R DMA B * 2 sk e 2 33 L E

B Lbop >
BB’\’"K\"

A Cost-Effective Speech Processor Design and

Implementation Using Smart DMA



FEADNAR* T AE w2 353 2R & F R
A Cost-Effective Speech Processor Design and

Implementation Using Smart DMA

e ) 4~ Student: Chun-Ku Liao

iR R R Advisor: Chin-Teng Lin

A Thesis
Submitted to Institute of Electrical and Control Engineering
College of Electrical Engineering and Computer Science
National Chiao Tung University
in partial Fulfillment of the Requirements
for the Degree of
Master
in

Electrical and Control Engineering

July 2006
Hsinchu, Taiwan, Republic of China

PR LT RS



FEADAR? ¥ 3 A 5 237

> 1
‘2

m‘:v

@-ﬁaaa 3

%
-y

N dh g R # 2

BEFASPUEFR I ASHD G R
T &

BRI R R ARG R deir A A2 ni LB RE R ARAL e PP LB
16-bit DSP cha B g~ F 0t » K3 AL 55 %1

PRI ASKER - B

G o AL - B AR A K AR A B A E A DIA

S (et f B E DN 0 i R BN HE R TR v & B 5 DSPiE
ERE BFad g NEJLEAE &L RISC/DSP ¥ %@ pg2 B - I 444t

FUNFEZ e AW E BIP B adB Bt R o 2 EHDRRG

WH P AL EE F R A e s AIE B A 3 4 ST el

T P AR R 8 B kil 0 e B 2 VR b R A e B

A L7 g

ﬂH

FRGOF I E o FU S RN WP - B AT

Sehmidkae R RV E A KRS AN

(DA r ML 3E#F 2 > 4B 1 eh

MR (Dw 58 E ¥ MR £ B3 E 52 (throughput) 5 () * M= &

SRR EEARFEAUDMAE Y o 2 ] R R TR RS E

i (4)?:!1%%& FHEK TR RE

<
Rl

[PF E4F ¥ the fo A2
B — BB Ak o 3 E Hoo o RISC/DSP B Proc AJE R o gt & ¥

2]}

* UMC 0. 18 um Az > & % & 4.4 3.5x3.5 mm’ » ¢ & & 3% (747 & & 100MHz °



A Cost-Effective Speech Processor Design

and Implementation Using Smart DMA

Student: Chun-Ku Liao Advisor: Chin-Teng Lin
Department of Electrical and Control Engineering

National Chiao-Tung University

Abstract

Recently the rapid growth of embedded system and consumer electronics
has resulted in the decreasing product life cycle; the demand of efficiency, however,
kept increasing. Therefore, how to balance the .efforts spent between cost and
efficiency became an urgent issue. In the present time, the 16-bit fixed-point DSP has
achieved more than 70 percent of that of total DSP; hence low cost has turned into a
key target of consumer electronics. This study presents a solution to look after both
cost and efficiency. On the developed smart DMA(DMA with MAC), this thesis
improves addressing mode and data path ,and promotes smart DMA to a DSP unit ,
then integrated it with developed general purpose embedded processor. This can
achieve a unit-core processor with paralleled structure of RISC and DSP. In addition,
this thesis presents hardware accelerator IP in accordance to a certain algorithm to
expand the applied scope of the processor. The benefit of this structure is that
unit-core processor possessed properties of low cost and one memory system with one
set of developer, compared to dual-core one, the unit-core processor is less
complicated in system. To improve the computing efficiency of unit-core processor,

different algorithm can be collocated different hardware accelerator. Moreover, in



order to accelerate the algorithm of the speech compression, this thesis designed a unit
of vector quantization which can process multistage codebook, specifically. The main
features of this design are: (1)added M-L search methods to improve the accuracy of
quantization; (2)Four-stage computing pipeline to raise throughput; (3)with the
consideration of low cost, shared computing unit with smart DMA, and took
advantage of memory to register quantification data to decrease the use of register;
and (4)capability to set environment of quantification with parameters of user to
conform to the demand of reusable of IP. In this thesis, we presented a speech
RISC/DSP unit-core processor, which balanced the efforts spent between cost and
efficiency. The chip has been integrated in the total area of 3.5x3.5mm? by using
UMC 0.18 1z m CMOS technology. The maximum clock frequency is 100MHz with a

single 1.8V supply.
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Method C.L. Wang C.Y. Lee Zunino Proposed
[12] [13] [14]
Architecture | Systolic Parallel HW | Parallel HW | 4-Pipeline
compute compute Design
Distance MAE MSE MAE WMSE
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VQ Type Full Search FiniteState | Hierarchical |MultiStage
VQ with | VQ VQ with M-L
MultiPath Search
Search
Hardware 16 | 4 1
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DMA P2 edple cnid 41 B PR BRI BR 77 LET
Zood R R BERATRAEFTF FE T H A Bl E
B o I Al BAHACH 2-3 47 0 - EHEAIE B A Bieg e
® (FIFO) #re= > F B+ B * 7 'Lk & (Finite State Machine, FSM)

PR 2ETEHFEN LTSRS TR RBEHEAR N (T o

~ 3
-~
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Channel Controller

APB Bus ! [~ ' ) —_— ( ") ! APB Bus
I Vrite R R Read I
I «— FIFO e I
Controller Controller
Data Bus | \_ ) — \ ) 1 Data Bus
o S I
\ 4 \ 4
[ Register Bank ]

Bl 2-3 ¢ i i £ B % L
2.3.2 %5 ® % (Register Bank)

A& DMA P 3%4F + - e 32-bit ¥ B o @ o R HATE D DMA AR S

- 22 16x16 ez iR o b R SN IN G Beent N e Rl AR e o TR T e R AP it

)

paa)
=
o

(Memory-maping) 1™ ;N L o m= BRTE Ben¥ 2 0 ¢ AT - §H8
FHEADMA &3 B leaig B/ » FEARYR 2-4(a)(b) > #7F gf /B & iFd
pEE% v S i o fe & CEN 25 (Low-active) > § WEN=1 pFd & @ ehizpt B0 87

w R sy WEN=0 p% - d 75 By~ B8 ~dp T ER

__ H

CLK ___: | |
CEN X QOO0 QURXRXXX) QUOOUOOXKXX

WEN  X) OXOXOXOXOXOXOXOXOXOXXOXOXOXOXOXOXOXOXOXO KXXKXXXXKX
ADDR 1 OXOXOXOXOXOXOXOX%XXOXOXOXOXOXOXOX%XOOXOXOXOXOXOXOXOXOXOX

g_i_,

RegOut P X1 X 2

B 2-4(a) : A3 DNA %755 B je e B~ 5 ]
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CLK

CEN

WEN

ADDR

Regin

Processor

|

D\ ARRXXXRRRY R | AXRRRI

i I
><] ><]

O\ AR | AXKRRIRS

OXOXOXOXOXOXOXOXOXOX10101010101010101010OXOXOXOXOXOXOXOXOXO

I

><]

10OXOXOXOXOXOXOXOXOK10101010101010101010OXOXOXOXOXOXOXOXOXO

B 2-4(b) : A EA] DMA % % B wnf ~ pEA Fl

5w SRR 25 T 0 L8 AST B A LG B e S

o A LR RTE LY E  RE N BRE A £ [P

Register

= — S8 sl el 1

' Source <

I 1

[ Destination < (

! Contiocotion 1t T Channel Controller 0

| onriguration < 7 L

: Control <

{ Source ;1

| Destination :: (

: Configuration k! >erhannel Controller 1
|

: Control <
i —

1 Status <

I >

i [ DSPRegOut < ALU

—

| | DSPRegIn :

1 IpRegln ; >

L __________ I [Ps

—
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2.3.3 AR F B (Prioritizing Arbiter)

BN E | B A fE%in (Data Bus and Peripheral Bus) > % I ¥
CRSE SR S SR Tl AR R B PR 0 AR A
SVIE R oo 4o B 2-6 #7om 0 @ 2 E 4 % Channel Controller 0 ~ Channel
Controller 1 2 Channel Controller 0 crig-L{Edig o Fot > § I PFE~* 4p
o n g an AL pE > W E & i & o7 Channel Controller 1 £ #i% » &
BAERE N FHFFBITERE > £ B4 2R % Channel

Controller 1 -

Periphera rP--_ - - - Peripheral
1 N\
Bus B R o R Bus
«— | i"| Channel Controller 0 [ 1 le—
» i'\ )‘: >
I N
Data 1 N « 1 Data
Bus| | | '"| Channel Controller 1 [ C | |Bus
- Lad ‘I Lad
<“—> : : S ) : —>
—— —— s EEEE - - — - ! —>
| |
T I I T
I _____ . . . . A I
3 Prioritizing Arbiter !

B 2-6: %A E (Prioritizing Arbiter) ##]7 i
2.3.4 ¢ %A&32 (Interrupt)

Ty B e #73 ® (Configuration Register) > ¥ 3k # ¥ %73kt
(Interrupt Enable) e % ® ¥Rkt K i » PUFH BN G HF L H ~ 1 17
B dT o B oo e W Y MR AR TP AL ¢ MRS
Low-Active r ¥ #Fas - BRE e H -d FHH Biel prd 8 § iy 44y
JE> FRNFTR B P U BE N R TR KRB EEY o e

B 2-7 57 o
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—E [Ps: Butterfly MSVQ
A
Status RegisteJ Interrupt \\
Interrupt0 Control ler Channel Controller 0
Interrupt Channel Controller 1
Interruptl Controller [
v
F N
—E ALU: DIV Shifter Mul

2.3.5 E#i# 5 B4EE = (ALD)

Y

A
[ES|

e
et

|

I
j‘m’ v

3 DSPeru@ & ac 4 > A DMA p 22 & B8 5 BB H ~ (ALD) -
v 8 e B ALU 1% W] ST 2 A DA A B e DR E & L T AT E R S
Bdp £ EWeHEL > Ao RWEREFF M £ AL 2 7T e sig B
(4-stage DIV) ~ .25 # = B (Barrel Shifter) 2 3 4c B 22 3k ;2 B (MAC and
Multiplier)ek:te T m AL ALUA & BEH H ~ > &7 438 5 ¢ s7dFehd 4 o

ALU#2% A2 B 2 — B R B adifd Bv LBHFEERY - X
P AN PTREADT 0 A F EIL L fERTRE Y o 4oFl 2-8 1T o ek 3D
S BpPE R R 2 ~ 2 32-bit REPWEAZR I BRZNEY 0@

A REREET LGRELER
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DMAALU

32-bit Multiplier
Complex Multiplier

WMSE Path

Butterfly Path

B 2-8: 3% Benig * {35

TR G ke B0 Y e £ B 6 RIINTRB R T AL

S e = UBLATE o K2 B 5 16x16 bits c7F $idc (Signed) it %% F -

$i 01 5 32-bit e Bidice B4 BRA L 40-bit > MEEIR e @AY 7§ FIE

EEREEHEFFECFIOBFEH BB ER o LA N v
LR o B 2-9 47 ALU AT & B8 B H < o

4-STAGE

B 2-9:ALU ¥ ~
2.3.6 5w EEi“H < (Multi-stage Vector Quantization)
AL DA fie & P2 eh ALY %351 A BT Sl L S e BRI

BB F T o 5w £ 8 3 A (Multi-stage Vector Quantization)

TR R E S RRBE AL ST R YRR R A

15



£ & R £ 81 Ssg o
Sae BRI E AP L - BrahEL iR FRELL D ER
(Weighted Distortion Measure) g & »i& & @ @& * 3] ALU 4213 3f 16x16 bits
1% 5.8 (Signed ) P-i# 32 B> F M+ L (Weight)¥2 T = (Square) 58 & »
5 o

Botsd — A0-bit PB4 E - E4F HARGH USRS R B

o
ﬂ\i—

(Register Bank) ~ +* # % (Comparator) ~# & %  ~ (Write Table)~ & i# M_Path

fiz 1 H ~ (Select M_Path) » &2 n4242+4] ¥ ~ (Address Generator Unit) o /4%

~E

PAE A A e n e B (HBE) R p e B (B L )T
B B AGE Y BAACLER G B 210 3 5 s B R EE § A

ALU # * 25 o

External RamA

Ram ALU (Table)

(Codebook) 16x16 Multiplier X 2

MSVQ 8 & ¢ 4t

Bl 2-10: F X ¢ sz ALU @& * 5
2.3.7 wpigiF & ¥ = (Butterfly Unit)
¥ —BAEA DMA ehFALiE B e T 5 b ifiF B B < (Butterfly Unit) o &
YiE B H A BN P 4F = E 4% (Fast Fourier Theorem) ® - 2129 %45 g
BB E o e F S F P DI R AT B S HEE (i o
B UE A enprs LAg ek o f17 AL mena ik BT L A4 B

ST RAEE b0 BRSNS T R KX AT RRE
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e Scaling =45 & > F s T 4L ?vl?]mf’; Ao ?iﬁ;gﬁmm@]»d G TN

BRI AE R PRI A B B TR ST B S A B 5 s

Bl FEE RGO B e R AR BT — s B K SR
TR o B 2-11 Zipifif B H A B B enipid o
RamA f RamB
am ar
| Butterfly
B~ TR #r % Sine
Unit 2 (Cosine
% #ic

ALU

Multiplier Multiplier

SHIFTER

Bl 2-11  dpipid 5 8 =~ 20 % 18 chifad
2.3.8 g # E (Memory Mux)
FEADMA B &L 35 B 2KB (512x32-bit) shE B F# FH ol » & &
7 iE H00MHz > = Biclgtl ¢ 7 9 L i=h i 32 Ti;l«?ﬂ‘ﬂii%] %/ﬂi%] AR B
FIR o e e g p %"‘éﬂ%%ﬁ?ﬂﬁ@ﬁ@%% Ao 2-120 Rt FE /B ~

BEAPR R AR o oM S 1 B FAE G Bk 2 8 1 Tt

FEAE G BR RS WG KA P AR DIA S T ABKES A L e
eRME R TR B SR BRLE R A A2 DA
BT A B E R A Y BRSSP kR o 4o W 2-12 s o
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Peripheral
Bus

P IR

<>
<

Data

Bus

<
p—

c.----- ! Peripheral
| ( \ |

ol DL » Bus

. | Channel Controller 0 | —>

N AE

L JRE e

e AN B

.l’ € - Data

'"| Channel Controller 1 [ Bus

s CITH TR >

Memory Interface

o ],./J

ALU

AR

( >
Ram B ]:::;\\\\\\

Memory Mux

B 2-12 1 i MAER BT £ 0 5

FEYBOXEL(R2.28) EHL 3P hicil o 7Y

R A e 2 ER LR 2-13()(b)E R o

CLK

CEN

WEN

Al]

Bl 2-13(a) : =1t > 5 B
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CLK -

CEN

WEN

All]

D[]

‘ AAIAA
Q] \—"]( a H)k =

Bl 2-13(b) : =R B I pF A B

2.3.9 % :fwiig (APB - Advanced Peripheral Bus)

APB = in 5 ARM 9 AMBA (Advanced Microcontroller Bus Architecture)
[1T] 24T ch— 304 » B L dred G MBAcR 2-14 #77 » X F HE B 4 #
FeF R LEBY AFAE RS MR EESE cp2- 23R40 IC
Sound Bus (I°S)~ g2 #h3mze gl i G » g A4~ w % % » ¥ L5 & APB

B TP > a0 AR E Haff ' T -

Select PSELX
Strobe PENABLE
Address
control PWRITE slave
Reset PRESETn __|
Clock PCLK
Write data PWDATA PRDATA > Read data

Bl 2-14 - APB i Iz i v

APB ® /i R pF R 4@ 2-15 0 - %ﬁ?ﬂ‘ﬂ@,ﬁ%}%lﬁ: BRI W ERAIRE

Fe X 4% APB ®UREE A G LR
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T T2 T3 T4 T5 T T2 T3 T4 T5

PCLK I | | el enlE
PADDR 0 el PADDR 5 Alidr 1
PWRITE i PWRITE |
PSEL f 0 PSEL {7 | |
PENABLE S PENABLE T
PWDATA X Data 1 X PRDATA i J Data 1 Y

Write transfer Read transfer

B 2-15(a) : APB it 8 » A B B 2-15(b) : APB % ii 3 BopF & [

2.4 FEADMA £-41 %5 B

AT E A DNA B s doi o F L R R R A Bod S B
AEEFN > T AR A BEEN LG EOS HR S
2.4.1 *m¥5 %E (Source Register)

KT BRI 5 32-bit WA ER B 16bit 7 F BT E - T &R T
KRG RE B EEATFY  CRRERETFF BIF - mna e o Rk
Wi EY R L6 =~ Rk - K16 =~ | e o 4ok 2-2-

% 2-2 1 Xh#% s ® (Source Register)

Bits High Source Register

15 Source Circular 0:circular / 1l:mirror

14:7 | Source Base R (R ) adk

6:0 Source Offset WAL B

Bits Low Source Register

15 Source Device Xik#EE 0:Ram A / 1:Ram B
14:0 | Source Address Kb

20



2.4.2 p 03 ® (Destination Register)

RESNE KRG EAF o Pl EY A PP R o Bl i
BR A RN TENE P Ph fEF TR N s ko E
S

(>

E Z G 2-3 T o

% 2-3: P %3 % (Destination Register)
Bits High Destination Register
15 Destination Circular O:circular / l:mirror
14:7 | Destination Base R (R RR ) ardk
6:0 Destination Offset VAT hn i B
Bits Low Destination Register
15 Destination Device Pz ® 0:Ram A / 1:Ram B
14:0 | Destination Address 2 e Rhadt 12

2.4.3 ¥##41% 3 % (Control Register)

PG BHALA B 6Dt PHEBAE TR RERILAT R A
EERET QBT EEEEFT OB NEP AR - HYEEPF 16

*

R L KRR/ P RS > 116 5 DMA R > Aok 2-4 -
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% 2-4 ¥ 4% 5 £ (Control Register)

Bits Source/Destination Region Register

15:8 | Source Region NI R S

7:0 Destination Region B B o)

Bits Control Register

15 Source Increase % i ok VR

14 Source Decrease %R ok YRR

13 Destination Increase| B iz st L3

12 Destination Decrease| B cizut iR

11 Source Width %% & (Reserved) Default =32 bit

10 Destination Width p i 2 (Reserved) Default =32 bit

9:0 Transfer Size B g 7R

2.4.4 pe % #7753 £ (Configuration Register)

|

N

FeB s B 5 - 2 16-bit PF B R PREXTAREGTE
i P %

EEREF o R4 g',%\;;?ﬂ,f (High-Active) ¢ 3k s -

-

TR R
Low:; s 3t is » & @B RIL > p &P - 4% 2-5- 2 ¢ Function %
TIFE ] DMA 38 B 2% 50 0 K TACT

B 001:MAC: i if 4 4e st o

B (010:Shifter @ & =# 5% o

4\

3:_;\ o

IR
-t

W OI1:DIV: % =g iz
B 100:FFT : dopipesd 5 B ~ 5% -

B [01:32-bit Multiplier : 32 ==~ 3k ix 5% -

22



% 2-5: pe ¥ %5 £ (Configuration Register)

Bits [Configuration Register

15 Halt 5 i

14 Interrupt Enable ¢ TR A

13:11 | Source Peripheral kihE i (R @%ﬁs—“ﬂ* %)
10:8 [ Destination Peripheral | P &% i (Zofh4l @ﬂi%] o3 P AT )
7:6 Transfer Type @ﬁ%ﬁs‘?i‘

5 Sequence Transfer SRR

4:2 Function PR R

1 ACC Clear B By %’-f

0 Channel Enable i 3f 3R Ay
2.4.5 ;45 E (Status Register)

BTG EH L - w 16-bit Wi g Pl E

FEmG

@i 1 MR A 0o bk 2-6 0

¢ 3 B eahF o

% 2-6 1 k%% ® (Status Register)

Bits | Status Register [15:8] Channel 1 / [7:0] for Channel 0
i Interrupt L

6 FIFO Full DMA FIFO Foiik i @ %

5} FIFO Empty DMA FIFO p & Fofd

4 FIFO Half DMA FIFO 3k fs @ i X #c

3 Channel Select Channel #4:E#% &1 FH50

2:0 Error Bkl (FHBEegd)

23




2.4.6 ﬁ%l 11853 ® (Output Register)

FEA] DMA 420 [P 4o MSVQ E ~ 2 2 ALU 8 ~422- % {8 mﬁiﬂ '3 RF 3% e
ﬁﬁjﬂ’.%‘rﬁ;‘.ﬁ" e RSl TRt SRR 2 %J LT - 2 32-bit7HB
FAvE o @i 16-bit B~ 001 32-bit 3 BLEGE o p 385 40-bit el F
Yo 2-T #75F o

% 2-T: ﬁ%l N #5% £ (Output Register)

31:0 | DSPRegOut SDMA ﬁs?] il

2.4.6 # it %3 % (Function Register)

¥ EA DMA & 17 MSVQ 8 ~ 38 5p s #8705 B 5K izﬁﬂ:ﬁvﬁﬁ NERS R
7| DMA & {7 Butterfly ¥ ~3F 5 pF o #0855 F 5 ot
PR o drdk 2-8 5T o

# 2-8: # %3 E (Function Register)

Bits | Function Register

15:0 | DSPInl
15:0 | DSPIn2 DSPInl ALU
15:0 | IPInl DSPIn2 Jps L giiReg
15:0 | IPIn2 [PIn
[PIn2

2.4.7 FEA DMA & * jnfz

EA] DMA 7% 25 N 4B 2-16 0 HkREH B P ol E G
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xZ 4?b%?§$&{l#’ﬁ°ﬂ%?$\/‘}§§& R T R R o P
TARSTH @ 30T B R 2 1S A DNA RS2 (FRFR R o AR LY
GEE LGS ERETT R TP FE AR AT FERT ARG H BR L
I

( Start > <I nterrupt Occurred)

A 4

»
»

Setting Register v
Source Register [ Finish the Job ]

Destination Register
Control Register

A 4

Channel Enable

Configuration Register

Interrupt
Occurred?

Do other thing

B 2-16 - A7 E 3] DMA i * Az

25



AE AL DMA B E B DMAAR R engh d > U % P Fehl E B BYEE A
(ALD) - #57 & 8 @ B R B0 & TR IS > i€ 3 5§ Bt 5LRgR (DSP) e
RN T MG BAEA DA R REE S0 £ 48 5 B B R FARER S

BT TR AR
3.1 35w & i Bk

AEAE e g ditakst 7 7 S d B VS M-LigF 2 K

3. 1.1 mi@

P 5w & B(Multistage Vector Quantization) & 1982 & ¢ Juang &
Gray # 1[18] - * B £ x £d = Blevteoe BE - BE M X =Q[x] »
AT Le=X—K  BEFLIEL o d F—Br BRI EELE=Q]" £

DERUE TRREE S TS T R S X T 0 5]

—

Booipd R ETL Rk o ARG B R EL R E ABE
S A e B0 T @R E RS AU Bl 31 & 7 3 B BRI iz

B AT o
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S R L

Encoder
>

2

+ +
_ v R
o Vector N4h N Vector 4N Vector
X" > De X
Quantiser 1 1 Quantiser 1 1 2 Quantiser 1
I1 P |3
v v v
Decoder 1 Decoder 1 Decoder 1
X, R ‘!\\< € €,
+ N\t
v 52
B 3-1:zZawEBE 8 (I, 2% 1 BE ¥ index) [1

M-L # %2 % %w £ &

EERE A EpE

B 3-2:

M BAg e
—BECROECEL N BERE
AR Bk s —% T

VLE S S5 A ViR

R L L AR EF R
(tree-searched mul tistage vector quantiser) °

T B GER e E o B [ s i

M l'+

M 7S

#1993 4 LeBlanc #

=8

= ©

.

;Li;*«%-:é; ﬂ’: =)Lv

@32'}3@3 37\/

mg 1’-‘3?

£

Decoder

8]

E /L
T v E

21197 -

a MSVQ e — &g 14

i?&ﬁ%ﬁ%ﬁiw=é¥

AL

/(;:_.:L"H _—T'J MBS m& it F?—;;L R

M-L #0= 42 2 i fz

A 4

ERCEE O
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Pre_stage error

A 4

A 4

Compute first_stage_error

D[r]zZWn[Xn—)z nJ?

Compute other_stage_error

D[r]zZWn[Xn—)z nJ?

o8e1Ss 3SITy

so8e}s JIayl()

A 4

A 4

Compute first_stage M_best

Find the first M min. error

A 4

Compute min_d , min_i

Find the min. D/r] and recode the

min. Iindex r

\

Compute difference vector

Subtract the M candidate code
vector and original input for

being the next stage Input

—

Stage

A 4

Compute difference vector

The next stage input

A 4

END of m loop

A 4

END of stages loop

A 4

Find overall minimum
Select the path
Choose the last stage min.

error

END

N

Bl 3-3: 5B 2 E i * M-LiF
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3.1.2 i

Bld-4 55w d @it~ FHRe ZERIE - FEFR - RE

External RISC Quantization
RAM RamA 7y
Codebook APB B tabl
(Codebook) v [ (table) Select M_PATH
| | : 7y
L2 :
Channel Controller L Write
H 1
. .................................................................................................................. - Table
WMSE Pipeline ﬂ 1
4 v v
PreFetch Fetch Weight Square ACCUMULATOR COMPARATOR
- —)
Abs. Sub.
A A A A A
1/ )N -+
£#l ﬁ] W E Control signal A2
Wri
% Level M Order |« Address rite
: > DiffBuff
% Input Buffer < generator HABURRE
Diff Buffer <

Weight Buffer <« M_Path Multi-stage

d GRARI A R RS 0 £ BT ak i i oo AR B A 4 B Bl pR
W B R Acgo S (L (WISE) 5 Level i Bl B 41 B~Yafs i e 2 FE L
S

Stage it Bl#RB~T —% g & 5 Path i Blie 7 M-L F F 3w - L R
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WMSE & & » #2435 Dle ot » § s\i'f——-.f‘&.é’f’lﬂi;f])x cHERE A FE
TR d WP e Rl i 2R R A T 7 TR 0

B FRORY B AGRICERT AENFAL A PRT ) BB A

H =~ ’>]:lrl °
e _l l’ fy
4 WMSE

P @

I
| | A

| a

|

ey

|

I

|

|

|

|

|

< Level >
et >

A 3

SO

i O

B 35 fan i E it BiniE

3.1.3 «‘13‘1#?‘1@?] o AR

A EEL A 16-bit 45 Bl f 3R Lk Bah il Fagl o
T o EHTG Beop FAod 3-1 #77 > Next_Stage Buffer * i % & ihss # cofi
Ay REAT — @»mﬁiﬂ ; Weight Buffer P * & 4cfE 24 E £ ¢+ (weighted mean
squared error) » % ,& % 5 MSE(mean squared error) @ | Weight Buffer g%

Eale
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) S8k

Control Register & Jﬂz p Z_Order # ~ Level # ~ M Path #
- R

Input Buffer O o LS

Next_Stage Buffer T-smae g E ik

Weight Buffer & G

3.1.4 A48 ~ (Address Generator Unit)

AR E L - Bint A 4 F(Address Generator) @ f F #24] k sip g

& H w4z 0 d - B FSM(Finite-State Machine)® > £ 7 8 Bk & - & R

4o 36 2 B AL TP AL -2

B 3-6 : inARiT A H <R A B

31



% 3-

B 4 E

PR 2

R

Get_Level

i H o B iE 0 73

Level #eh ¥

2

Update_Order

A 4 Oder =4t

Update_Level

o

4 Level =1t

Idle

EEFPEBAE o a4 H

O feiEdk

Update_stage

Update_M % # M paths =4+
Finish FE R AR BRI
/ﬁhﬁiﬁ#dﬁ 71.»4 ]E;"J-Q;:E? ) ]K%jﬁvﬁ; %?ﬁ‘iiml‘l » %:QQ;:LE'J; . Order .

Level ~ Stage 2 M > -2 4 B Blen=t#ic > § &P

M A e

%] Update Order =2+ #c

B #cr| Order =< pF » ) &gffu ¢ B*2 Update_Level - #- Update_Level s fi 42 cro3t

B4 — > e 3 Update Stage 22 Update M i - Idole fx f %8 4 AT

— % Update_Stage P > #icid 2 H T e —S et T2 7 «—é»mﬂi;'l IS

R

PO EELE AR R iE > SR E

SRd & B A

PP AR A E A

AEA

# 3-3 ¢ Al

o [dle R e s Flier THRER = o
6 i dlsuEl > & Bl

B 6 EE AL B Aok 3-3 AT o

FdlE

Enable acc

Bobe B4 4

2N

Enable_compare

SR R R

Enable_recode

B e e bl e &

Enable final

Ao v e BE # & & M_Path

Enable_output

ﬁﬁﬂ:ﬁx%éé%vﬁ 518

Enable m

# 7T - if Path» R4

32



3.1.5 & & & M}k (Pipeline design)

S BRME AhP h - B siE

>

2+ % @ L WMSE(weighted mean squared error):it & » & — & f—

WieE- B

-

P

EER FEN TN IR F RS e

¥ ¢ & (4-stage pipeline) 5K
i# clock i
FoTREERGT AT EY BFLT ki 5 TAZ FE

f? v LR B BGEE BT pagi

[ 5 B E AT EIRD AT RIS o AE Ap P FT LA
TR R -
EHFSUE R A BT BB 37 YT
Time 0 1 9 3
Fetch |A -B| |A, - B,| |A, - B, A, —B,| A, -B,|
Weight - W|A-B| | w|A-B,| | w|A-B]| |w,|A-B,|
Square - - W,|A-B| | W,|A -B,| | W,|A-B,
A - — _ 1 2
- >wlA-8] | Swla-g
i=1 i=1
MW= AZBAN v EEAYE
B 3-7:&H § iR
Fetch %@ 5 & By » RiRchG 4 Weight %@ X 2 i > gig s

HEEH R
120 % 16-bit & #f @ £ @ 4% ® 3% 5| Square %E § -

i % Weight s sz > 4est RIF - B 32-bit i X L5124 -

% Square &wm AT RESEY 0 B EF 5 Y E PEE O
MR 32-bit R 2 @

B 0% 32-bit

it o BT A AEE T BRI E G > T AT T (3 0 ]
2 fffﬁﬁt?iﬁﬁ’ﬁ“ Al 3 2/F AR AR LT B H 5 (Sign)

I Acc o REETS O B

€ Gfehr f L BT R AN AR

=

33

¥ od i 40-bit 0 WMSE & -
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#- Weight # # (Weight modify)#7:# = 59 WMSE 4 % 22 X 2 :x% (Original
Input) et fde & 3-4 0 A4 @ A 5%z o 22 SNR en@ 58¢% ]

%034 e A £

SNR(dB)

Original Input 57.243

Weight modify 56. 335

3.1.6 + #& ®(Comparator)

FEE S SE e E 2R 5 CREERE L L E 0 LR
ekt 5 7 5udk(Sign) vt oo ¥ eb i fe & MPaths eiF 802 > 242 &30
— i threshold # % + —i% Path e £ & > = —i% Path R % < % threshold
TA TR o
3.1.7T #icie % ¥ ~(Write-Table)

BoE 4 H edd EBER 3 ke 0 d - B FSM(Finite State Machine)

T o R R SRAR R4 3-8 A1 ok fE 1 TE R F ek 35 4T o
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A B 1iEp F

Ready F7 e B 3K L

Judge _condition 2| ¥73%iE ~ YRIB stage

update_error A4 B

recode_table(index) L4 E stage Rl EE

update regfile ¥ ] WISE e85 % % 177 - & mﬁﬁj PN

idle 1= 4k i

Final compare SEEEFRERB,VRESE VL] EHE —FR
45 ch PATH, £ #-1s e % % 31 @%] 4

£ 3-5 i A H ARG TR

S H e S aon B A 0 bldod 3-6 %57 o ik M paths # 5 3
Stage #ic 20 5 7 R EhE MRS T —5R & k&R BERC SR 5 E(index)
B s —crz L ®(error) 0 W RE BRL Eehk o) > DB R L rﬁﬁ‘u{
B iE PR ST o B3k Error] #ciE o] 0 FoArk d ehE VRS A ML oot Bfﬁ%] a0 ch
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%351 @& 7 % Index! ~ Index2 -

M1 M2 M3
S1 Index1 Index3 Indexb
S2 Index2 Index4 Index6
Error Errorl Error2 Error3

36 HAE T B

B4 H A Tesrt B MPaths cnF > 57 &4 Benid * > 2427 &%
et BTGP 2N lp Al o B A B A A AR AR B N BEC
Bafmeng g B b - sl E e kiga— B Stage o BciE 4 H R ¢
s e R AR L Faus- o 5y adf s ALy R — B Stage o » o Ao

3-9 st o

Write Table

B 3-9 @ diE & H e k™ — iy~ ]

DRSS

ToASEE RS 0 RS EHEHE A (Select_ M _Paths Unit)if 415 i
o BB RAE B 4 A BB BELE Y R 5B 6 E S 32-bit Sl

N2 DIA oiyis Blae o d RGL E P 0 bof] 3510 41T e
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2 51 & Index1

51 & Index2

DSPRegOut

B 3-10 : i 2 H ~ iy 1 )

3.1.8 s EF R =:E# H ~ (Select M _Paths)

w5 i Path end 5 — o3l 7 ot e Mz Paths en | > B b |34

3.1.9 FiE/n4g
ban BRI - BER SHI AN R E SR R L DR E T TR
BRESERALY S F R - B iRA Y B TR DIA G — i DA

ARl 4 H R G5 5 APB R B E AR R L R

#5092 APBBus hiB 2 SN G A BROREH BE T TR S0 B2 S ue
PEMCEAY FE PRI BA LB/ E 5P 32 A G kb BBl

Frtogd DIABEIn g VH Y ’érﬁbgﬁgﬁﬂ%ﬁ? r R R I HP PR

— & UG TR 0 hoF] 3-11 # o
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SHEb

125KB

SDMAPR 16, LEVELEh
SDMAPR 17, LEVELE}
SDMAR 18, Order & PathBp |
SDMAB 5,
01001001 111 110 0_1
BEMMEVQ - RERERE
ChannelEEE

B 3-11: 5 &mgEn B E (TR AR
AR Bk T 0 de§] 3- lthr—rmﬁi; c I g 4 K T E A DA
3 EE > B Level Stage Order “’h’ Paths % F¥c 0 B f4 % Z_MSVQ # ap &k

| | l X
S 3 NNQW%LW’“ﬁ&ﬂﬁ““ﬂﬁﬁﬁﬂDM&@?’ﬁﬂéfﬂ
i F

-

I_.—

% eriE & @ﬁ%ymm‘%%i g%ﬁww@ﬂﬁ B o

ﬁmt:I

3.2 wE ) B H R

KRG AP E B LA f R URE Y Rh  S R A e 2

3.2.1 i@ B @

B-ig 4F = 3 (Fast Fourier transform;FFT) & % st + 224 % 2 >
Fawmn FFT AE L [16] 0 2% & 4 S FFT EHapos D ipdid i o $20 - B 8
BLeopE g & 3 FFT 255% (Decimation in Frequency)+4r® 3-12 #77¢ » £ 3 3
B BaY G A BigeniE B Ao 4102 8 BN FFT £ 5 12 B 8 &~ > dg i

EE AR o] 3-13 S 0 g W] =e 2N
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B 3-12 : 8 - FFT Bl

»
>

(m-1)st mth
Stage Stage

Wy 1
B 3-13 : kg ifiF B @)
3.2.2 %

Wit - BpPE R PRAT 0 R Y F R FE 2 BB kR e K iy
WeE B chn g~ 0 2R SRS il KRR DNA e R AE R BB N o
BSLE § F el d F FFT cidz » d AP &A1 DMA § F p 2% Blerpt 8 o

IPUE B H A F AL S 32-bito B M 16 A G RN B 16 A

A

Gk BB 0 B B T o e pe e T g -

E

512 2enFFT & » ¥ F & 512 ifze R a SGE 5 4F BTl > — B PPty
FLERR om0 AR RIS 5 —B 32 mAgE o b B

FHTHwEBMe st 20 P A TEL BN DT R I EeE RIEKY § T
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B R AR R R AR MR R H T
Hho g A@E P BB BREIRADFOD S BT R FpFRLEH

B BB R A o iy uE B A AzdoH] 3-14 o

* . SDMA % #c: EERAGe R .
, , T &7 A do T HR T
SRty = ¥ B T o & —— " — _
N iz Scaling = # #&
- B Cosine/Sine 4 #
Fw R kars B i (7 AF B
=/
oo BT s iFiE Y be ik

3

B 314 5 281 BEER

LpUE B B A 2 e W 3-15 4 i - kB E R G 9 BRI -
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RAMO RAM1

Re Im

Cos | Sin

Re Im

2 Cycles { )
Re Im Re Im Cos | Sin

K

2 Cycles
vy vy
k
- + K

2 Cycles {

1 Cycles

< Re Im
\

2 Cycles< A 4 y
Re Im Re Im

F 3-15 : dpipis 5 8 = % 4
3.2. 3 A\ TR AR T
E S E A A FFTE 8P - d FFER DA 17> d2 B FindRecniy g o

%ﬁm%ﬁiﬁ&ﬁﬁﬁ’aﬂﬁé%ﬁﬂiﬁﬂ@’uiwﬂﬁﬁﬁ%ﬁﬂ%
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H

P R B TR RIEER e BT Ll R R R el

o R AL ES B H AL 1 amek 0 X IFR T

» K TAE IDMA %k

N

T ST EE R X ,
T:_C“;c"f*l 4 'i'fL " X R %‘ . A %4 DMA- &
£28In ne % i~ ik o

- STEREOSES ! w—'m 7o a8

— T

RAMA : 3+ 5 74
RAM B : Slne&Cosme

RISC3- & it B3+
=

PP

B1.03-16 1 FFT & & 4 1 {75

LABEL:FFT Gose B3t FFT & 8)
LABEL:LOOPI (it B]: — 532 5 B Ripifeid 7))
LABEL: ButterFly (P 3 [B]  dpdfiF 5 )
SDMAR 16, R4 (474 Input 1)
SDMAR 17, R8 (474 Input 2)
SDMAR 18, Rb (SinCos = 4t)
SDMAB 19, R11 (X Tr#E)
SDMAB 5, 01000000_00_0_100_0_0 (4t =4 )
DMAOK (DA 2 == £ )
........ (FragcF+E
........ (a7t E)
JMBR R15, R4, ButterFly

JNER R3, R1, LOOPI

JNER R9, R10, FFT

B 3-17: f1* SDMA 3+ % FFT:& ¥
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$m F FEA DIA £24) B 2 RISC e

A& A DVA $54) B 4572 RISC AL B 7 3 5 AJL B chlic 3L S A > it -
Flut o ke I FREHE - B 32 At #E4 (RISC) ASLE
o B RBrs M E o A A DMA BB S S - BEPEG DSP
T A SATEE T R S REM S 4 B R ASLE S

LB~ R TR 2 4o 2T ) DUA R &
4.1 RISC i@

F i # BORISCAGARIZEIT 4 Bg RFH R [20][21] 0 5- B
Unit-core {r Multi-Ram eZ % IP[22][23] > % - B4p 4 B EEN K E
(Program counter) #iRP~i& »JdZ B P 3818 0 & L ¥f%dn £ R (7 fRF5 0 R F T
W HERBGR AT ALY Y A B SRS G s BRI o %
QR S EATET DIA KA B E R AR R 42 4 32T ] DVA e
TEH[24] 0 % FEE (& IP)F AU* 4R850 APB R4 i [25]
FRAPFR MBS B E R DMA > BT AL RE 5 A p 38Rt & pIME Y hg k¥

F‘;H:RF [26]“

4.1.1 RISC ™ % 4% s

RISC Z#HASE BHeG 9 Bf REH 9 B Mo 7425 3 Bl prBE 2 Ui
Mo 4 PRP AR AR dg £ TR g 4 RS S e B
e~ 2 FRclEE e o UT A uf i A & 1 TH AT

1. PC Counter/Branch Protect : ‘Al #87E i t & » B i e 2503 dc



Bho— o T RIZEME > B i AT P IEE > T EI]T - B S0

P~ (Instruction fetch)-

Cache : #- PC x| PP gL #hip 4 » B¢ PC chizn ® 5

16-bit > @w RISC 45 £ 5 32-bit > E-PiefRMIT4IBHF S = 5 7

B E e RISC A BLAIE B » Pl slic s 4 & o

Instruction Fetch : i&— %P chi o 23 B ehiE » 425058

%mei’wﬁf—amﬂﬁkﬁ%é%%ﬁ€oﬂﬁ’ﬂﬁﬁﬁﬁ
ALY 5opF ¢ 7 & RJZ VY dp 4 AR B B A% B AR ik

- - el BT TR N REEE BT - Bl o

BARJLEMEE A 4 P 5 0 LI B 4 B 2 1 - Bap 4 ARIRE K

A BAFLES PO R L Pk P M A TR AP ERALT &

Stall e fe » A% & % BH 7558 0F o

Program Memory : #-42 ;% te {@ 8 ez bl 5 d A R+ K chyriz g 5 b 3n

g ce a2 ddg 4 o B P G 16-bit - @ w RISC 454 &

32-bit o

Instruction Decoder : i&— #enp e e 3 £ ik R L dp £ 782

jRrg b P 3 A B RIRY S 2% o - B Ry Behin g o gt

lm

PBETOLHT - A B @ kREE AT R e Ak AL AR
P i g o M ES BRIZP 0 T i dg 4 4G B RIE P
PIARRPHEC A FEOTR o AT DE R

Register File : mJd2r w3 32 B * 43 & - K35 13 B¢ 443
BRAIEAIS B B 20 1 BARS | FRERAE R
Bt hiEE i I8 AL %8 enp a8 A w o Atk
PGS @ AL s el R 5 Pl i ALU B R ¥ 550
TELid s A ALY & ¢ > 1% et 25Uk = & Data forwarding
e 1 o
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7. ALU: Ao g 35 NB4EAE 5 &> 5 7 Data forwarding 9§ i® >
Data memory # Write back i+ %'% 7 & ALU & p - Data forwarding
WA DR - B BBw R A 2> P g G0 0 RAW

hazard -

L ke MU o B - B RRAT MR AR R

[27) & § 017 7 fam

I - Bip s FH 2R

2.  Regular Loop Prediction : #iBLad2i& 5 @ 5 (% 5 ) % =% v B
giF 8 > 4% - B L4 npt i 7R (Branch prediction) o i g2 & 7
¢ 7 Control hazard i = 7% % & Stall -

3. 24 Data Forwarding #541 -

4. Condition Branch :-#g |4 * Predictien-untaken = /% 3%k 3
4.1.2 RISC }@f":ﬁiﬁ Za -2

RISC A2 Edp 4 41 < U FHEH ~ FQEEE  prigdp 4 - 4

dFdn 4~ A E A DVAC #4148 > 5 &40

RS
Lo4-1: FRESE L 4

Instruction Opcode Example Mode
MOVRC 000001 MOV rd, data Direct
MOVRR 000010 MOV rd, rs Reg-Reg
MOVRM 000011 MOV rd, address Direct
MOVMR 000100 MOV address, rs Direct
MOVMRR 000101 MOV @rs2, rs Indirect

45



MOVRRM 000110 MOV rd, @rs Indirect
MOVB 101111 MOVB rd, base(rs) Displacement
MOVI 110000 MOVI rd, rs1(rs2) Index
MOVRMB 110001 MOV rd, address Direct-Second Ram
MOVMRB 110010 MOV address, rs Direct-Second Ram
MOVMRRB 110011 MOV @rs2, rs Indirect-

Second Ram
MOVRRMB 110100 MOV rd, @rs Indirect-

Second Ram

RISC &2 % + #& # Direct ~ Reg to Reg ~ Indirect ~ Displacement (base
add) ~ Index T + #g T ak {50 o
N EEABEEE L4
# 0 4-2: BHclaEsEl 4p L 5 4

Instruction Opcode Example

ADDRR 001000 ADD rd, rsl, rs2
SUBRR 001010 SUB rd, rsl, rs2
MULRR 001100 MUL rd, rsl, rs2
ADDRC 000111 ADD rd, data
SUBRC 001001 SUB rd, data
MULRC 001011 MUL rd, data
MACR 100111 MAC rd, rsl, rs2
MACC 110001 MAC rd, rsl, data
ANDRR 001110 AND rd, rsl, rs2
ORRR 001111 OR rd, rsl, rs2
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XORRR 010000 XOR rd, rsl, rs2

INVR 010001 INV rd, rs
B prEEdR 4
% 4-3 BB £ 74
Instruction Opcode Example
JMP 010010 JMP address
JMPR 010011 JMP @rs
JBE 010100 JBE rsl, address
INE 010101 JNE rsl, address
JMB 010110 JMB rsl, address
JLB 010111 JLB rsl, address
JBER 011000 JBER rsl, rs2, address
JNER 011001 JNBR rsl, rs2, address
JMBR 011010 JMBR rsl, rs2, address
JLBR 011011 JLBR rsl, rs2, address
CALL 100011 CALL address
RET 011110 RET

Address 3384 5 ¥ 12 & _Label » 2% ¢ p S Sk nimnk o

[ ] gw@g:

% 44 Budg s od
Instruction Opcode Example
SET 011100 SET A, rs

INTOK 011101 INTOK
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SHR 100000 SHR rs
SHL 100001 SHL rs
Instruction Opcode Example
ENDC 011111 ENDC
SET 454 A% RISC R Bixj i imptph » % igdg £ ¥ LK T3 B

16-bit #71/0 port -+ £ ¢ %0 ; INTOK S AJEHH ? Srengy £ > 1% 245 4
T gAY 8 SHR #rs w445 - A S SHL #rs w2 A5 - A o
B FET DMA 2 4lAp M4 4

345 AP £ DNAC $2 414 4 71 %

Instruction Opcode Example

SDMAD 100100 SDMAD data
SDMAR 100101 SDMAR rs

GDMA 100110 GDMA rd

DMAOK 101001 DMAOK

GDMAR 101110 GDMAR rd, address

4.2 R E B RE

AR e B A BI T ER S0 F B B A6 et
% (Assembler ) # #4545 (Machine code ) i 3%~ 2 5 2= |8 48 (Program rom )
4 4 ~ 2 4537 3 (Debug information) > 3® i€ * Fadflr nrFa wlr‘%

% # 4 Testbench o
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Assembler

1

Machine Data Rom Debug

Code Information

Testbench

B 4-1: 23F % (Assembler) =% i
BA A 2 FBLoT B o % Visual CHE = FE 2304 » 2 * VB ke
BROED, G5 o5 dl] TR TR EGER T 4 o 2 R R
/4 548 compile s (% ARG EAFAL o B (805 d Build g (v A2 477
L
® pop.txt: A4 LA afeNa s R E S PRROTR .

® Dbin txt: A2 N eRMWOTHE > B EREE L FRELE DT
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Build

Compile

W SD-Asembler - [CADMANVGATE TH\DEA TE® ¢ THT] = E| il
t5. File Edit Window Help - =] =]
D & %|@=al =0
— | AEEL.DMA_TEST =
| = c: HD1A =l [MovRC RO
F: 5 MOWRC R1.401
= LABELINIT_MEM
A DMA, MOVMER RORO
SN GATE_SiM2 ADDRC RO
[ dw HOF
CaumMcie vz HOF
[ work IMER B ROLIMIT_MER
SDrAD 0.0
SDhMaD 232868
3 SDkalD 3163591
Di rectory‘ SDMAD 4.0
SDMAD 32868 N
i Edit area _|
dma_channel_controller.w.bak =1 mgﬁgg ESS
dma_defines. v LABELMWIES IMT
dma_fifo.w | -
_f . . GDMA R 3
drna_izs. v
dma_izz v bak Fl ]'e ]' 1St HDD\P-"HF!M R4.R0
dma_mac. NOP ’
dma_memory_interface. «» HOP
dma_memory_select. v MOYME 248 R 2
dma_muly ADDRC RO,
dra_priority_arbiter. IMER R2.E2MIEW IMT
dma_priority_arbiter.«. bal GOMAR R12.9 -
drna_register.v — Mnop )
drna_register. v bak HOP
Dkds TEST.THT HOP
Dbds_TEST.THT.bak -
drna_timescale.y 2| JJ
Message window
L]
Status | 2005/5./2 | F4F 0210

B 4-2: B Ao 23 %8 (Assembler)

4.3 KL

R 3 AT E A DMA 4o RISC AL B hi- A& > S RATE 2 DIA vt
o0 R OEER kAenl ard s TSR AL E Av AT E ] DMA a0 Pl HE kA o
4oB] 4-3 RISC AL B A £ £ A DMA & 5 - B 445 42 5 B2 » Bing o fz
FeRME RS RS BT EA DALY S BFRERIRR -FE

3 DMA = L35 % if it o B S R L o

50



[ Program Rom }

[~———— ===

l
l
l
l
l
l
l
l
4

| Program bus I
| '
I [ MS Cache ] I
I |
I |
| Ram A Core Ram B I
I |
I |
! { } P !
| data bus data bus I
| } { '
I |
I DSP enchance Smart DMAC :
|

| RISC processor t I
| Peripheral bus l

[ I’S Txd & Rxd} [External RAM}
Bl 4-3 : RISC AJ2 % & 4725 4] DNA & &

BB Rsg e s Baming  FEL DA 2 A2 B s * — i T mingt - 8
WEA IR R AL BRI A DMA & * 3 B F AR e TR g ]
% > RISC RIZ B fEid-» §i2F @& * Ple AP M ot £ > oAl eni 748
¢ BT ER DMA - Rk el o

M H RgRpteh o 50 K ZATE A DMA ehds 1T o AR B 5 BT E )

DMA en®f 5 B o BEEA B [P\ A fd - > S AT EHLE
FHESR L EE G AEADNMAG R 52 07 UERY eRMER S
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ALL\

Register

Processor

Core

Bank

YVYVY

Memory

YVYVY

Bl 4-4:

hergn £ B deT

: Address 16-bit
' 20 —
! I 16x16

! 900

1

L 1ff

1

! 512x32

1

|

I < o
000 >

RISC @ B 3 B~ £ 4| DMA %7 5 B o R Hp

52
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A ~ 220 2 »
$I X SR E L Ba IR

AR L DMA B L A RISC AL EP » B b ensm > 2 2 B % o

A OERREENF IR AN AAID F L AR T & e
B B T fody i+ a0 A &L MELP 3% 5 BRAg[9][10] 5 * > e E L R
— i FRIERARSY 0 B RISC A B4 ¢ A7 E 4] DMA e it fornit » 3 4 Bl 444

FEFEER RS S o wFAed o AT

5. 1.1 MELP % 5 B &5 1 %

FOEAD A RS B R ORI AR T B )
S > PR Sy E "&I%Té\ WAF G TR B RDH R o d A0 H dzﬁji%i%c_’;;f?j;
LAHR R o ATEE S s @y ia 5 @ d 8Kbps (CELP) ¢ 4. 8Kbps (CS-ACELP)
# /% 1 2.4Kbps (MELP) [9]# 1. 2Kbps-(MELPe) [10] - » F1% 0y S e
MO R A LA R R KA e R W RAEE R RS A § )
Bro BIO-1 v ga0 B RAEA N2 e A MELP ¥ vl RAHES MY AR
Sl F P Nk o B F A7 MELP & B H & g seld o
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Speech compression algorithms’ characteristics

Standard kb/s MOS DRT DAM Seg. (ms) MIPS Adoption
PCM 128 4.5 - - 0.125 0
G.711 PCM 64 4.3 95 73 0.125 0.01 1972
G.726 ADPCM 16,24, 4.1 94 68 0.125 2 1990
{G.721, G.723) 32,40 {1988,1988)
G.728 LD-CELP 16 4.1 - - 0.625 19 1992
G.729 CS-ACELP 8 4.1 - . 10 20 1995
G.729 CS-ACELP 8 4.1 - . 10 10.5 1996
Annex A DSVD '
G.723.1 53,6.4 | 3.514 . - 30 16 1995
1S-641 8 4.0 & & 10 14 1996
RPE-LTP (GSM) 13.0 3.51 & - 20 6 1987
GSM EFR (AGELP) i2.2 4.1 & - 20 15.4 1997
1S-54 VSELP (TIA) 7.95 3.51 & - 20 13.5 1990
JDC VSELP 6.7 3.51 - - 20 7.8 1980
15-96 QCELP(TIA) | 8/4/2/0.8 3.5 - - 20 23/2117/11 1993
15-127 RCELP 8/4/0.8 4.1 - - 20 20 1997
JDC/2 PSI-CELP 3.45 3.5 - - 40 18.7 1993
GSM/2 VSELP 5.6 3.51 - - 20 17.5 1997
USFS51016 CELP 4.8 3.1 91.0 64.6 30 17.1 1991
USFS1015 LPC10e 2.4 2.2 85.7 52.5 22.5 8.7 1984
MELP 2.4 3.1 92.1 64.5 22.5 20.43 1997
?] 5_ L E %@ﬂﬂ/ %12‘ «‘P‘flﬁ‘ b ﬁ&[ZS]

5.1.2 MELP 3% 5 /B 55/ B /2 Af fedd o 47
AR AE S R AT fed i H R MELP 3675 & 7m0 1 Ahe kY
e RISC rd2 B 4e F AP E A DMA i (75 &2 2 247 - B 5-2 2 B 5-3 5 MELP
fRr% 2 kG AE SE A 4T 0 R SaGinag et o 15 0 {1 Visual C i gcd8A2 o
"% (System Clock)¥t C iRAZ: 78 > B RLF B2 & 2 B3 7 o0 SLpFig % &)

#c o dois % 1 CLOCKS_PER_SEC ¥ #ic » je it 7 cph I » 8 25 % £ (ms) -
Decoder

68%

Encoder

B 5-2 : MELP %048 245" &
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remove_DC

residual_signa Integer_pitch

Quantization ,
Bandpass_analysis
gain

final pitch band_expansion

peakiness others Durbin_LPC

Bl 5-3 : MELP %% & H ~4f fe R
d B b-3 ¥ & > Integer_Pitch ¥ Quantization » B.5 4 47 & it 31%£ 25%
HREE R LEE R AR E A ER 3 508 b 4% Quantization TA T 0 4e
B 5-4 #tom > 7 HFRE M LPC HB(QLPC)er FFT & k7 61%%& 18%«h

Quantization 3+ & pF R

Q_LPC

B 5-4 : Quantization p % ¥ ~iF L4 R
L4 MELP shig st @ 5 % e = o U P EA DA ke fmaiz o it d

FEE o BT 4 Integer Pitch ~ Q_LPC 2 FFT 384 %i& {7 skiy & 478710 i o
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5.1.3 # % 3 % (Pitch Search)%#
E AP S¥r(c) 0 £=40,41, -+, 160 > Az 121 B¢ &= Jﬂ" T L iRk

Integer Pitch(P1) > # ¢ r(z) %2 160 Bp 4p M HE ~ C 4™ 7|38 3

c (0 T) ~[z12]+79
r(z) = c.(m,n)= Seom *S
\/C (O O)*C (T T) r( ) _LT/sz:_go k+m k+n

A = 2

Pitch search# ¢ % 7 + & e7p 4p b (autocorrelation):t & » 4 i# ¥ i
fd o FRMERWAENEFIEFEY MW —B 160ZDa pHEL TR
HieRMWOTHEEBH 320> P A BC HEAYFTE 160 B4 B § o 704
WE R Plavdzo P r=40~41~--~160 #7F 3 B £ (160-40)*3%160=57600
Baki2 o & 320%3%(160-40) =115200 =& FAL#A > 4ot < £ FREMS P FERE
AR 0 T oA AT E A DMA (T e iR o Ry RED L 5B
8 A L BAE A DMA T S B4 E B eEt B 8 T AR e T

® T SDMA eha ph 50 DR R fhk i ~ % oAz mak - R kR
HL B P enizgl ~ B ETak e B e g kAR L 0 FEA DMA T € p e
FheT # 0% 0 A S JEe RIS B EEY 3 B FEA DMA { 2 %t
P Ratpkends i 3% r R4 BP o & SDMA p # i 57 L BV IR (7

H o owh g cuE (T o 4rlB) 5-5 1 o
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A 4

» C.(0,7)
RISC ?(lo) & c.0.0)
c (U7
r(z)= Z C (z,
NN Y <L £ oA DI B

autocorrelation ¥ ~ &

v 712479
Wtir(z )4 o), 5 AT c.(Mmn)= > Sin*Se.
ﬁ,’L—'\ El_‘ —|_1/2J78O

A\ 4

Al B & E
autocorrelation 4=

Bl 5-5: AJE B £ 4] DMA &J2 Pitch 4 1 2
FERE
FF 3B pApH S nEE P =40 3] 160 > & 47 TR AL & DA > fIr 21
B S TR AL S B fS AP “f Fr(r)miE s | § g% —
Prie—% b fnépdic o B 5-6 2 B 57 #rF 5 Pitch Search #F25 » 5 3} L #7i
< 33V #c i A5 (update bigger (7)) o v h T BT C #4258 22 post-sim &
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e “CAProgram Files\Microsoft

Rem=27434
Rem=22301 r(r)
Rem=18451
Rem:-11840A
rem=414%
Rem=4372
Rem=4372
Rem=7882
Rem=20279
Rem=8427
Rem=126004
Rem=24533
Rem=20313

> Hic

4 42 43 [ @4 |45 48 j&7 | {98 43 Je0  yo1 | Joe
i
27434 22301 {16451 11640 {4149 J439 {7882 120279 10497 Y1900 174533 I
am\ 288 J50 | f51
T v \ /
r(z) 4# Update bigger r(z )

Bl 5-6 : Pitch Search C #%;% £? Post-sim & % [

cv "CAProgram Files\Micros et "C\Program Files\Microsoft Yis

27-> Quo=0 Rem=6285
?8-> Quo=1 Rem=4398
29-> Quo=2 Rem=18703
188-> Quo=2 Rem=5431
181-> Quo=2 Rem=5231
182-> Quo=2 Rem=61%

157-> Quo=0 Rem=158
158-> Quo=0 Rem=158
159-2> Quo=0 Rem=158
168-> Quo=0 Rem=08
Max value=2

Integer Pitch=186

97 {58 {99 oo {301 07 J|I15?' 158 1189 J160 [ J16]
0 i 2 |

i (i e I T TR | i, I ]

5] 193 | |00 |

Integer Pitch

B 5-7 : Pitch Search C 423 ¥ Post-sim & % II

S AT G A DA Sk » AL EA LT E T B

]

80% » 42 5-1 #17m o
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% b-1 : Pitch Search »xs: %

Performance
cycle count

800000 /

600000
400000
200000
0
O Processor+DMA
B Processor+SDMA

5. 1.4 & it &g v R (LPCO) % #

P

% £ * #1438 & (Linear prediction) % #cpF » MELP #* % 2 » £ & (4 2
(Multi-stage Vector Quantization)f' fi &8 o< ] > & @ * M-L #F 2 4
56 MSVQ e rg B

EFIRS G073 F A 2 F (full search)’ = ~ Ak #F (binary search)
& &% & (Multi-stage) s & i 2 WomY A 3t TR ¥R S s
(Codebook) 17 Br > frizz ¥ € jU % (% F PR A F AL HAS cha 1 1% F £ 7
DMA 2l AT B T e pF > B % A B k2w £ £ 142 WMSE (weight
mean square error)sntE Aot ¥ OF g BRI BITE @ iR 0T o

Sk WSO8 5 L CASHEES > HRIO-94p 0 REREE -

59



e "C:A\Program Filez\Microzoft ¥isu

M_Paths Table

B pVE R Rk
31
44

rress any key to continue

Bl 5-8: famEdg it CARNMPGFE

M_Paths Tablef& s &

\ 4

| |
0110011007071 007 0007117700707 100 I:I1'IID‘I 011007107001 0001717111001 0710
I

107 41 31 445

B 5-9: » & & it Post-sim % %
szay A 17 ¢ A 7 Multi-stage Vector Quantization 3% » & e Bt 4p m:fp
3 53052 B - fe ¥ A g 4p £ i 0fE oh f ¥ (overhead) > 3 F B Bl

A chdp £ 2 NOP 45 4 (overhead) ik FFHE X & 1 51% > 35 2 > 5 &

(s
(s



A X E R G AT T RS o S E % TR DMA K
R TR G BUE e R - G E 4 B ] 357 £ (WNSE) e F BT

BT LB E AT S 0 R A i 0 ded 52 90w 0 1 0 04%eh

% b2 fawi

ek

Performance

cycle count

600000
400000
200000
0
B Processor+DMA
B Processor+SDMA

§ o £ R A% ML 4EE 2 B R 0 Aok 5-3 977 0 M=1 27 M=8
SNR 48 £ %9 2dB » M-L 3805 ;2 7 5 I 3 e B (VB /T > 1 10 2 R 3 B K o

# 5-3:M Paths € * B 55 % 4

Schemes Test Speech File (SNR)

TEST. PCM (335K)

TEST2. PCM (246K)

TEST3. PCM (500K)

MSVQ with M=1 55. 43 56. 065 55. 873
MSVQ with M=4 56. 92 56. 695 57.168
MSVQ with M=8 57. 38 57.197 57.303

5.1.4 P& & = F# & (FFD) %%
MELP #f*t= 10 ® prediction residual signal # pitch harmonics &3+

BvenE 2 FiE o gk 512 8 FFT 245 FFT e 82 > Aie 7@ 5 %
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#-thlciv =~ & fE(bit-reverse)hd: 7 J* £ 3] DMA chiz < F et i
TR G AIE B R S i o

b P 2 B RE Y 3 H G R FA s R 0
EAEFAGERMETR IR @ R E Y > L el RED 24
gt #5 1F o i R3O - B Butterfly 8 =, 1% 45 3] DMA 425 ALU, 34 4c —
PETRE BT, I DMA BTk ihke PEIE (T AT Bt 2 R B o e R, Aot
F&%& 8cycles; m adZE R F &K UWEA DMA ehddic®, ¥ 474 FFT i
A2, o AL PR FRATE NS -
SHRHREATHRED DI2BFFT 5% > 5w 32 8 > A5 5 T80 CAN

%27 Post-sim % % > 4@ 5-10 > HF & E -

ImRe=FFEFFEG9EFFEfFed [Tl
ImRe=FFEFFELSEFFEFfef FIESTs
ImRe=FFEFFFABEFFEFFFL FEOFEE
ImRe=FFEfFEdcEFFELFEA FEdfH
ImRe=FFEFffe3fFfErfe2 Fie 3t
ImRe=FFfEfffeafFFEFFF1 fieafff
ImRe=FFEFffecfFFEFFE2 fieeff
ImRe=FFEFFEFIEFFEFFER FEFLFTE
ImRe=FFEFFEFAFFFEFFF FEFAFTE
ImRe=FFEFFEFSEFFEFFF FEFEFTE
ImRe=FFEFFEFBEFFEFFE2 FETEirTEd
ImRe=FFEFFEFaffFfErfel Firaftt
ImRe=FFEFFEFhEFFEFFFL FEFTE
ImRe=FFEFFEFALFFEFFFL FEFIFTF
ImRe=FFEFFEFefFFEFFE2 FiFefE]
ImRe=BfffFEFFA 0000
ImRe=1FEFFEFF1 0o
ImRe=3FFFFEFF1 0003
ImRe=4fEFFEFF1 0004f
ImRe=6fEfFEFFA O00ER
ImRe=7FEfFEFFA 0007
ImRe=affFFEFF1 000a
ImRe=cfEfFEFFA 000ch
ImRe=FEEFFEFFD 000
ImRe=12FFFEFFF1 007 2x
ImRe=17EffEffef 001.7n
ImRe=1cffFEFFEA 007 ch
ImRe=24fFFEFfef O0Z4fef
ImRe=33ffffffed 0033fed
ImRe=4bffffffed | O04bfed
ImRe=98ffffffel | 0095f=s
ImRe=01f0@ | 000001 0
| ]

[l

T
0
2
T
2
T
il

i1

—L

=

=

=

(a)C Simulator (b)Post-sim i&
Bl 5-10 : 512-FFT & 2h#icie £ &
EES L
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JI* 73] DMA #45 FFT chifdic » #45 chpes 5 2%(n-1) > £ ¢ n 5 FFT ¢
B ARSI RIT B R FE A DA T 2 & f 96%iE R £ o

gt SRR B P B RS TR R L ERE & 28 B 4
FTH o AFBEE L E B E R G 1T BEH o T —S A UE R K€ AT -
Lo AR ETA SR A DNA R ASL  SdA FTAL DR B a2
g URE BT REL AT 0 T 0L MR Y FIRG TR g A g ot f 4 o ek 54

#rop o0 3817 D12 BEFFT 2 88 Glcen g & 07> ¥ RS EE .59 T6% -

Performance
cycle count
200000//////
150000///////
100000///////
50000
0
O Processor+DMA
B Processor+SDMA

4. 5-4 1 512-FFT % =~ F #rar 4

5.1.5 &%
FI* A E L DVA h TR st > @ BRI T F s A s R AT
BEife g p2 AL €7 0 R &R UFET DIA S5 Bl v v e st

Fie 7L B BA T E o T B Lo R0

9

Jo

MELP i 5 i 8 % 4 s B8 1 Bt i 4e 8 (5 40F B/ AFE 2 DMA 4 » % £ 8

CF AT E A T G s T MELP P10 B AR & S lcenE o £ 5D
o d IER DA 7 X chff CEEAFRR > AT AT B4 AT E A DA
PET B EFRETRAES DS oREPEDEILE A T nE PR

AL RE it 4
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# 5-5: AE A DMA i fjAF AR £

664408

033827 174851

136482 31553 41010

80% 94% 76%
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5.2 H * ¥

9.2.1 K3Hindz

i% P& % 7CIC Cell-Based Design Flowz 3/ 48 » &K 3hin424e ™

Specification

y Y

Assembler C++ Instructions
Design VB Design
TEXT Editor
v

HDL Code SRAM

Design BIST

v Syntest
HDL

Simulation

ModelSim

HDL & Scan-Chain
Synthesis

-UMC18 Design Kit
Design Compiler

DFT Compiler
Gate level
Simulation ModelSim
Auto
Place & Route SOCEncounter
Post-layout
Simulation ModelSim

DRC & LVS I Calibre

Bl 5-11: & ¥ 3k3-inde
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5.2.2 &£ =%

A 8P 7 ap k3t > 2 Verilog A M4y i3F 5 % 1£[29]  #5p2 Mentor = &
e ModelSim & (77 it Bk3d o (F# i BB L F{s > 2 Synopsys = & &0 Design
Compiler £ §# & 2[30] > Library @& * UMC 0. 18um ##2 - &d & = #icky

Design Compiler & = {8 » B & % 4o

# 56 s e
ITEM Area (mm*) | Timing Fault
coverage
Processor+SDMA | 1355414. 875 | 7. 53 ns 97.35 %
5.2.3 1 BB ik
# * Cadence = # 411 S0C Encounter ik x4 [31] » #-£& {8 eh T Bic A

fo o T RIpERNE R B A E YR E AT
CHIP name - SD297

Technology : UMC 0. 18um 1P6M CMOS

Package : 208 CQFP

Chip Size  :3.5x 3.5 mm’

Gate Count : 126K gate count

Power Dissipation :~200mW
Max. Frequency $128.5 MHz
i@ * Prime Power & ¥ 5 » BaSk 7 v P3R4 » F T 45 5 X

400mW - 4@ 5-12 > 5 & & % %[ > B 5-13 & & * =5 H » 4 208-CQFP

Xgowo
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PAD

pro_mem
data

46:53

Core VDD
Core VSS

PAD

pro_mem
data

54:62

Core VDD
Core VSS

PAD_pro_memData 63

PAD
Device_Int
0:3

PAD_SCAN_IN
PAD_SCAN_EN

PAD_BistMode

PAD_BCLK
PAD_LRCLK

10 VDD
10 VSS

PAD_SDIN
PAD_SCAN_OUT

BistFail

PAD_CLOCK

PAD RESET |l§

PAD_Finishl

PAD_ErTMAP_A
PAD_ErrMap_B

PAD_SDOUT

PAD_IO VDD
PAD_IO VSS

PAD_BCLK_out

PAD_LRCLK out |l

PAD
Prdata
0:5

PAD
Pre_mem
data
0:10

PAD
Pre_mem
data
23:34

PAD
Pre_mem
data
35:45

n
%

B 5=12: i

T B i

////////////////”

N

_.—u.'-.l“ |

'|"'I‘F

-n..””‘

B 5-13: 20

II?':':':':'I'E\\\\\\\\\\\\\\

8 CQFP $= 5[l

67
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PAD
Pinl
4:11

Core VDD
Core VSS

PAD
Pinl
12:15

PAD
pro_mem
address
0.4

Core VDD
Core VSS

PAD

pro_mem
address

5:14

10 VDD
10 VSS

PAD _pro_mem_address 1

PAD
Paddr
0:7

10 VDD
10 VSS

PAD
Paddr
8:11

PAD
Penable
0:3




Mmom is Fenim hB%kEIRAe o @ * CalibresDRC (Design Rule Check) %
LVS (Layout VS Schematic) » k3 & % o
BBB H;{;L%ﬁ»'ﬁﬁi 5—7 °

Fo 5T FRIRE

Entry Description

Architecture 9-stage pipeline and RISC

Clock(expectant/Pre/Post)|100MHz/102. 3MHz/128. bMHz

Process / Supply UMC 0. 18um 1P6M Mixed Signal / 1.8V

Power Consumption 200mW

Embedded memory RAM(512x32)x2  RAM(1024x64)x2
RAM(1024x6)x2

Gate count / Die size 126k / 3.8 x 3.8 mm2

[/0 Bus AMBA Ver. 2.0 only APB

Audio Interface 12S (Inter-IC Sound)/ External mem. on
APB

DMA gate count 41k

DMA channels 2 (offer 8 1/0 requirements)

DMA special function ALU ‘with Multiple Addressing and
DataPath

0. 3 P VR

Hoo by fEsEARE P DMA F2HI B [31]032] 0 % o ARM 5 AMBA ®in gt G
Ao P SR Bt o R S LIPS P w A BRI
= i@éﬁf@ﬁﬁ]ﬁﬂé‘é 4 o ARM & 2 $43% DMA #p41®B%k3 > %7 2§ F 4 (LLD)
B e Ak PRI DA AR 2R DA ER > £ F R ETHE

U LSS LA B M Sk S S . S

ﬁ?%%ﬁﬂﬁﬁﬁﬁﬁ’%?%iﬁﬁﬁﬁﬁﬁo
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% b-8: &% g F DMAC it i
NCTU FARADAY GLOBAL UNICHIP
This Work FTDMAC020 | UAPC-5110 UAPC-5100
Channel 2 8 3 2(8)
Request 8 8 3 4(32)
Transfer M-to-M M-to-M M-to-P M-to-M
Type M-to-P M-to-P P-to-M M-to-P
P-to-M P-to-M P-to-M
P-to-P P-to-P
Addressing Incrementing Chain Incrementing
Non-Increment Transfer Non-Increment
Circuit Wrap-incrementing
Mirror
Index-Based
Bit-reverse
Operating DIV None None
Function Barrel shift
MAC
Data Path Butterfly None None
VQ
¥ - BATE D DMA cngF BLAE B i 4 oV ALUE B H Ao 2 g2 B o 1
FENEE S B4 Bl o e f TS T O RIE B U BLRJE

EY

FTa 0 LR R EWER DMA B E D B AT R S F i B A

a0 B HE

Booom o kg i

%

~m

LA ACT)

T E 4] DMA AT

FERBREE AR EEaiE o S gD AL RiE

w -

¥ FFT

'

B%mw Rt ]P>

d i *‘ﬁ VUK 2R Benddke 4o Order ~ Level ~ Stage 22 M_Paths #& > 3%

£4) DVA ehF K8

L i o

e A A
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5.3.1 7 @@V_i;;

D AR e BT Y RILE e —ar DMA feAST B AT £ 3] DNA
higdh odrd 500 BP AZLTE % - BRISERM OB AT F 2 BN IR
o T A AEHRT o DMA G TR AR - Ko A AR A R
B @R AL E S I R A AT FA g Y R
SR @ﬁl?’igé o % 5-10 % 7+ =~ & # (Bit-Reverse) sn@ at o3¢ - # i
RAF A AR RGBT R AR o AP - &
DMA 4% crmc X 4% B o

%059 TR @ &

cycle count Performance
12000 [
100001 O Processor+DMA

M Processor+SDMA

8000
6000
4000
2000
0

Ato A AtoB AtoB AtoB
circular mirror
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% H-10: =~ K ﬁ?#’l@ﬁ%\]*iﬁ %

cycle count ) Performance
50000 M Processor+DMA
40000 | Bl Processor+SDMA
30000 }
20000
10000

o

D.3.2 FHE X >

PUTE R 3 T AE Y it o 4 B 5 I AFE A DMA =ik e 2 eh
e B T BB B ) A E AN DNA il WiE B TR BT A F R
AW EE R ITT » 2 5 o BB B reid ki v i o

[ e R N

PHRTAILE Y - DA 7 A BB R R N R R ek
5-11 #+5 o
# 5-11: FHEE % £
cycle count Performance o
25000 ‘
| O Processor+DMA
20000¢ 7
| B Processor+SDMA
15000

10000
5000
0

Inner Linear 1D-DWT DCT36
Product Convolution
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B LEFFT#E
# 5-12 ¢ FFT »zae vt 2

cyele count Performance

O Processor+DMA
B Processor+SDMA

1024 512 256 128 64 32

|
o

B §F LR

Order-10 Order-5 Order-2

Performance

5.3.3 H # AT B i

4o 5-14 #r57F » B H AT Bl i 256 B FFT »oa 213 B o
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% 5-14: % e 88 Lt i [33]

Device Speed 256-point FFT benchmark
MHz

ADSP-218X | 75

DSP16410 170

TMS320C54X | 160

©320VCh49 | 100

ARMTTDMI/ | 70

Piccolo

DSP1620 120

This work | 125

Execution time . 20 40 60 80 100 120 140 160 180 200

Execution cycle . 2K 4K 6K 8K 10K 12K 14K 16K 18K 20K

(us)

(cycles)

¥ ek 22 TICH4x e fert e & 5-15 o
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7 5-15 & TI a2 vt i

TIC54X Proposed

Design
S-P - Com MAC 8 cycle 1 cycle
S-P - Real MAC 1 cycle 1/2 cycle
R2 Butterfly 8 cycle 9 cycle *
S-P Com Bit-Revise | 3 cycle 2 cycle
Convolution 1 cycle 1/2 cycle
Hardware Image/Video MSVQ Paths
Accelerators Extension
External RAM Type | Async SRAM
Support SDRAM

¥ include Scale shift & load/store memory

%8 f paper[ 2]t o a2 e B ATEA DMA (8% ¢ BT S AR o

7 5-16 : pay 82 = At

ITEM 50-taps FIR 50-taps 1K Complex Gate
100 samples | complex FIR, FFT Count
100 samples
This Work 11200 24000 53427 136K
(cycles) (cycles) (cycles) (Include
VQ IP)
A 32-b RISC/DSP 12200 22000 45000 210K
Microprocessor|[2] (cycles) (cycles) (cycles)
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EN
e
i % i1 32-bit RISC A2 B 22T 7 60 16-bit/32-bit DSP # & » 5 - B4 4F
TR e RJLE RS R MmN F R o A E ) DVA e
WEF S L RISC/DSP & A AL H o #RaEI v B R EREPER
R gEiE s HE TR T S RS AL E avtic o FE 3 DA #f @R EE Y
S LR FES U IS RO IR - R L SR Sl
By L BEE e pE AL R AT R R B R AR 2 4
FHEHS P ERISCHE 2 B RILFFRNEF T -
A DA g8 Aot i & R hrt i BB P RSt BT
FEEE o R I E S RILATE o TP Z fE f1F 5
(DA% A7 £ DIA @ L@ ak ko g2 ALU 0 e B £ 77 > 7 3 7 A 2w
gk B 4riF E o
(2)F13 &3] DVA ehiz~ X @l mitst o i FE-d 47 = TR L L4 1
B0 L5 AP E A DMA AZ ALU enfS B RS R ig ii® § o
(e sl EIoF pF > 1% FEA DMA o 3vzelaty FenFd i 4 > Bt
BRI et BOBARAE R F e FLaY
A% & D enRISC/DSP BUT B uif 45033 0B - B B E ¥ 3 &
UL R A4S T b SRR R £ A U H

ORI B LT A BH T 4o FFT 2 FIRSPFHR 7% AFF R

2O HAEES B SR U AR A DA T B
R4 BIP» FIPV A k7 B 4e— 5% @ ch®in e AB bus » & fteid [P &2
PRtce A T OSBRI BN A o d M DMA ¥ A
Bo¥ b adrEa DA e p AT 4 + o 31 2 AP Ak AT E
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3] DMA P ¥ 3§ 4 2 F f5 HEHS 03 Prie AR 0 E S (DRAMD - Ap 0 #F G A48 5 Pese
fRA(SRAM) » F A3 Mz P 3 F B 828 432 R 1 7 4 SRAN
P B BA N A MR

Ame k- #f % RISC RJL B F &0 £ k™ & MELP 3% 5 R égiw & 2
oo faAMELP = BiEE B¢ i 3 0 AR CFEF T0%LF o AR
Brd PP (CIC) T4 A RpL3pfh ¥ 7 * M= Aeh¥H %o RISC/DSP ad2

ke n o0 TIPS M Ak o 5 - B SOC i s e
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