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Abstract
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(digital signal processor;
DSP) ( MMX )
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314 MHz ( CIC
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52mw physical

synthesizable Verilog RTL cycle-accurate  SystemC model Seamless CVE model
CIC EASY (Example AMBA System) EASY
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RISC DSP

(standalone)

RISC

DCT FFT linear filters

DSP 8KB  ping-pong mode
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Har dware Architecture

DSP Core

Instruction Memory
(8K Byte)
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2.2. (Data Memory)

Data Memory

Bank 0 Bank 1
(4K byte) (4K byte)
< Block #1
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bus | Block#3 (computing) engine
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Ping-pong
switch
Data Memory
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System (resul Block #3 Computi
):)uzm Block #4 (cor?:;)uting) (:anr:gilrj\éng
"1 (operand)
Ping-pong mode
8K byte 4K byte ping-pong
mode (system bus)
bank
bank 1 block #2 bus bank O block #1
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block #2
block #4 block processing  stream processing ping-pong
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2.3. (System Controller)

FSM (finite state machine)

¢ |IDLE

DSP

4 PINGPONG_SWITCH

Ping-pong mode bank

€ RUNNING

DSP
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(reset)
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Control Register

Bit width

Comment

25. AMBA

CL 9 Instruction length to execute
CSA 9 Instruction starting address
OBL 8 Number of operand per iteration
IOBSA 11 Operand starting address in data memory
IOBSAINC 5 Operand starting address increment per iteration
RBL 8 Number of result per iteration
IRBSA 11 Result starting address in data memory
IRBSAINC 5 Result starting address increment per iteration
ITRN 8 Number of iteration per block
BN 8 Number of block per data memory bank
DATA_VALID 1 Data valid signal
ACCESS 1 Bus accessing signal
TMODE 2 2D transpose mode signal
BUSY 1 Computing engine busy signal
EXCEPTION 1 DSP core exception signal
(Instruction Memory)
8K byte AMBA bus
128
32 128
bank bank
32 bank
(AMBA Slave Interface)

AMBA Slave interface
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Pin name Pin width Direction Comment
HCLK 1 Input AMBA system clock
HRESETn 1 Input AMBA reset signal active low
HADDR 14 Input AMBA address
HTRANS 2 Input AMBA type of transfer
HWRITE 1 Input AMBA transfer direction signal
HWDARA 32 Input AMBA write data
HRDATA 32 Output AMBA read data
HREADYin 1 Input AMBA transfer ready signal
HREADYout 1 Output AMBA transfer ready signal
HRESP 2 Output AMBA transfer response
HSEL_DSPlite 1 Input AMBA slave select signal
im_MemGroupSel 1 Input
im_BistMode 1 Input
im_BistFail 4 Output Instruction memory BIST signals
im_ErrMap 4 output
im_Finish 1 output
iob_MemGroupSel | 1 input
iob_BistMode 1 input
iob_BistFail 4 output Data memory BIST signals
iob_ErrMap 4 output
iob_Finish 1 output
SCI 1 input
SCO 1 output
Scan chain signals

SCTM 1 input
™ 1 input

8KB

Ping-pong

8KB




sieisibay 010D

Instruction memory section
(8KByte)

Data memory section
(4KByte visible)

OBL[7:0] IOBSAINC*

CSA[8:0]
I0BSA[10:0]

RBL[7:0] IRBSAINC*

*IOBSAINC[4:0], IRBSAINC [4:0]
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IRBSA[10:0]

14'h0000

14'h2000

14'h3000
14'h3004
14'h3008
14'h300C
14'h3010
14'h3014
14'h3018
14'h301C
14'h3020
14'h3024

14'h3FFF



Satic Floating Point Arithmetic

3.1
(1)sign (2)exponent (3)mantissa sign
exponent (normalize)
(fractional number) mantissa
|IEEE754
2-128 2127 24
31 30 23 22 0
‘ S ‘ exponent ‘ mantissa ‘
1 bit 8 bits 23 bits
IEEE754
exponent  mantissa
mantissa mantissa

mantissa
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Floating-point Addition

1. Shift the mantissa to align the exponent part of two numbers
2. Add the mantissas

3. Normalize the sum, checking for overflow or underflow

4. Round the sum

()
Floating-point Multiplication
Add the exponent without bias
Multiply the mantissa
Normalize the product, checking for overflow or underflow
Round the product
Obtain the result’s sign

agrwNE

(b)

(scale down) 256
7-tap FIR [-0.0645, -0.0407, 0.4181, 0.7885]
24 8 3 FIR
13 2B [-528, -333,

3425, 6459] 13

(fractional number) mantissa

exponent
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3.2.

(N+1) (fractional)

(two's compliment)

(alignment)
N-bit
fractional
—» >N——
(N+1) N
N (N+1)
——— Right shift 1-bit——— — Right shift 1-bit————
[ TTTTTT ] [ LTI
truncated
op LT JEEEEEREE
[ LT T[] LTI T
N-bit adder (N+1)-bitadder
LI
Round to N-bit
(a) (b)
(aN ; (O)N+1
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sign bit &—— fracton ———>

CLITTITT]
X radix point
) LT T T TTT]
\LHI\LHHH\
3.3.
(SDFG, synchronous data flow
graph) (edge)
)
2
3 (4)
3.4. (PEV Analysis)
(edge) (node)
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(magnitude) r (radix)

exponent M 0.5~1

L 2 r
€ [My, r]x[Mg, r3] = [M1xMpy, r1+13]

® M : “M divided (multiplied) by 2 when r minus (plus) 1"

M 0.5~1

[10] —»[0.5-1]
}9»[1.5 -1] —[0.75 -2]

[1-1]

[0.8 0]
}@—» [0.48 -1] — [0. 96 O]

[0.6 -1]

3.5. AffineForm

(correlation) (over estimation)
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affine form

affine form

(weight)
[Wo w A Wn]

Wo... Wy 0..n w

M affine form
M=) |w|

( ) affine form affine form

( ) affine form affine form

affine form [w, w, w,]

[100]

[10] Ml -1]
[010] [101]
[10] —<: 011 ﬂ®—> (-1

[10] _[ooy ~ [1-1]
AN

PEV [M1]

affineform

affine form y affine form
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3.6.

A+B

B[1 -1]

AL 0]
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Software Gener ation

SDFG Simulator

FP (floating point) to SFP (static floating point) Converter with saturation arithmetic

ILP-based Scheduler

Instruction Generator

. " SDFG
Floating-point SDFG € Simulator
A
Functionality?
v
SFP L, Floating-point to static
Configuration floating-point (SFP) converter

SEP SDFG Precision?|
Wordlength?
DFG structure?

2 > ILP-based Scheduler
Configuration

Scheduled SDFG

Memory

5 . —»  Control Signal Generation
Configuration

y
Micro-instruction

Micro instruction Compiler

21



4.1.

4.2.

4.3.

(exponent)

(ILP; integer linear programming)
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Xp.0t X0+t x02=1

X0+ 2x01+3x02-2%x27-3%x22-4%23-5%x24=-1

register file register file

Xoot X101 X0t x11<1; x02Fx12=1;

ILP (Lindo)

4.4.
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Simulation Result

and Hardware I mplementation

5.1.
I1JG (Independent JPEG
Group)’s JPEG source code 8x8 DCT 16
32 affine form
16
/Algorithm Kernel Cycle count PSNR (dB)
Single precision FP 672
16-bit fixed-point integer 848 33.2220
32-bit fixed-point integer 672 36.0981
16-bit SFP 688 38.1165
24-bit SFP 688 62.1439
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) AnalogDevicelnc. ADSP-218x
ADSP-218x

Algorithm Kernel ADSP-218x Proposed DSP

(< 160MHz) Core (314MHz)
3" order lattice filter 32 12
2" order biquad filter 13 16
16-point complex FFT 874 268
8-point 1-D DCT 154 43
8x8 2-D DCT 2,452 688
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5.3.

DSP CIC UMC 0.18um CMOS
Technology UMC 0.18um 1P6M CMOS

Core size 1.5x 1.5 mm®

Transistor/Gate Count 197655

Power dissipation 52 mW

Max. frequency 314 MHz

On-chip memory size

16KB (8KB data / 8KB instruction)

DATA Memory

(8KB)

AMBA Interface

System
Controller

Instruction Memory
(8KB)

Computing
Engine
with SFP
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Conclusion

RISC

DCT FFT linear filters ( ) Anaog

Device Inc. ADS-218x DSP 3

8x8 DCT 24

PSNR 62.1439 dB

CIC UMC 0.18um CMOS
cell-based design flow 314 MHz coresize  1.5x1.5mm?
52mwW physical
synthesizable Verilog RTL cycle-accurate  SystemC model Seamless CVE model
CIC EASY (Example AMBA System) EASY

JPEG encoder
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