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On Designing 4-way Superscalar Digital Signal Processor Core
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2 o

HTO 0L & Y ES UFF 2D IHE 23 AMRER Uk o]EL DSP AR|(DSP task), A
o} =i(controller task), 18]35 EF AY(mixed task) o & & 4 3tk 7]Ee DSP ZZAAMEL o]E3 DSP
FPehE BEAHCT AHeSteH AAH U AojAdelvt &7 Aol dalMe AdE EEHom FEiA
F3he o] Utk B =fors 7]Ee] DSP Z2 MMz 7kA]e DSP A9dd didld n4d%5S adE fA
AA AR EAlelE 2 A%E MAE AR F2E Astn FEINcE Akd T2AA YSP-3
49 A {9 (F447, 2702 ALY, WiReE HS2 98 HEHE wXE F 4way ez gEHo) :le;-%
Abgste] 2t §49E AR AMEE £ URE Stk AgtE PR Ykl DSP duwlEI AC3 YR
dneEs dPsde Hded Bkl vix|ge g VHDLS %8 0.6 um-3ML %34 71e2 4% ¥ Com-
pass’gdoll A} 2ol H¥-g B3l 33MHze] Al4®] o] oig] ol AAAT AaejA] HAIZE B24g gAsHct

ABSTRACT

The recent audio CODEC(Coding/Decoding) algorithms are complex of several coding techniques, and can be di-
vided into DSP tasks, controller tasks and mixed tasks. The traditional DSP processor has been designed for fast
processing of DSP tasks only, but not for controller and mixed tasks. This paper presents a new architecture that
achieves high throughput on both controller and mixed tasks of such algorithms while maintaining high per-
formance for DSP tasks. The proposed processor, YSP-3, operates four algorithms while maintaining high performance
for DSP tasks. The proposed processor, YSP-3, operates functional units (Multiplier, two ALUs, Load/Store Unit)
in parallel via 4-issue super-scalar instruction structure. The performance evaluation of YSP-3 has been done
through the implementation of the several DSP algorithms and the part of the AC-3 decoding algorithms.
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LM =

dA vz /Y EEtew Ad® AC3[1S
MPEG-2[2]¢} & ove z¥ 4ndse w2 ¢
&€ 47 3 oy /A =9 e 2§
Alg-3tn Utk ol dnAEL AdTHdA 8T
sl date) £4os ofga o] BEY F gtk
U HEG@Bit Stream) &4, 3 Bz HF, oF
Alzglste] 24 53 Ze AoAYE £ ¢ Utk
TRz gely, PP FAS o H(Trans-
form)%2] DSP 3jje] qlch wixltez eS8 =
g2 o] vp) ZA A4l A7) QK Scalefactor)
2, HolE A2 B £F AL E F Utk

o]% DSP & dHlolel ojgolol disl F4 2
FAMAC)E WHEdte FHYPos 53] Wi o]
T3 Hojn Rz viE] AF=AUve 5L 71A
3 gtk <§ Bo] 128 ¥E FIR HEl9 A&
Aol e AVl AN 1287 U dole ¢}
12870 ¥E] Aol tisl 128¥2] MAC At ¥
Lig=d

$H Aojzd e YHAZE #Mtn AlxE] A
olg HaH o Alxg] xzie] FAE I
Aoz, Aige oy} zd wEn gE JAE
HtEAdo g fadict oju wHEg) XE] 23 ol
AA £3A e u AFHe 48 7R3
o} opxgtoz ER 2]je] 9= DSP AR A
olZjlel FAQN £A4& Adok F, Aile] Bix
9} =8 o] HAdA EHEH] Uk

2e & ¢xn2ES A7 E3Kprocessing load)
BN AHEAH, Aojagda Tl AW s}
F& At DSP Aol ubeixA| Ankg ARt
[3]. ol2% G FE Aoz FHI A7 Al
28§ A 7|Z9] DSP ZZAAME AlgEE
AL AR gt 7]&2] DSP Z2A A DSP
Qe anyoz AA, Aoy T #F
e Aol wl$ Hojxl7] wjfel|r). &9} DSP
e Y A3 danegel Hie] He
F4 ¥ g ez AN sl FA,
ALU, Shifter $& 2"z d@sd Apgstxn Uck
o] F& F& & W Alo|Fd el MACH}
7HediH mde] AMelzh shssith aeiud o]lEE
MAC o|9je} dle] dhallMe 28] 7HAle it
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FAEE HEHo2 43R EPTh F MAC o]
2]e] wW#HolE DSP Z2AAM7L 7RAle o2z o
AW1E IS AHEE £ A7) dEe] A& X
27} B7Hs st

z2gxe Mel&eg FIAF7] it Alxw]
& Eolv Y AIRY £ du JdF &Y,
20MHzo F&ehe ZR2AXE 40MHzo| FESIEE
she WHE Atk 2 ol HElde US E
F3o A Vles ew s oalge] ULt
LOoum FA oA AAbE 20MHz ZRAHME 6L
2 FupoA F3A1717] YA = 1.0um v]THe]
A7lgR vhEojol jt. wapr] LIS Fx
2 AeeyE 7= E FEA T e
L8 ¥olve 3lo] vy stk
7122 DSP T2AMe EARPE FxAoZ A
M7 el g Aol sdEoA SrH4)I51[6).
oy oleld AdFEL Aol AT EFELCA
L VREE MR, A8 (functional
unit)e] LTl A (flexibility)o] B EAYE
A3 A Utk B = e o] EAHE &
Z3l7] Y&l 9A 7)1E DSP T2 A7} A Ak
RS HER x| 3 F, digREHEEE wx|§
AN FRE 471, 2709) ALU, 10| Zt2} & i<
HHolg FAld Mstes 3ok gz mEe] A
o] oz FHE 2 HFS £ 2ol 1Y
HEolE M =s Ik orie] dolzeal o
Ho] Me& 3sted 1 BHo| Alo]E(instruction
cycle)ell 47§e] H@ol§ FAll FH=Z BUTE

o]yt FE2E o &3H Aol FAPY: EFF APl
& 4-o|9p(issue) RISC wlol=mz A Al Zo)
28] 7)&9) DSP ZzAMEch 2u) ol we
AUEeg A€ F Utk 3 DSP gl tHsiA
B AN A9E 98 Qible dger FF
gted MAC ditg Aej3tez 7|£9 DSPY #e
Aeg& 48 4 ok ofRA AAE 4-way T2
2} DSP X2 M1 & YSP-32} o] §A|t}.

ol#F FRo] EEA A VLIW(Very Long Instr-
uction Word) W&ol Tt2& Al&sle AL F& W
el 22y VLIWE 2o Zeolr} 4d3s] Zof
Ao, Al 8 slEd HEoir)t 4zt HA %3
W yrix] H#o] YL ALR3IX] RED2 ol
ol F&Aol W§ oty EAlMo] UTHTI8]
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/4-way ¥ 2Ze Oxg Alad Z2AM o] A7

e JS iRy S Bye] F3(Super-
scalar Instruction Structure)® & 4 Uth olm =¥
24w Byo] FxE Al $Y PYlE Ig
W olfrssue)#g ol a7sE @l vt =iy
AHd o WPojel £A4F viEl F3n XA
o)¢~a=2}24  FH(In-Order-Issue and In-Order-Com-
pletion) o2 o|FE BEF 3 ool T
ez vlaE g4 2o g FHo| 7hEsitHI).

II. #+ =

Hio] X By 2 3PAZ F8E £ gt
FEolE WRYZRE ¢ollw AF(FHA #HA
#3), "WHAE #Me AY(EH] t=d AF),
aen s FHold wet Fste AFHA I
Aol azleltt. o] ¥ Hyol A dAle eaA e
2 Zyslojo} v 2zt dAle HAG 1719 A2y
AtelE€ aTgch wEkA 7o} HEolg A dte
ol HF 3AtojEe] Ag®h

olw] z}zte] HH & AlFH o2 FH(Overlap)Al#
molzelel XHHH A £=§ P4 A F o
. AZtHe g FHEE GHE Ho)Zel dH(sta-
goel F2ed, e dde 2F #e FYPAE
NHA=E dAgc T SFEACMYT Be AL
& a3ty & dAeM e aUE e Aol W
olX|ng HlA&Ho|th & A TAA S0nsE 8
el 0aYg DAl 10nsTg 8Fgoh o
29 @& 40nsE BASHE Aotk

oleigt #HdM R, dAHonE Yol HA
o} H¥Ho] dagabyge vimy wWE At 3]
7FgstRlel, 71&e] DSPet 7ol oz A4l §ulo]
AEdz Adse Ade Ay wie el
o} ey MEelAM dud uieh o] BE At F
He HEz wixstd Moz gHfory 239
Hol7} Folal 3 AZlo] Fol=g AHE AW
. aElan g%y dzd #3e A$ FH2dd
HHo] F2E AR HE Al $YE Py
& Fehile 9ol olfi(lssue)dFo] aFHch o
HPE& FYste AHE A /o] 8k Al
I ZEF Ry AL AL AYEEe] shEE
2tk

B oM molZeg e ol IgHR

AU ol # dAE BF 1| Alxd] Alo)F
el FREEE it

(1) o] #X|(Pre-Fetch) GAl:471e] H&HIE o]
ERRE ¢ojrh

(2) W0l olsp/t] =Y (Issue-Decoding) THA|:¢]o
2 e HEolF FAldl 3 715E WHE F
gix o|E& &g

(3) A3 (Execute) DA:o|5rE HHolE Hydct

o|g 379 sto|Zelel YAE HEHor 9%
71 98l 4zte] dAE Y W #Hx #4
(PFU:Pre-Fetch Unit), o]4y/ti3y 8- (IDU:Issue-De-
coding Unit), 18] 43 -FYI(EU:Execution Unit)S
Sk z2eln AEEQ ozl &4E& gl 3t
He F2E ARSIt 2 19 YPS-39] HA +#
Z9} go|ZelQl FE el E 1] HHo
AEE YeRI

1. o A (Execution Unit)
& HEF uie} Po), HY FELS F4 FUMU
Multiplier Unit), ALU1, ALU2, 18|31 47)/»7) &
Y(LSU:Load/Store Unit)2] 470¢] |AAMSY-E Flc)
2% 2o A fe] F2E vehliich

1.1 &4 |43 ALUT

#4 #FRE 2709 16-bit YHE ol JFF F
32-bite] AAE A2} W A(result bus)ol] At

ALULS 40-bite] Al M4, ¥5 98, doigt A
# Fe] Aed4ta AND, OR, XOR, NOTS-2] =2
A ok olzg 1EAQ A4l ¢ld ALUIE
9 Y e daE FARch WA 40x16-bit WY
Y HZE|g WA Ate HAnEE FHE) R
Hilze WRd oid HJTEE §8dtd 16nE9
dYozRel ke MR A 1HEAA Hul 169
E)rge] HEE FE Bit-unpack A4S B
t}h o] date] Yo ofe orie I op
g} 2o & dnEL AHE HolHE ¥E
4 del2 ©EY] g, tagdAlde o] BEIE
43y ¢ HFe A vEE Fehlo] ¢o]
sto} 7] wEolt) utd o HAPE BEWUF REF
ALg3tA @3 AZEIRE olgthA W ¢lwdl
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n=0 n=1 a=2 n=3 n=4 n=§
€U =!|_=40 NI=(’:) Nl=20 NI=3 Ni=4
i L - EX
4 Inatr 10 tor MU | MU [ F 1 T T Ex 1
— : 2 2 | Ex 2
NI 1D tor ALU1 g ALUI i 3 3 :
— 1 T -y Register Pr—2 T ECT]
»@ } » ALU2 i F 5 A Ex 4|
Sl F 6 5 :
DeaN ey 1D for LSU | [EUR & F7 s : :
LBy —_— 7 5 TEx 5
3] DB [EXDE
Addr Data I I
PFU : Pref »_; IE{ of ;Jw FolRs T T
: Prefetch unit R ] =3 , F 911D 8TEXx ©
IDU : Issue and Decode Unit - INumbeviof I;sued |v,v — j PFIC T 1D § T Ex"G ]
EU - Execution Unit 10 : Instruction Decoder TET 70 | R0 ]
PEIY D17 Tx: T
{a) ¥H 7= (b) Stoliajel Ex
O 1. AATEe ge|Zal 7
E 1 HE AE
ool Fr 2ol e

AND dst, srcl, src2

srcl and src2 — des

UNPACK dst(A}4)

H|EY FIFO — dst

OR dst srcl src2

srcl or src2 — des

LDROM dst(Z24)

ROM(F42) — dst

NOT dst srcl src2

not src — des

LDRAM dst(Fa2)

RAM(Z4) — dst

ADD dst srcl src2

srcl + src2 > des

STORE src(F4

src — RAM(FEA)

SUB dst srcl src2

srcl - src2 — des

LOOP (F4

ABS dst src abs (src) — des CALL (F£4)
NEG dst src - (src) — des RTN
RND dst src round(src) — des JUMP (F4) (PR Yy

BRT (£30) (F4)

CMP srcl src2 set Status Flag if srcl > src2 (Z7ho] wroxi(ZEAY
BRN (£7)) ($24) Ee] BT
B oYm22.2 #E) |
MULT dst srcl src2 srel X src2 — dst BRD (Z23) (F4)
i MOVE dst src src — dst MOVEYV dst(16bit ) (16bit gh - » dst
Y SHIFT dst src(d+) shift(src) — dst NOP No Operation
Read Read Read Read Read Read Read AR read MR read
port 1 port 2 port3  port4 FIFQ port s port & port 7 ports  port8
ALUT - ALU2 LSU —4
- A0 ! 420 ko ! RoM
"16 ‘ﬂs 4'15 1 4 A RAM
Y 5
v .
Mul ALU Shift Unpack ALU MMU ALU
 §
32 40 {40 Me —40 ——
v
write port 1 write port 2 write port 3 write port 4 AR write port §
a3 2. AgFHe] WRTE
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WX/4-way F¥ 2Ze AY Ajo1d Z2AA o} AA

ok 4709] WHolrl a7t utelr e Yo HE
E dojol st 3 SEdME 1Ale]Ed H€ile
1E4 F dojEYd F e HEe BES o83
t o] ugHsi) o] g A8 HPE HLE
E Aojsy ¥ vEEE #Esr] 9% Unpack
ZEE FUCt

Unpack RE2 thg3 Zo] Faj. WA 48
WEFE o] 16k-bit Y& FIFOF Fol A3
Fer} 2% Unpack®d %S A3ad AY 2 ¢
Zg 16 EE Unpack REZ %ol2r}l ¢o]& 16
HEZ n (1<n<I16)H|ELHS 9Jojma} obd 4
9 nelEE Zel dx yxd HolFa, (16-n)7]9

£ HlEE t}A] unpack 2E9 WF #jxlAElel @
o} yeth ol¥d Az2ol m HEE glojeels Un-
packd#Ho] HHEA o] YAz Fol Q= g¢E
olgsf muIEE ZHzH o] HojFr:k U mo]
(16-mBET} AW A2 168 EE ] FIFORHE ¢
ojgtM BAE ¥EE MY mUEE HAawid 4
I Uz (32-n-m) BEE thA] iR A AE ©
olEerh

ulxjgte 2 ALULS 543 752 WH&H(Round)
datoltt, o] dAke RND m#old] M F3g
t} 328 E #A2E e 16w E YA 2o A3t
£ A9} o] EAx|(destination) #A|2E]e] HIE
Zo] Z¢(source) B|A|LE{S) HMER Hr} 22 B4
2R #HR2H ¥EZM 2zg ugHE Y%
t}. ol ¥&YL round-to-nearest-even HHH[10]&
Algstal, 1Y A5 ALVE JRE DSP Z2A
Ao} Hol @yl FE= QX}(precision emron)E F A
Aoz Haisl Al F Uth

T

1.2 H7I/220 A (Load/Store Unit)

g7/ fUALSe 2E oy wx: H
& gueich dolgl dizele R dzed 9y
fzelz FAgEo ok o]F iR dlojg] WEee
16-bit RAM3} ROM, 32-bite] RAM} ROMS| 4702
TAEo] dm, 9% dlelg] vRele 16-bit RAML
2 JAslo] gk DSP TaAME di#e] deojH
ojglolol e AE FPse FAL A S,
A 2B g dAiHthe dxeld o dale]
Fg ol&th wetd s1gd oW ¥ =(Overhead)Rlo]
i2a e 93 & 5 slojokdt mLe] Aert st

5tk o2 ¥ ol fE iE-Ee) DSP maAMe ¥
=9} dloe] vxL FA FYNE WA glo
o, U3t DSPEnEEE F8E £ URE AHY
(Linear), =¥ 2(Modulo) ol=g#4, B]Ez]vA(Bit-
Reverse) Z=5-S At} B =EdiA] dAE ¢
A27] fFRE olefjl AlRE UEIE=F i) F
A WAL AWE WAsd 3 734 (postmodify) 41
Y, 58, H[EgjH 2 oJmgA] R g 29§

1.3 ALU2

ALU2E= ALULF 9% 40-bit ALUE 723 9
o] k&) =edAe F3dch ofrld Wi b
ol E& ¥y 5% Jed Yd3sick g
DSP dmelEe] ¥ dolele} nlal XHH AFE
I FAY FAHMAC)E et olu 918 doE
£ RAMO AAFsta, AgEE nlel AFE golm
Z ROMo| A# Al#Fi=tk o4& Eo] FIRolY IIR
gelge] A2 MEYd ¥ vloJele RAMY] 2%
53, 98 Al$E ROMd Agdc) wadd MACH
A 2408 PYir| fldiAds RAMI ROME &
Al ¢l-& & dojob #h ey ¢l Ul
RE dojg] vezle oj=gx9 dolE #AE #
et AR 109 A3 HATkE 7R gleng
EA0 2708 ¢lol #ixjxE] Hde] AEE 4 gith
wetr B {9 AF W2E Aol sk,
°]& 98 ALU2E ALl RE dloje] W=y A
& Y727 fylo] @il

BE R HIE rlixrl fulol @dstAtl,
971227 fHe] dlole] RAMe] M8l #8 AF
£30|3 dlole] ROME X glojo} 3l 7 fol=
ALU27} 238t} olu] ALU2E A 2E 3oy
H#olz RE tole]l ROME ¢7|9§ F4E wol
227 ol dAFEC Y2 R g
ol to]e] ROME ¢lo] 2 A=E thr] ALU29
A 9AF3, ALU2E 2 @& ol A Wi A
£t 22la ROME ¢17] & F¥oj7t I o=
#| 4 (ndirect Addressing)& Al&3la] F4 HAE 8
FaH ALU2¢| WY ALUE AHS-3te 3 gict

BE A4 HU2 g MY 75 ol9dd HH
olZRE Folxg AFahd ulz Az o] Hoj
#R) 28 Ado AFE ¢+ & vlo|s) 2(By-Pass)”)
& FEHo2 stk
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1.4 AX|AE ntA(Register File)

A 2E T2 13719 FHE(16-bit) WL A
AE|(RO-R12), 4702} uiA) %(32-bit) A AE|(DWRO-
DWR3:Double Word Register), 4702] 40-bit F2H&-
& 2] 2~E](ACCO-ACC3:Accumulator), 4702} 14-bit F
2# A AE] (ARO-AR3:Address Register), ~12]3. 27}
o] 14-bit W7 YR AEI(MRO-MR1:Modify Register)
2 74

AT A 2B 209 Y E A LB R AME
g 4 QE2 A, 1719 32-bitgts HAsALE
20e] 16-biegky AFE & ok oA FxRE A}
£3lad AH Q= XEZ A A(Sub-Word Processing)©)
stk & 1709 diojelE B e dxa 7
of Ztzho] @A dlolEHE onldtxs aw B
2 WiRE Aeie] GAUI7L olEE BAl MEd
F Utk E=F o5 e BiaF L HREH
g & JderBz FFT9 @& BEAFE Alsle &8
o f&atd #&E + Utk

ozl HAALEIY ojed AW HALHE X
et gelzador mEe 33 s NFE
o= A #HA2El AHAHo e ol T VIR
2o ojmgla Wi AUk ¢zl ARE -
oz xel Fste w2 2L AR A
of g7 XAE A7 AA=EHS & oJ=ds #A
2B dEA #d vz Hog ohusid 3
2 Wxo WiBe ghe Hda(r] AFee ob¥-iE
Alx] eketh) 7Ald RS ojuga g olmda
A ~Eo HER Sk olF B F #A Y o
= &4 (Post-modify Indirect Addressing)& 53} %t

ojedl A A AEe AR LEE A Qg v
A R 2elE 470e] 7] XEQ 7] ¢ REE
7R3 ok dmdla HAlAE s 8749 ¢ EE
o S7le 2] XEE A e, ¥ A 4H
© 87lel ¢7] XES} 47fe] 2] XEE /R

Trd A4 fule] e} Yoz AFE #Ax
HEth B2 HEE 7Y Afde 53 #Yo] o
Fojatt < B ALULY 13 oz 16-bite] W&
YA 2B 7} A=A 40-bitz FE o] €k

t—

2. Hx| #X2 olfv/clnd FR
2.1 olx/o2d #4
FH e ZaAdAel vPg 2 |@de 8%l o

1414

Tige] fdvhe Mook wWHo] ol T2
W ovinele] AR ddd gl YE$E FHEF
Hdo] Y% Y(Instruction Window)joll FAJo 4l&)
& gio]E glohfie Fgielrh o] e Wy
A3 7t 2ol ZFE(Resource Conflict), H]o]E]<]
o]#4(Data Dependency)o] WAt E=71E  ZAVSI=
Helch vk of A& FYI] HalMe Be
A& WA Ay AIE @78k ojelge] gk
Hio] o]f Wjole &b o]xIn-Order Issue)
9} u]EabA o) 9+(Out-of-Order) 2] 27127} glc}. w4
A olqret ) wWEojrt g WHaolel FEon
oj&Ado] WA et 1 thg HEHE diEiMx
A zAMI 7P5g & B wEolg FEhy A
S et whebr] welo] Ay At wRele] AR
A "ee 5EAE JRn glow 14lo] o
P& F Ue HH@o] A olr&(Issue Rae)o] #
oAy AHE& sz gk 2y ang Bxsln
Ze 224 a7gth vl 53 olgre oW |
Hojg} thg WHo) Alojol] EEo} o)F:Ae] sh
gt EAS ojarE SRtk gk e &M
vzl e ¢l gUsich o] e olng
& wx)ut o] kg Abge] gleh
e eakE olgrut dltiete wWEHoEg Tz
#ovmefo] A7) Mol Hod Aol oletdd FE
ol ejEAo]l HAsl He# wHolE nE Ay
(re-arrange)sll ¥ o® M|EAA olfrgl FYG o|nE
& 7RAEH 4 gloh & vleabE ol 4ol
FIshz Wide] APde AAE Hapdeys) diAls)
L& gl A ojgputor: P AHEE d 4
Uy deluh g Wit ol BUE Myl Azl
& /AR dAE o A o]pRt o] Folzl
bl =24 #F#(In-Order Completion)7} &g}
o= Hobduiel £x1A ol WHE EF
w2k £8P AMERgouA nmwy sl
2L Adx &t
olftlZd Kyl PFQO-PFQ3e sl 2782
Hojrtk B AeE avshe A Ade 2E
(18 w9 2719 wWHloirt #4718 fF%e AP
o @A weolv) ol Widoie] Hel AIE AME
opyt Bk Z2¢l dlele] &AL W] FAld
8 753t WyolE Hepdul olyriEd A4
ar

FHolt elz4el shbekE WAsE uhz of

4 oo

rlo

3

t
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WX/ A-way $H 2@ cdg A2d TN 3o 47

Fstn a7R] oltd BEHOE ZF dAit e
Bedoy sAzie] Bty 1Y 1o oj9 ¥ W
o 3&E JERRACH

WHEols 25-bite 2 FAHM S/ e PR
th. MSBRE| (1) ¥o] 3= ¥=(Op-code field: S-bit),
2) EAA #AlAE ¥ =(Destination Register Field:
5-bit), (3) 2] ozl BT YZ(2-bi, 4) 2¥
A 29 #A A8 W=(2'nd Source Register Field:
5-bit), (5) 1A T AAE e FAhYRAE G
AR A A% HE(I'st Source Register Field/AR
and MR pair field;8-bit)2 ¢t}

YSP-3o A zlglol@ Aibviel ixEl§ rlald)e
dl, o] I= HEo 1 PHPoizh ol wHojo]
B ojd dAist vinelg AHEE AJAAE e
o 3dck wEbA ziele] FEL 5-bite] WY 3=
g=2 . doey f&Ae F ot A
ke HA2E ] dis) W @A P} o
A 9y Azl AgHE dXLEHE oY YR
B2 Alg3he Z S8 Lok ole 5-bite] B3
B 2El 9t & golol 39 13-bitd) 1A, 29
® 2 AL PEg Ao 9 i

2.2 HxRS(Pre-fetch Unit)

HAFRL Wi T2 71LEEPOE 7121
ol @A glojelol & WEoje) F4E AAH e
ot oz PCr} 7ieldle HMAIRE 4709 HHolg
glo} olfyuay fRoz Ads Frb olytad
FRL ol WHE WEY ol #AxEQ
PFQO-PFQ3l| A7g3tct. &xbAQl xaiAle] nHn] A}
o]gel PC gt thg 2o 28 Adojzlch

PC(0) = 0,
PC(n+1) = PC(n) + NI(n) A (M)

A714 NIm& ols7/t 2 fulolM Fole gt
o2 n YR Alo]EoAel ol WHo] Aolth
xz2afe]l 8% ¥Ase Wl CALL, RIN
(Return), JUMP, BR(Branch;conditional jump), Z28]3
LOOPSt & w¥oly ©@Eog o|fpgch 12lm
PCEE BHorl AFate ez dAsy, Ni(n)ye
47} €} olFe hA] EXHRA zlgho] o] FoixW
A (Dol wet PCghe] ¥ d .

z20y JHEEE URAYA HEA e HHYo,
ol& &9 CALL, RTN, LOOP, BR, JUMPE& W&
o2 olfEu, HA fUE X 2g, FI F1EH,
PC £8l% zlo] 7IA 1 Ay 2E AYES €4
3o Z2aW FEE Aojvich 22l st=delH
28 LOOP %€ AF3la ¥Ee oW = glo
Wedo] 73t wtE-g FyE 4 gl

yelZalel TaAME Z3 2790 BR(Branch)9
Hojol digid b & BEA¥E A3 ok mo)
Tl XM e WHIE gl glojstol F=r
231 #7] H8ele AfE 2 vhee Haos) ou
Rol slofatex] REr] wio] FolLelgl B o)
HA FE Fye gl ol & #ldslr] ¢8) o=
#7)(branch prediction)2}= W & Alg-3th & ¥
7t g AFEAE Z2ANEA S+ UE
2 o &dtd ZPAA molXLelle] 5EE FUA
714 R=E FAG vkl ol &o] sl &g
Bl #HAsla CaEF RAEE Haeln o] Ads
d "o & HaAs 2ol

YSP-3& AEidg 98 o8 371r) m=e] B
o &g Adgct £ AFE HAeg o &she BRT
(Branch-taken), £7|7} 4#@€ Hog o =31+ BRN
(Branch-not-taken), 1e]1l ¥7]9] AZ o} A
glo] ohg HHE FuUA Hr) 2e AAE
7Ictele A4 £71Q) BRD (Delayed- Branch)& =
gl BRTY BRN2 doFo] Aujaiy 14lo)Fe]
#|d(Latency)e] H448t=) ¢t BRD= #|<do] glch

n. & %

a9y 3o UE AF b)) f4Y AFE xn) 2E
FAE Y3l 28 AFE ym& AABR=  64-tap FIR
Filter ofj#]e] X2zl slo]Xelel $2g Jehy
Atk zpzte] ALl AUe ohE3 Fo] FAEL

(1) F4& #R2E ARO¥ d©lo]E] RAMO ZEE]
4 olel x(m)S ¢lo] RO AAstr) 98 ZAE
2 AMg3ta(Line 1), AR ¥®E A+ h(HE 9ol
Rlo] A487] 918 ¥EAE|2 AlggltHLine 2). 1
gl AR2E £F AE ymE 715387 9% XAEH
2 AbggitHLine 3)

(2) AROS} AR1& W7 #=lxEel¢l MROS e
o] 83l F&7HPost-Increment) HrThLine 5, 6, 9,
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1 movev ar(Q, *sample ; ar0= x{(n) ptr

2 movev arl, ‘coeff ; arl= h(i) ptr

3 movev ar2, *output ; ar2= y(k) ptr

4 movev mrQ, #1 ; mr0= post-increment
; value

5 ldram r0, (ar0, mr0) ; rO0= x(0)
6 ldrom r1, (arl, mr0) ; rl= h{(0)
7 movev accl, #0 ; clear accl

8 mult acc0, rd, ril

9 ldram r0, (ar0, mrQ)
10 ldrom rl1, (arl, mxQ)
11 movev cntr, #62

; acc0=x(0)*h(0)
; r0= x(1)

; rl= h(l)

; repeat 62 times
12 loop :end ; following 4 instr.
13 add accl, accl, accO ;

14 mult accO0, r0, rl ; accO = x{(n)*h(i)

15 1drom rl, (arl, mr0) ; rl = h{i++)
16 end:
17 ldram r0, (ar0, mr0} ; r0 = x(ns++}

18 add accl, accl, accl ; accl=accl+acc0(62)
1% mult accO0, r0, rl ; accO0=x(63)*h(63
20 add accl, accl, accO ; accl=accl+acc0O(63}

21 shift accl, accl, #8

; 40 bit -> 32 bit
22 rnd r0, accil ; round(32bit-»16bit
23 store r0, (ar2, mr0)

(a) 64-tap FIR Fliter 2213

; ylk++)=x0

accl = accl+accO(n)

; bit-width adjustment

------- Nis4 Niz3 Nimé Nizi Nisd Nizd oo

movev X
movev X
movev X
movev M
ldram F X

larom PF X
movev PF
] PF

mult
ldram
ldrom
movev . F

loop : . F EXi

gy [
7 | IE

adad

> > > >

mult
ldrom . .
ldram . : . P
add ! . :
mult
ldrom
ldram

>4 >4 >4 >g

mE—r

“of Oy "

E

(bj Ho[Zajel £

W S.

(BOlY BMEAE SAlO $HES ISR LIEH)

1% 3. 64-tap FIR Filtere] 2393} vto] Xl F2+

10, 15, 17, 23). LDRAM2 97|/27] FYolA] 38
5] 3(Line 5, 9, 17), LDROM-2 ALU24|4 3¢t
(Line 6, 10, 16).

3) 34 %4e RO9 RIS FF F 40-bit ACCO
o} A A}gtcHLine 8, 14, 19).

(4) ALUIZ ACCO$} ACCLE t&] ACCle) A%
gt & 3)lA 3% FAH P7 MAC (Multiply
and Accumnulate)@ A2 3 gHcLine 13, 18, 20).

olg} & Foj=eEl Xl Wyez 64l MAC
AL 67AIC|E ol FHY T}

VI. 85 W}
AAY YSP-3F= VHDLZ 7]%&3ld 0.6um-3ML
CMOS 7]&9 #& A(standard cel)2 FAI3ldr)

YSP-328] A Alc|E £+ 43,9933 Alo|Ecl1m 33
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MHzo| A F23-g A3t utebr] olfrgo] F
WA 47k HE 132MIPSe| AeE Holo, Hix
¢l 19] Hrjgl® 33MIPSE SEE 4 gtk

A%F BIHE S8} A YSP-39] Alo]E ¢e] A E
glolElE C QdojE o|83ta] 23T o Al EH
ole] & o]&3t] F 9] vtz DSP YmelEa
AC3 vy A3 & T2aQu3l & 2y &
st

WA AC3 s dxnFel uigh 2o d¥ 4
ZE ® 20 UeEhic: Ho uebd AAx|E 5.1
Y 449kbps AC-3 WEAEHe] 1Xy el tla] 4
33 Aot o|F HE L AC3 duE
F P 53 &% AYMixed Task) o2 FAE
Aoz & LA Yo thall HE 2.561 msoll 3t
FAl E3 A9 dEHQ < AEY HAE IS
2Ee b Oz e 3.327mso] FEch
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WX/4-way FH 2% dAE Aad 2244 3129 4A

o]} o] Ajo] AP} EFAPIM ndFE& Hol
€ A g AT vl o] 22 AY FU BE
o fAA4 & BAFEh

47}x1e] DSP ¥xjgel g HFe E 3o v
epfiict. Eel & 4 UR%e] DSP FAYAME F&
%€ Jehdch Radix-2 1024-point E4 ndFe
o] W3 complex valued FFT)3} A4 md Felo H
ZHreal valued FFT)& 2z} 1.094ms9} 657.2use} 4
FEcH11]. olnf zt FFT 33 $3A Zzte] vEE
glo] AAA] mih whgE Aate FAEAth

E 2. 449kbps AC-3 dmElEe] R¥H FYAL

AC-3 dxzl§ 8 At
Exponent Decoding 380.8 us
Bit Allocation Decoding 2561 ms
Mantissa Decoding 3.327 ms
Channel Decoupling 1429 us

E 3. 94 DSP ¢ E A 4%

dAg E A g3ge T8 At
100-tap FIR filter 3.303 us
Two 8 X8 matrix product 15.70 us
Radix-2 1024 point complex FFT 1.094 us
Radix-2 1024 point real FFT 657.2 us

V.3 B

¥ E=ZdMe DSP HA¥Ewr ofuel Alolzgia
5 ZAdd Mz 2 45 S JRE 4way
Hagel MM F2E Adstn T
Aote T2AME 4719 AARHEE HER wxF
T e} 4ol TXE =Yk YSP3e
Ztzte] A4 ARE SYHCE AMEInE dedt
Aoz FAHY Sl MY EFAYE 2
oz A £ Uk TH 4719 JAFUE mo|X
2ie! Fz AJA MAC d4He Ao Fyysinz
DSP 2QJoll= F& 45 & Eolrh

YSP-3E 447 @8 SlofA & {A4E A
8o g, PHolg FEoI &M URE uix
] T2y (YL i ojuy & Holz F
& A #3E + gtk Hw vl IY §§
et oz} Hejw|rjoje} B4l §BE-oleiM T ASIC
Al ALR-E] AREOR HrHHe2 F& AHFY

AMz"lE AdAsked Boldith. vixigtez nER
delBE 4= 37 fsl W Ai)e vESTE
Bgdhe Ay 229 4L Bol3tAl ¥ + 3l
=5 C ANy /MY 5% ¥ 47 FE=R 3
et
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