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m Architecture

» 8-way VLIW DSP processor » Non-interlocked pipelines

> RISC instruction set » | oad-store architecture

» 2 16-bit multiplier units » 2 multiplications/cycle

» Byte addressing > 32-hit packed datatype

> Modulo addressing » No bit reversed addressing
m Applications

> Wireless base stations » Videoconferencing

> xDSL modems » Document processing




Arithmetic L ogical Data
ABS AND Management
ADD CMPEQ LD
ADDA CMPGT MV
ADDK CMPLT MVC
ADD?2 NOT MVK
MPY OR MV KH
MPYH SHL ST
NEG SHR
SMPY SSHL Program
SMPYH XOR Control
SADD B
SAT Bit IDLE
SSUB Management NOP
SUB CLR _
SUBA EXT Cox Instruction
SUBC LMBD Set by Category
SUB?2 NORM (un)signed int/fixed multiplication
ZERO SET saturation/packed arithmetic




S Unit L Unit .D Unit
ADD NEG ABS NOT ADD ST
ADDK  NOT ADD OR ADDA SUB
ADD2 OR AND SADD LD SUBA
AND SET CMPEQ SAT MV ZERO
B SHL CMPGT SSUB NEG
CLR SHR CMPLT SUB
EXT SSHL LMBD SUBC -M Unit
MV SUB MV XOR MPY SMPY
MVC SUB2 NEG ZERO MPYH  SMPYH
MVK XOR NORM
MVKH ZERO Other

NOP IDLE

Co6x Instruction Set by Category

Six of the eight functional units can perform
add, subtract, and register move operations




m Difference equation

y(n) =2 x(ny,n,) + 3 x(n;-1,n,) + x(ny,n,-1) + x(ny-1,n,-1)

Mé-l M&-l
m Flow graph yin,n)=a a am,m) x(n - m,n,- m,)
m,=0 m,=0
0100 a(m;,m,) x(ng,n,)
0| 2|1
o3 |1

r’ m, r’ N,
m, n, (rows)

m Vector dot product plus keep M, rows in memory and

circularly buffer input




m Store M, x M, filter coefficients in sequential
memory (vector) of length M =M M,

m For each output, form vector from N, x N, image
1 M, separate dot products of length M, as bytes
2 Form image vector by raster scanning image as bytes

3 Form image vector by raster scanning image as words

| mplementation

> Throughput
(samples/cycle)
Data read at
one time

Raster scan (bytes)




, registers: A5=&a(0,0) B5=&x(n;, n,) B7=M A9=M, B8=N,
fir2dl W .D1 A9, A2 , I nner product |ength
| | SUB .D2 B8,B7,B10 ; offset to next row
| | CMPLT.L1 B7,A9,A1 ; Al=no nore rows to do
| | ZERO .S1 A4 , Initialize accunul at or
| | SUB .S2 B7,A9,B7 ; nunber of taps |left
— firl LDBU . D1 * A5++, A6 , load a(nl,nR2), zero fill
| | LDBU . D2 *B5++, B6 , load x(nl-ml, n2-nR)
| | MPYU . MLX A6, B6, A3 ; A3=a(nl, n2) x(nl-nil, n2-nR)
| | ADD .L1 A3, A4 A4 ; y(nl, n2) += A3
|| [A2] SUB .S1 A2,1, A2 , decrenent | oop counter
— | | [A2] B .S2 firl , If A2 1= 0, then branch
W  .Dl1 A9, A2 , I nner product |ength
| | CMPLT.L1 B7,A9,A1 ; Al=no nore rows to do
| | ADD .L2 B5,B10,B5 ; advance to next | nmage row
|| [! Al] B .S1 firl , outer | oop
| | SUB .S2 B7,A9,B7 ; count nunber of taps |eft
, AMd=y(nl, n2)




regi sters: A5=&a(0, 0) B5=&x(n, n,) A2=M B7/=M, B8=N,
r2d2 SUB .D2 B8,B7,B9 ; byte offset between rows

fi

| | ZERO . L1 A4 , Initialize accunul at or

| | SuB .L2 B7,1,B7 ;, B7 = nunFilCols - 1

| | ZERO .S2 B2 , offset into i nage data
—» fir2 LDBU . D1 * A5++, A6 , load a(nl,nR2), zero fill

|

| LDBU . D2 *B6[B2],B6 ; | oad x(nl-mnil, n2-nt)

| MPYU . MLX A6, B6, A3 ; A3=a(ni, n2) x(nl-ni, n2-nP)
| ADD .L1 A3, A4 A4 ; y(nl, n2) += A3
|
|

f
|
|
| :
| CWPLT. L2 B2,B7,Bl1 ; need to go to next row?
|

ADD .S2 B2,1,B2 , Incr offset into i mge
['Bl] ADD .L2 B2,B9,B2 ; nove offset to next row
| |[A2] SUB .S1 A2,1,A2 ; decrenent | oop counter
— | | [ A2] B .S2 fir2 , 1f A2 1= 0, then branch

, AMd=y(nl, n2)




, registers: A5=&a(0,0) B5=&x(n, n,) A2=M B7=M, B8=N,
fir2d3 ZERO .D1 A4 , initialize accunul ator #1
| | SUB .D2 B8,B7,B9 ; index offset between rows
| | ZERO . L2 B2 ;, offset into i nage data
| | MVKH . S1 OxFF, A8 ; mask to get lowest 8 bits
| | SHR .S2 B7,1,B7 ; divide by 2: 16bit address
ZERO .D2 B4 , initialize accunul ator #2
| | ZERO . L1 A6 ; current coefficient val ue
| | ZERO . L2 B6 , current 1nmage val ue
| | SHR .S1 A2,1, A2 ; divide by 2: 16bit address
| | SHR .S2 B9, 1, B9 ; divide by 2: 16bit address

| nitialization




~—»fir3 LDHU . D1l *A5++, A6 ; load a(nml, n2) a(nl+l, nR+1)
| | LDHU . D2 *B6[B2],B6 ; |oad two pixels of inmge x
| | CMPLT.L2 B2,B7,B1 ; need to go to next row?
| | ADD .S2 B2,1,B2 , Incr offset into I nage
AND .L1 A6, A8, A6 , extract a(nil, nR)
| | AND .L2 B6, A8, B6 , extract x(nl-ml, n2-nR)
| | EXTU . S1 A6,0,8,A9 ; extract a(ml+l, n2+1)
| | EXTU .S2 B6,0,8,B9 ; extract x(nl-nl+l, n2-nR+1)
MPYHU . MLX A6, B6, A3 ; A3=a(nil, n2) x(nl-nil, n2-n)
| | MPYHU . MX A9, B9, B3 ; B3=a*x offset by 1 iIndex
| | ADD .L1 A3, A4 A4 ; y(nl, n2) += A3
| | ADD .L2 B3,B4,B4 ; y(nl+l, n2+1) += B3
|| [!B1]ADD .D2 B2,B9,B2 ; nove offset to next row
|| [A2] SUB .S1 A2,1, A2 , decrenent | oop counter
— | | [ A2] B .S2 fir3 , If A2 1= 0, then branch
, Ad=y(nl, n2) and B4=y(nl+l, n2+1) Main Loop




m Encoder
» Breaks image into 8 x 8 blocks
» Computes DCT on each block
» Quantizes DCT coefficients

» Huffman encoding of coefficients

m Decoder

» Huffman decoding
» Inverse DCT




m 1-D DCT of sequence x(n) defined on nin [0, N-1]

- 2n+1
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m 2-D DCT is1-D DCT applied in each dimension

m Executiontimefor 1 8 x 8 block of 16-bit values
» 230 cycles for inverse DCT and 226 cycle for DCT

> www.ti.com/sc/docs/products/dsp/c6000/62bench.htm




m Used sourcecodein The Data Compression Book
» Not a full-featured JFIF reader/writer

» Realizes JPEG core (DCT coefficients, Huffman codes)

m Modifications to source code
» Image is stored in 64 x 64 global array at 16 bits/pixel
> Used 64 kbytes of on-chip RAM
» Image data is loaded at startup into memory

» Replaced file I/O routines with memory accesses

B Implementation
» Parallelizable loops (DCT)

» Control dominated code (Huffman coding)




% of total cycles

JPEG Encoder JPEG Decoder

2
]
©
>
o
g
=
IS
=S
initialization DCT Encoding initialization ~ Decoding IDCT
Sub-task Sub-task

75-80% of execution timeis spent on Huffman coding

http://www.ece.utexas.edu/~bevans/hp-dsp-seminar/benchmark JPEGC6x. pdf




m Assembler optimizations
» Assign functional units
» Pack and parallelize linear assembly language code
» Software pipelining
m Compiler optimizations
> Allocate registers

> Software pipelining

m Simulator




m Integrated software development on PC and Unix
m C2x, C3x, C4x, C6x supported; C54x in October

B Animated run with graphical signal display

m Interactive profiling analysis and debugging

m Open plug-in architecture

m Full multiprocessing support under Windows

m Uses Tl C compiler and assembler

m Probe point support for file 1/O

m Real-time data exchange (JTAG) 20 KB/s for C6x
m Scripting language to add new GUI features

m Freetraining available from San Jose office




m Daytona Spectrum Signal C6x Board

2 200-MHz TMS320C6201 VLIW DSPs (3200 MIPS)
32 kB shared dual-port RAM for message passing
512 kB of Synchronous Burst SRAM per processor
16 MB of Synchronous DRAM per processor
Processor Expansion Module provides 400 MB/s

Hurricane PCI bridge
DSP~LINK3 I/O interface from processor Node A
http://www.spectrumsignal.com/
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http://www.spectrumsignal .com/catal og/Daytona. pdf




m 133-MHz
C6201

4

4

256 kB
133-MHz
BSRAM

8 Mb
100-MHz
SDRAM

PCI bridge

» ITAG
16-bit
audio
DAC

4

Dual clocks
External JTAG | (33.25/40 MHz)
header -
Y
CLKIM
T CEO 64K x 32
- "l JTAG emulation | "
TMES320C6201
BARY f8701 CE> 1M x 32
‘BAH4 N PCl target . A Hpt Dsp > SDRAM
“ * HPI * * {bank 0}
EMIF J=
CE3 1M x 32
External power - SDRAM
17 connector (133160 MHz) {barik 1}
PCI 52w
bus ! Voltage | Voo CE] .
reguiators McBSP1/ Ly Expansion
fimers memary interface
RST McBSPO
Voltage -
SUpanvisor
- Expansion
] peripheral interface
~ FIFOs PCI master CE1
- ' EMIF intarface [ L] * CE1
Stereo 16-bit WMIC and LINE INOUT
02 audio codec audio jacks
CPLD - | Programmaie CE1
ISE header logic s LED indicators
(12) - Miscel
User-option -+—» Miscellanaous control
DIF switches .
www.ti.com/sc/docs/tool s/dsp/tmds3260a6201.html




m Bottleneck for multimedia applications on C6X iS
bit stream parsing and variable-length decoding
» Bit management routines are only available on S unit
> 75-80% execution time for JPEG
» 50% execution time for baseline MPEG-4 decoding

m |Integrated development environments

» Texas Instruments Code Composer
» Spectrum Signal extensions to Microsoft Visual C++

m C6x benchmarking for speech/audio applications

» D. Talla, L. K. John, V. Lapinskii, and B. L. Evans,
“Performance of Signal Processing and Multimedia
Applications on SIMD, VLIW, and Superscalar Arch.,”
1999 IEEE/ ACM Microarchitecture Sym., submitted.




m Web resources

> comp.dsp newsgroup: FAQ www.bdti.com/fag/dsp_fag.html
» embedded processors and systems: www.eg3.com

» on-line courses and DSP boards: www.techonline.com

> TI C6x benchmarks:
www .ti.com/sc/docs/products/dsp/c6000/62bench.htm
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