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ABSTRACT

In this paper, we developed a low-area and low-cost SIMD MAC/MAS(Single Instruction Multiple Data
Multiply and ACcumulate/Multiply And Subtract) for multumedia that is used much m real hfe We compared
the result of this research with a previously developed more large and high performance SIMD MAC/MAS. This
paper 1s consist of 5 parts, which are an introduction, the contents of desigmng SIMD MAC/MAS hardware, a
special qualities for previous works, the result of synthesis and conclusion The design result reduced by size
32% of whole hardware than 64 bit SIMD MAC/MAS block of designed for high performance This improved
ISA (Instruction Set Archutecture) to be swmitable to embedded DSP(Digital Signal Processor), and shortened bit
range of 64-bit data to 32-bit and implement more optimally.
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o= AMkslr] 98l €e] MMX, SSE, SSE2 =
T AMDS] 3D Now?| 25 54% 3p=do 72
£ odnies zo] Tl A8 84S vl
A7l 9] SIMD(Smngle Instruction Multiple
Data)8] T&F AME3le WAzl 71 E3)
AREERE 92190 MAC(Multiply and  ACcumulate)
9] A% 64-bite] MACE ¢]83IUH, 2 ~ gulj7tA|
o) Aeids 7P it s o)#d 54
& gl =3 MIPSE Q75 ARk AFH
g0 AL o]of wE] F Wxy AL HA)
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H20le] 472 o8 AFS wn e mEnkdd]
4% ZTEAAM S8Eert ok ol Enkde]
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o] B4, Ads7|7 P =g mupde] )
W FA3 F9E) EiMe AdE Wwk ohy
gl, Ful 2 o8& HHFE] f8 AL =279
DUr|E a7y] Wil 2% f8ie A
wae A& a7k B =R HEHLe ¥
ofe] A £%F PAFEA AW, AHHY
722N gE HE 38 #4S Adge=s &
=do] AR EE4E =old 2ald 844 3
Fel== A% SIMD MACES:2] 44 ue-S
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O SIMD MAC

1. SIMD DSP

R K

E =RM T SIMD MAC EE2 o]zl
A= DA 64-bit SIMD DSP] AFzlel A3}
E 25 sgE SIMD DSPEEdA 71 #4)e)
HE B80.24 SIMD DSPoA¢] 714 sl4le] &
= g

12 DSP #A| =2 Hay

o] W4 s 32-bit SIMD DSP2] A3 H#
e Oed X id 2l EeA B ule) go)
F 3479 HEolE AYst=E LAY HG

121 SIMD MAC Zol
oldd] JEE 64-bat SIMD MACE HSoiE
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25 £ 4+ dgied 32-bit DSPolME MAC
9] 7% @A 32-bitTre] HEolE AdshA wHAsl
v} EkxyE o]H2) 64-bit SIMD MACHe] HlasS
sl =8-S 3o 8, 16, 32-bit SIMD H2HE A
P2 MACS $83t

# 1 SIMD DSP ®Wi#o]s} £3

CEE =

MIN signed number minimum
MAX signed number maximum
MULL signed multiply long
MULU unsigned multiply long
REV bit reverse

CNTS count leading sign bits

MAC signed multiply long & accumulate

MAS signed multiply long & subtract

EXTB 8bit sign extend
EXTS 16bit sign extend
EXTW sign extend
CLSB 8bit signed clamp
CLSS 16bit signed clamp
CLSW signed clamp
CLUB 8bit unsigned clamp
CLUS 16bit unsigned clamp
CLUW unsigned clamp

PKUB sighed 16bit pack to unsighed 8bit

PKUI16 |signed 32bit pack to unsigned 16bit

PKS8 signed 16bit pack to signed 8bit

PKS16 signed 32bit pack to signed 16bit

UPKUS unsigned 8bit unpack

UPKU16 unsigned 16bit unpack

UPKS8 signed 8bit unpack

UPKS16 signed 16bit unpack
CALDA | calculate xy memory next address
REVDA reverse Xy memory address
DLXY load xy memory

MACD multiply and accumulate
MASD multiply and subfract

DLDX | load register from DSP x memory

DLDY | load register from DSP y memory

DSTX store register from DSP x memory

DSTY store register from DSP y memory

$4g 713 © WHols MACDSE MASDE
A ojg2 ZZk MACDS, MACDIs, MACD,
MASDS, MASDI16, MASDEZ MEF=EA Foct
el 13904 Bl g ApAgE s Aol
o A2 8, 16, 32-bitd] MAC/MAS HHE =
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MACT} MAS(Multiply And Subtract) -
SIMD DSP A EZ<A 7P o] He B
oz g8 AZto] 74 At EF HEnv]o]
olee) Ql=d, TEH T Tl wlg- s
2ol Adle]7] wiEe] o {13l AAlH A A
7+ wol E3ou, A v sle B duE
& HEsly oy 7R TEE & Ry 2 F
d 7R AEAQ FERE oMt 4AE A H
SAck

MAC gk} MAS @abe] F2ke A (1, (2)3)
AL

dst+1:dst=src3 srcd+srel *sre2(MAC) (1

dst+1 dst=src3 src4-srcl*src2(MAS) 2

99 A @2 QAMEE, MACT MASY 3ol
© 32H|E ike] oE B, MPE Al T3
Ae 71 g8 MAC f4te] Hm, w=d
MAS date] Bl o m s Qited ois] o
72 whgol gtk olE MXX 3¢ A 2ES
olA] 1, SIMD MAC E79] delol dshaict

MXX 499 44 e oy =g #Ang
2z & AxEHdull custom) WY T =z
(ciremt) 7]&g AMESA @31 A®G= 4
(standard cell) 'H2]9] A dojMe= FE P
= EF(wallace tree)S ©]83 478 H2(modified
boothyHF2lo] Eo| so]ln Ydo] A5 A (redundant
binary number system}E |88 WA ol A
o2 e

ool wet & wReNE 3 Y duelF
& olg3e dolslaad 4, dolde 5, T
#lolEla(hybrid radix)! T g P w)
sl R, EEFE JAo)ApAAE o 8% FA4Y]
Btz A mgich

(1) 78 B s

F4 F2 daE|Edre Az A duyE
3 g A 9] kg melshe Ae] oim, H
olgl& 42] A 2 AZ, #olH: 89 F- 3 A
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r — e 3
M7 MB M M4 M3 M2 M1 MO O

J8 1 Helds 4 £ B GRS Y 5 2T

@) Yojo|FAH Lnalm
dojo)F AAlE dUubHe <] SD(Signed Di
gin?l 4 AAe L) 4 3y 2ol

digit-set&={-1,0,1} (3

o]zl 8D 2] 7Mhe thEe) A ()T 7ol g}
%q_[sl[lol

(%o, 5 %) £ (Yo, , Yo) = (Snr, , S0)
9A L 24w - XtV - 2o C)]

YA 2 FHEF s = u * oo
oE e 4 (57 o] AAREGM

lif (x, +y) = 1
G = Laf(x +ty) < -1 )]

Oif x+yp < 1

Gt o]z S = AAL A 414 A (5
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A AEEge] 10] Ha vz 4919 HE F5)
o] 1 B -1°] He Af, ASe] AFHe=w
Ag=s @] BASA =Hol, tlale] $3A)70]
Fob =M HE Sk Avsls i) dh)
ok o SRS W) A% w2l 1984
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1.32 Ho[El 4, 8, =& Ho[EA SH7|

(1) Zjol=l4 4/8 7|

Hojgx 4 B2 Qzge 7FsF 12e 2x,
X%, 0, x, 2x2] 5 7}A|gte] EAgL o] WY
AHE 7l 8] Y 7] Wit wi-
asA FEEE A4AE 97 itk 5 A
% 298] H7) obdd 1] HAE AN ool
€ 18 B9 Ae @8 xorAClETSE B
3t 7bsskan, ARlEEe] o] g7l wWEelth
a71A xorA0|EE ALl Baslehs WS o
9 1§ 204 BAFE3 Qi

operand(31] operand[i] operand[0]

fji” ‘Li[m BO]

} | !

1*'s-compl31] 1’s—complil 1*s—comp[0]

2| 2. XOR AC|ES o]4d 19 B 78

A, AREE FAE 29 B A0 wE
o, S M¥s= T 3 vEd 29 Hp
e A 1& U Folof gk olAe ALd
o] dgo] gl gL ENEdM HaiFA =
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2 gAsjor scp®

35-bit
e N

32-bit #8 =X

T 3, 526 BV FEFY 74

Jeu, old WAle ARSEA =W, &M A
g s=gol) Wl A=A Gk o)y we 3
Hily] S HE 8L Hasse duEZe
ol TR e B HYY F
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=golE olgsld TG Y soME S
A dolgx Yela ElE AP 2 olfe
4 Holdlx ¥u2 ETE Fojgx 49 dey
2 go] BT TFE|Q)y] wjRolct Il @ 9
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o] 0o] Eo] SIMD 94k 913 HEFo] A
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o HEsste] 98)s Efd AE] &L mode
oz Aashy, Zizke] dre FA72 FFAE
& Uk

Ozl 4, 4 delg da~ E

MASS 528 $skq ¥ =" HHE
vEEITh ® 49} 5 ©ed MACE S13 =9
ol MASE Hsixe Fo 2571 "aE s
W] 5o MACHIA2] a x b= a x (B)E S13A
sl Q=RS 95 9ok MASS] 1=9S §
e E 1, 29 91=mgdA xZ ALY ZE A
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d=e] A4S ¥ Jepth dlolgx 89 g4
7] F29] BHe ol 4ol e +3x8 EA
o itk 3x9] ASole FEF A4 A EFHeR
x + 2x2he Hsy] 4k daE 3] wioth
o] WFol|, 3x it A|do] B dF2 Eg
2 {lg=Ee 94 A xeEA gk wEA o]
3x Akl &3] dglelgd2 8 FArIel oA
o F03 98-S I 7 FAHE 2w, #H
g2 8o FAV REFE 57 £7) Wi ¥
gx B @A o5& HAY, H2 =r
7} AR 3xE $13 QA7 F71817] AE, B
o9 gFAlre Wiz =AM}l FE FX
Al ol5e] fiE ZoE YR

@ =g o=l E4P7|

4 #olHz A FATIe ol dud
uh glEo] #Fo|gs ge] BEF o uskd =7\
A, 3x ARAGA og BHE B} PEolth
3x AARA BAEE AGAZe 3x AAe] jle @l
ojgx 49] FAE FoFH FEFE FE 2ol
w3 sl=dold] olgEE SUETIE FxoIg”

E 1. Akt #elg 4 920 23

Multiply, MAC MAS
Yia Y 5= =
1 5 g =
Yiu | BEF A FEH B
000/111] 3400 | © all 1 1
{X[32] X = :

o01/010/' |0 |“IsIXIaOD| 1
011 {X[g}z:o], 0 ~(X[32:010} | 1
100 {)](532:0 1 (X[32:040) | ©

~{X[32], -

101/110) ol 1| (XEBAXE20D | 0

Y2EZE FAL 4719 Holg2 4 2
e} 9709 Foldx 8§ B2 Q=3H, F 13719
2 QFGE o] 8dl FEdS A4S 9
£ #eld2 471 1770, #leld2 8o] 1101 Al
Hls] F7HEo] serleldh. Al Ef] AAdA o]
He] =Elle golgx 49 @A77} 3 SARA
A vlgl, 2 SAR Fe)xn, 14Fe CLA(Carry
Look-ahead Adder)S AMEFIo 24|, HT} 2 A
T e 7HALA HA
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PJojelzife] o] Alel2dY Aubrt 93
oz adEE SAo] Hul2EdY TR B
e Ftsle dAEIL s Eg BEe] ¥
ozl £2 2% JFTER BAHJUE B, ey
2 48 1= 23L& a2 ARRE 4 gl 314
ok QlFHeN A= e ddolAY e A
GAAKHE Ael7) itk EZE ool F41719
AL dold4 8 odMe EF dF Ads
B3t REFS AN 4 Atk #Holgx 89
+3x2] APgAIZIeNY, Blolg 169 +3x, +5x,
+7x9] Aol Al Alzke] GAsHA Hith o]
= Ydold & AAE AEd dAupt §i7) WE
ojcy. wely Sh=dofA] HolA F&E WA gk
£ A%, wig 5359 AT 9oy =3
7} vl$ FEHeloN, & 728 whalo] A
X 32 counter® ©]E&3 HelEgY M5 F&
43S 7H Aoz udrt

I 2 AR Held4 8 1=y 23

Vis¥onY, Multiply, Mii MAS -
Y]._ H _E_ L el u ‘E" i
1 o nA 2EH uA
0000/1111|  35'b0 0 all 1 1
(X[321,X[32] ~{X[32],X[32
— X[32:01) i 1,X[32:01} !
{X[32],X[32: ~{X[32],X[32:
0011/0100 0l0) 0 0.0 1
0101/0110 3X 0 R 1
0111 [{X[32:01,0,0}| O |7{X[32:01,00} 1
1000 {X[S?‘O]’O’O 1| xBzo100r| o
1001/1010 ~3X 1 3xX 0
~{X[32] X[3 {X[321,X[32:0
1011/1100 20100 1 10 0
~{X[32],X[3 {X[32],X[32],
197AMe 21,X132:01} 1 X[32:0} d

L SIMD MAC S&
1. X2 42

(1) st=sllo] #|43
7)€ SIMD DSPE AHY T2 THs] 9
A HoF sl=dold FES I3 2718 A
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o 29I fU0) YA RE 7RE Bl Q
7 W] Bades HAY FI3ALH Aug
Sz olgdgm, B fUe) AA U= F
Aol BaG A% ol AA= ke FA= §
e FHA WA w19 S YHY
o, GAnver)® G oA & MUXE F3 7
@3 e BN APk XOR ACIES ol
gAe Aggem SEdeld 2718 Sk
EG o] 2o]x] @ RNUES Ak Ad

A o] W2 x5k kv A3 DSPE
A% 4] BYlE FgRoaH, FA =4
o9 AE 9 F stk oA YA} FEL

2 a7l Foz FHE 64¥]E MUSTANG29)
A 1A% 64HIE SIMD G3HE F3lEheE A
e, P 2 s=dels] Bi=r) *J‘%.’fﬂ
=9kA|nk ojHe] 32H)|E DSPOAE o33 ©
715& B3 AlA =g A stk :1?3
55 MUSTANG29] 3 Apdo|tk @A) 32-bit =
ZAME ook Aol &Al st A gtk

@ Aojgg olgst g 13

el I8k 28 f4e 98 58 84
3} Al Z(enable signal)s} &7 L& & FAE
(AND gate)E |83l A@Fe= Ailo] Jle
EE e dY Fe] 022 4FSA HA=7
2o, el o})(dynamic powen)E =Y
AEE A AT GrAQ] AHAEE 2HE 19
$(static power)@} voluid] FHHZ U= 5 Slth
o] W, ~H8 #H= FAY Mol e At
Aslg olgsld £Y 4 Yok AN, 2¥H=
A wele] §E o8 dAJNAM, $9 HWRle=s
2] FE2 AAHS 4§ FHelulEE ol&st
guiale] whisl sl=geld] F71E Eole WHe

12! 5. MUSTANG29] #lojobs Fr
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olg" 4 gloy, F= JiHe Wyeas 2HE
g Zo|7] JETL "M A= FACEE
ol g3l A && wje] YHFE 0082 1Y
AFez2y EZ(oggle)o] doiuA #A sk o
oY) HSlE E|=F HAS%ch

V. g4 23

B =Foa 4AE SIMD DSP #WE
Verilog-HDL (Verilog-Hardware Description
Language)® Ed# =k =EE A4 fule
RTL (Register Transfer Level)® AA|=%7] #E
of 4 % Ayl w$ APt o
Verilog-HDL Rdle ¢ Zgagow ¢ ¥gES
Agstm ol g AR HEHE AN F
A8 HEE Verilog-HDL 2®le] 715l de &
ol v} Verilog-XL toolS o|&3ld 7%
A5 9E” Verification® 3 ¥ Synopsys
design compiler® ©]-&38te] HdAA 035 W|=ZE
349 #FE 4 el (STD)E °l83td
FAEHE vize 5L SRAM Zo|E#EE At
43l FAsen, Wz B9 F4L Cubic
toolS o83t A ARE FRITh Elo|W AlE
ol 22 FAoz AR net B~ES} SDF
(Standard Delay Format) 3}d-& o]&3le] o] Fo
Zt}h Synopsys tools F3] ¥oJF STA (Static
Time Analysis)2FE Hot 54 =31 (3.0V, 850),
Ho} A (worst-case process)dAe] AANE
Ao Hd| &2 FRLE YA ET
Synopsys toolellAe WFe] F7F ACIE AR
HH==r 2-918 nand ACIEZL 4 79 ERAA
g 7AEe] glomg EdA~EH Jde U
Aoz F7t ACE Al 48 wId 7€ 571
itk @ak el AAARNe FHE FEE A
oz FEM3l3 7 71 AAAE Ze AE| A
25 FgeEn 4L 5 Utk oW ZF AEY
Ael(fan-in)/Mol-2(fan-out) EAIE EsfHok I+
ok BE E A2g geloly 7lEe] w2 JH=Y
we 523 £E de dilkde freElskAnt 24
Azt Bl Be HES S99 e ol
&o] gtk wEp AR DSP fUlH REATd
S FE|F Hgew #E A PHHom FH
Fe Zo] alggsick@ 9o ® 3& SIMD DSP
EE FoA 718 gie] He MACMAS E59
FAAnE  FAYS  64¥E  MUSTANG29|

=i

U
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MAC/MASS] AAAZre] 717 WE olf~= 3ol
6481 E MAC/MAS #HE& 5 71 32 E #HolY
2 4 MAC/MASE B % o]|& 3Alo]E¢ AAA
datg gAEl] Wtk

E 3 7 MAC/MAS §3¢ 4 43

Unit Delay (ns) Area
deld2 4 MAC/MAS 10.18 16,084
44 #o]d2 MAC/MAS 1043 14,096
Flelg2 8 MAC/MAS 10.61 13,571
2lodo)z Fo)gi
AL =R - 1%
MAC/MAS
64¥|E MUSTANG2
I 8.62 50,832
MAC/MAS

29 1§ 92 MUSTANG22] MAC/MAS®l|A
APl REFS s sk S B
otk HFTHOE $9 ® 49 &S Farsio
227} A% SIMD DSPS MAC/MAS H4&
7 #olHa dnElFs of&siy ZAAEHA =HAU
o}, W=7) Hellde Aol glold 4 A4t}
71 FJIAT, s=dele] =] "ol ge Aol
g H$7] W&ot thge ¥ 4= SIMD DSPE]
fd §ADE BAFED FHEANM &
%ol MXX f4lo]l #HA DSP 7|5 H4R FoA
80% S AAlEhe AR Ve,

AL HEE e PEESZHTE XSV
w2 F4ge] ¢ He XY memoryE F7IRHbA,
64¥]E SIMD DSP EE% 7|FoE wdg
%87 @ Aeg diEth 64vlEY] 14T
DSP ZEAMd] HEPH, A" 32829 SIMD

SIMD MACO
SIMD MACI

Stata 01
State 10 Sign extensioni], Xbfunsforied) » Yalsigned}

Xalsipned) « Yblunsigned) |

State 11 Sign extension]

SIMD MACO

128bit

12| 6. MUSTANG29] MAC/MAS $+4 dxels
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wEAdEs A4S #% AHE SIMD MAC/MAS £-8 44

DSPE ¢ R%ALRE ulL Fuh olfz oyt o4t
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