5 1

A7l CLe gate ALY, [= 2HFAE,

Vo threshold voltage, k= 33 9& W, Wet
£ wad.

LO EdXAEHSY Z3 Zojg
noll B wel Tt F7lske A ¢ ¢
LA Al2E] AAA Ae B AERE R
A AERE Fole Ao Fa3 il

A & AL AAE opy|E A W3
o:] BAE)ojolat s}, 1 W= =7 parallel
processing® pipelining®] § 71A] #4o] it
Parallel processing® hardware unit2 24|
(replication)dte] $35tn e T T ZAAE o]
48 fo} 22 FE%E ] AN e 449
zZaAXY Ao FIFE 128 ZAE F J
A 9o He Fa4 2ad BE A9 9

o Hed AHAEL 29V ZAA Ho
Pipelining critical pathg latchz #&]8ld &

2|e 479 blocks FAlY FPsle 7|BoR
critical path delay7} 1/28 Zo0]EW AZEL 1
g T a2 F7}etA Fvd. 19 critical path
delay?] Z#AZ 3t [ A (4)9] 9std 2.
Va2 2HAA "ot 7hd$ adder-comparator
data pathdl] t)3}e] hardware EA|o] o5 #H&E¢
a % /g x2FS

1o} jel

%, pipelining, 2181
pipelined 3 E72E #43 Ad= ¥
4 9.

Retiming!®12 data flow 18] TAr9] latche] 4
A2 W7oz clock period ¥ latche] A4-E
FHAigsl= Aolth, AAHE 3 retiming 718
< BE 232 ¥ latch?] 28 229X IT.C
7} Hah 52 latche] 908 WASRE Aol
ot 2gAI] HiME T.C(Tie glitchE 3
3 Cx =& 9 loading A¥&UT nE

Hd
[19_'4

Architecture Vsa Coss Area Power Frequency | Throughput
Reference 5.0V 1 1 1 1 1
Paralle 2.9V 2.15 3.4 0.36 1/2 1
Pipelined 2.9V 1.15 1.3 0.39 1 1
Pipelined Parallel 2.0V 2.50 4 0.2 1/4 1
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fanout ==¢] QY AASUL TFRHI} =
29 k=9 latchg Algsls Aol amdolth
AL glitchZ AASTE  fanout node9)
capacitive loading& maskings] F+= 9&& 3}
Ax HEFs 72HAA% Glitch(spurious
switching)= Al71do] 2& A7l =@siA] &
7] 2o W shs Ed23 swithingg @ain
82 HA switching® 20%-70%9)] & 33t
Logic path7} Z=2(Z differential path delay7}
U=F) HASE glitchE AAS & B oy
gh, 2288 AF HE AALS = At 2 A
& BE AAQATE ZE logic paths o o4
o AR7t FEH AFE sy gFoidh
Logic pathAte] o] 2|AA|zte] B2 & slo] EHQ
3 AR dHE AASe e Ed@AH
sizingg F3le] 22 F Utk EAXAH =7
+ switching A5¢} capacitive loadso}] 1)d) s}
2 WE pathide] EHAXHE A7)7} F& A
2 A8 % AF 2 capacitive load7} 29
£0] 1 pathe] A A7t EoluA Hu

Unfolding software pipeliningt®¥ol gl
¥ data flow programe] WA Q)
concurrency & ©|-& WHEAYE st PP S T
t}. Folding ¥$-& bit-parallel o}7181H & digit-
serial == bit-serial2, T+ digit-parallel &
bit-serial2 #3}3lic},

Look-Ahead & 7]"& sequential recursive
&g E8 concurrent YAEEo g B
pipelining ®=& parallel processingg 7}s3lE &
sl Wolt). o] WML recursive digital filter,

adaptive lattice digital filters, two-dimensional

L

A=X
°

fr ot

recursive digital filters, Viterbi decoders, 22l11
Huffman decoderd] Ag& oz ALso] g}
Filtere] difference equation® x(n)=ax(n-1)
+u(n)oz2 F&H3 pipeliningg o] &3l o]
A 2719 speedE F W2 F7IA7]7) YEiME
(n)=alax(n-2)+u(n-1)]+ u(n)2 FHE A
2HE AT

IV. #3&}& E8 Bus Activity Z=

F33E o] &8 [/0OA1d 297 335
£ folv A& d¥aE 239 2 At st
w2tA data @ address buse] worst case9} M
case transition® F43hs F33 dugEe
7hate]l @3ty Data bus R33slel & o=
bus-inverting schemeo] Ut} 1 gug=e F
7he]l A4H word pattern®] Hamming distance
£ vty busd] F7189Q line fUE F714 o
Z AREE

1) 9 &4 pattern’} e A9 Hamming
distance7} n/22th AAY ow
patterne I1thE A4= )

2) Y A patternd} }& A9l Hamming
distance’} n/28t} =W 1 pattern&
inversion o] AFHLt o] WHE o] &3}
H clock cycle®d transition®] 47} n/2&
2% & 4 g B oldl, B transition
9] == binomial distributionel] <3 el
9] 25%o]sl7} "ok

Address bus #&3l= AAHHE coder} 3 bit¥
Hsle Gray coded o] &38l=H 1 olf+= o=
EXZA|AY oalA A addresse memory
T A& o2 HAH wFolt} Gray code
& AHESt 37%9] AEzE avE BY 5 9l
o 2o 2% Gray 73377t Basdiths R
th. Bus A go] 0.5 pF o]l Aol off-
chip binary-to-Gray converter& o]&3}d
binary code Bt} ]2 power-efficientd} A2
A=

DSP ob7ldAE 19l sl=dlel 2479 &
e Bl WEE ANl Aot 9F #e
F 719 =8AA busE o] &3te] FAlo access
371 913l Harvard op7|E| 5 & Alg-shs A0
A8 A52E ZFole o angzo|dth 53] A4 W)
=g dHole bust FA7|qA 293 FE
Zole Ao} Fasith TS A1) AH9) AA
& ooz A|2da} Al1d AloolA] LAY s}
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+ Inter-signal AL ¢1A= bity} A
W PsA "ok o8 £9 (0101)e)4 (1010)
Z Hol¥ u Fod AF 4L (0000)9A
(11IDE Hold o] AR 25%5 F71350
2 "oz 3t wdels temporal® spatialdt
2-Dimensional encoding 7] o] 884 Hl

dlole] HEAl wlolH 48 stream& AFH3}
o 2914 % I (ALHE bity] HolF)E £
ol ¥agFo] o ozlo] AU oH 2-
Dimensional TSP (Traveling Salesman Problem)
02 BAE Ay gt HIetrh

V. exdlE HMEE S8 Y Y5

DSPe] VLSI 78 #41& 5 AA 71715
power-area-speed 32 ¢] VLSI A Al S 7181
t}. Implementation styles2+& bit-serial, bit-
parallel 28] 31 digit-serial architecturesso] %)
t}. DSP A|A"lo)A] Multimedia datad] EAlS
DBT(Dual Bit Type)®#2 &=}l &, lower
order bite datav} A=z EHoz A3 ARy
(correlation)& ZA zt1 9l&= ¥HA high order
bites Aad#A o] Zri(positive correlationo] 2
3 8. A&" 9] data sample?] binary ¥
& g2 hitvh 59 A& ¢ & Ao 2y
delta modulation & coding W& AL wj=
data gto] & oA & &42 WHalEz 434
#Ao] At} (negative correlationo] 2tz ). Bit
toggle frequencyZ plotald LSB HJ¥¢ A8:
maximum frequencyd ¥HO0.5)¢] Hz (d&=
to]e sampleo] totally uncorrelated® 7Z$-&
23bm, uniform white noiseg} i &) MSB (sig
bit)e] 7A-$E= negative correlation?] A$&=
maximum frequency(1)7} =i positive
correlation®] A% 07} ®©th Sign bite} white
noise 7-7tAbo] = grey Jolgta 3 frequency
7} 05904 +- 0.5 Ale]7t €t} Image datag]
LSBe & bitht oL B 294 538 3

=]

A Aot 2 2dL switch level simulator$} 8] m
dled 15%¢9] Aol Helth
Viterbi decoder(34 A9l Pathfinders}
BE& dlojee} 1gL Viterbi Decoder& o] &
3lod  decoding ¥ 2IT}), motion compensation,
2D-filtering, 18] 1 data transmission systemsd]]
A MY dA 7ol HA3] ez a9
AAZF video =& Image data compression HH
o DCT (Discrete Cosine Transformation)&
t&% pixel datag A43sl= thAl motion vector
p
o

O off w

rediction error7} 23 350 A4Fc) o] W
1S temporal/spatial redundancy® Zo]|x
macro-blockg F&H3IE bite] 71 20154 9
o} AlE A2 2EZ motion estimation 2E& A
Azl A Al2El9] 50%E AA| 3t %HE
R LS ERIEEY

High prediction A& %7] ¢34 motion
estimationd| A full search ¥H 3} 228 A AAl 7}
& Wol a7ste W& AMgsldol sh dga
271 wojuiA "o}, webi Motion estimationol)
A e (PSNR)E o7t #ade AL &=
Al pixel 7te] LSB truncation AMg-sted A=
g Fole Wyo] ARJMHNADS. Ay Ay
truncation bite] LSB truncation & AM-3PH H/
W zZ7)17F "ojx o dAgsto] asA € 2
W] truncation bit®] = 47471 AAsIIh
LSB truncation® E38F switching activity & 2¢!
o} 23& fixed bit truncation HHEE& AM-3F 2
B 70%] A8 5 2FHE HAGUL

7129 pulse code modulationg o] §-38te] At
Aol B doleE F33 81¥ redundancy
7b wol A Er). RedundancyE A7 shd
Adgzko] 743814 "l  Adaptive delta
modulationg ©]23}d redundancy& A|Ase=
Hgo] o) ofate] A bE YTt

DSP Al2gldA z5 AMg-EHE N-tab FIR
(Finite Impulse Response) filter= t}&-9
convolutiong 43 3lt}.

Z o o

==
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Yi= > GiXi (5)

0<ksN-1

714 G filter 357, X% Y= 8 948
% 29e won

Filter 292 Z}z}t¢] product terme —E{—z‘s}:ﬂ
#a% product term& T3 A 32| =)
HA 8. DF (Direct Form)o]gtn 3gtc}, DFe
£ 2 gE%g 23 2eEd
(Differences Methods)t®1e& 5 7j9] d&d A<
o] Aol ol gate FE Fo] AFEIL TA| A
AHgEO o BE AAAE Al (A%E
& HReEd Zele Aztel o ZY) AHA
convolutiong Atshedl ez sk AHE £
o= Ao|th

k¥id e gl Ao

%L“
b2 e

:.::‘

.

=]

Ck=Ck—1+51§-1/k (6)

AA7)A Slie 1st-order differences}ar @t}
2l (6)E o] &3te (5)4& T3

Yj+1 =Y, +CXnt+ {PS} —Cn1Xj-n+1,

(PS}="% 8b-1aXse M)
o2 #8% 4 Utk 5 lst-order DCME o] &
sl 28& Fale WELS WA ASEHA AE
Y & A3 (PS¢ HE F A9

product term& FA1 & o] & 3}, olufe] A4k
o]5& Z}O]Q(‘*‘EH el Ao gro 4&
uﬂ (& F& word-width) doj At} 7] 2(6)
& m-th order difference® T &H3I= 2oz dut
3 @ & 9low 1 o] g order7t ARTE
A Hojx = AHE o] &3te Aolth

DSP¢] Multi-rate 4A 714 & o]48 A¢ ¢
g dolH rated 1/Mij2 &4 AhE S0l
AFHE o] &8 o] [35]d A ALHAD
Polyphase implementation 2 pseudo circulant
matrix9 diagonalization/|§& ]34 Down
Sampling rateg 22 & A%9 dYirEe S

o Hoz FoixA drh.

EN2c, )&yl n~02p ()

o714 Po= l-rate DSP ol7|d A& A8 7
2.0]t}, Multirate o}7|H A= 50%9} slmglo &
FHHoz AHgslool g l-rate of7|€l
29%9] AEE AR

Adaptive filtering& filter¢] 4& A1 o]
Xm)={x(n), x(n—1),x(r—N+D}" ol
3, filter 455 W) ={w(n),w(n), -, wy
(n)*3 Z& 9 mean squared error(MSE) &
HAglele filter A vectorE F3le Aolth
MSE=J(n)=Ele*(n)], 9714 E[]& expect-
ation operator ¢] 2, e(n)=dmn)—W7(n—1)
X(m)olth. 1 A= stochastic gradient Wi &

Ag3 el A Fx A% 2ok

)
el

y(m)=w"(n—1)X )
Wn)=Wn—1)+uen)Xn) (9

A71M en)=dn)—yn), dn)= U=
signalol®  y(n)& filter &8 Alad, u+e
stepsizeE 3t} H}Q-F 7 stepsizeE o} 2
s 1 LMS @38)Z2 A4 71719l

N-tap adaptive fllteM]H o]® filter= power-
up == power-downg Al F ow Zhze]
filter tabo] th 8t control signal &E{0, 1},
i=1,,N& B9t}

A71N £,CrE oHIEA dldA d38r]eE
H47 ¥t B, bitd] 48T B bit A5 wiE &
&= B, X B.bit multiplierd] B3t Ag A2

ta=Billog|wi)] CoViuf. (10)

9} 7t} o7)A Cy= primitive block celle] A

£%o19 Bllog(lwd)]= T #4& F337] 4

& = Q3 primitive block celle] & @i},
o8 /9] tabo @ o]FojF FIR filter AAA]
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UnE)E L op|EA £ AAY A AE3 85
if @;=0 then the {" tap is powered down.
if @;=1 then the {** tap is powered up.
N M
PD= (1_;21 ai(;tiici) + TohCoh)dedfs
where M is number of hardware units in each tap
C; is the average switching capacitance for j* hardware unit
C.x Is the overhead capacitance not considered in C;s
ti; is the transition activity in the j* hardware unit in the 7" tap
T.» is the average transition activity
to minimize power dissipation, power down these taps which maximize the g}ltﬁcj
mean square error{MSE)
e(n)=dn)— :’Zla.-w,-x(n—i-%l)
Jain=05— g}laflw,-lzr(o) where ¢? is the power in the desired signal d(n)
r(0) is the power in the input signal x(n)
B multipliers] /A& &o]7] 948l time- Yi+1 Yi Yi—1 Recodeddigit OperationonX
multiplexed multiplierE& A}&-3it}, dA4d F 7 0 0 0 0 0X
o] f1 A== a‘* =2 9]
9 fiter H:TL;\]_J 3} 5‘.7}; :,\7];}];—01}11 0 0 1 +1 11X
a 7 EA
F ' «127““1 % ohd (hig o 1 o +1 X
correlated) fixed input multipliere} ®]aLd}ed H 0 . ) o Lo
235 AFL A}, [14]&  decimation
filterd] 4]  operation minimization, multiplier 1 0 0 2 -2
elimination and block deactivationg %3 AH 1 0 1 -1 -1X
5 718 A s, o0 -1 —X
Carry-lookahead adders, Wallace multipliers&= 1 1 1 0 0X

A o] AL ripple addery} carry save multiplier
Bt AA"EL  2=3ltd.  Booth encoded
multiplier= partial product+& Zo|7] 93}y st} P,
two’s complement operand (i.e.,multiplier)Z A}
&3t FP&EG WA P Multiplier
Y, multiplicand® Xz}i 38 recorded digit

Yi-i+Y:—2Yin (With Y-1=0)o|x
partial product selection& 23} 7t}

or o

(1493)
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Recoded digit Operation on X

0 Add 0 to the partial product
+1 Add X to the partial product

+2 Shift left X one position and add it to the partial product
-1 Add two’s complement of X to the partial product
-2 Take two’s complement of X and shift left one position

a1 dAe B3 2o

(=6) 1010 =X
(+6) 0110 =Y

operation
00001100 -2
110100 +2

bits recoded
100
011

11011100 =-36

AL A9 W2 bank 8% A€ W=
bank7} &4 A4 =Y u]ut T bankE activate
A 7)= Aojt}. Video vector encoderd] A vector
quantization’19] code-book ®|RgE Hasto
] 22| accessE Zolv o] A

VI M Z2AM

ARM(Advanced RISC Machine) o}7|8lx&=
UK, cambridge®] Advanced RISC machines Ltd.
o oJste] 7E 32 bit RISC microprocessoro]
th. Amuletle A4 mlojazz A4 ol7|el A
& Hg7188 A% O H%F7] ggolth HE
718 2% clock§lol ZFdy] Wi Hox
clockel oM ARHE AEE Y F U of
Ause] Melol Aggn EHPu ITRHQ
controlo] 7VsEm, FEAUY Aol 4B
Amuletl& ARM processorE WHa s dg 7=
& HHo= 3 uFy] 2ot} ERAAE F9
AMULET19] die &2 ARM62] 2ujo] 23l
o 4% %9 AH a&% ARM6o] tjxx] %3}
(}&E}[IS,H].

w2 AMULETe] 7129 ARM coreE tx)&t

I Ase BolAe XaAT AdY

240
2 modular 42 43} 1 B& 277} A

Zjzt 2o

Philips Researchdl A+ v]%7] 3|2 A4 A%
32 938l handshake circuitse] tf& VLSI-
programming, compilation & 7 &s¢ch 8%
71 Az 24& st E7HEQ 3 =2(% 5%)
& o]&3lod glitch-free ==z wW3lsP i,
fully asynchronous, 155k transistor DCC error
correctors] tjafed Hgste] B8z vnd
23 80%9 A8 2% a¥E XYt

Software pipelining"®& loop9 Instruction-
level §E8 2AEE Fe 7oy ¢ He o8
instruction® 48 (super-scalar processors)a}
Ay 7] instructiong A}g-8h= Z 2A)A(VLIW)
o AHgEo]l o 1 E¥E 718% Machine
resource® 3} sl loopd] 3 WHEFSH 75
3E B WEAZE FYse FYAUE E0]
= Aolth. 1 ¥AlE NP-hardz 48A glth
Software  pipelining™=  %&  “register
pressure”& F7MA Itk @0l Q). ghef 7hg
3} registerd] 47} HZ& b register variable
€ memoryZ XU AL, cyclerE EHo2H 2
HH oz 2 E AEHL asH do). 53 A
£ Fo|x] YOWA register pressureE 0|
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T ¥aggo| Fasit.

VLIW(Very Long Instruction Word) o}7]€l 4
T 1% npola2 I IAMZ | gol HAe =
BANE hAT Aoz Bt} High Level ¢
2 A4 horizontal microcode® compilingd}ed
el 70(537  bits wide in™) o
(instruction)dl| Al o2} 7he] Aite] HWHE( 13
operations/clock)2 F3€t}. VLIWS H#Ho
decoding fixed formatg o]&3}7] wl&d
super scalar®2t} g}, I8y I uAH Zole
VLIW W&ol operation?] ZAgd] Ao 927}
e w@do] Utk 2 JdE ol8d Ao
Intel P6o]t}. CISC W#Hoj7} Adtslo] WEa A
@t} b2 Intel ZEA|AQ NexGen 5868 ¢

Hzlo] x86 codeZ 1A Zo| RISC H#Hom H

sl -2 RISC coreE2 3 A|7ITh.

& Multithreaded ZAFE = Ho]H ¢|&A4

71Q18}= pipeline bubbleg A|Asl WE a3&
agaa] skl del e SR tasks(
Fol flows)E Z2AM|AMd] oJajA] FAld A
2k AAgo] oA g met AA o7|EA
&Ado] B g atA F9th Super-scalar o}7) €l
T 1 B34 g s xapy VLIW %
Multithreaded o}7|8l%7} 2 7434 w&d A4
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