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The Trimedia VLIW-Based PCI Multimedia Processor

The Trimedia VLIW-based PCI
Multimedia Processor System

Gerrit Slavenburg - Philips Semiconductors
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TM-1 configurations
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TM-1 Functional

hardware

Video DMA in:
» CCIR601/656 YUV 4:2:2 input
+ horizontal scaling by 1:1 or 2:1
Video DMA out:
+ CCIR601/656 YUV 4:2:2 out
<+ horizontal scaling by 1:1 or 1:2
<+ graphics overlay (alpha blending)
Image co-processor
< memory-to-memory
<+ memory to PCI windows, with YUV to RGB
<+ V resizing, H resizing
VLD co-processor
<+ memory-to-memory de-tokenize
+ MPEG-2, MPEG-1 slice/time

hardware

Audio DMA in/out:
» 8 or 16 bit
+ mono or stereo
+ programmable 0 - 80 kHz sampling

software
multi-tasking in C on DSPCPU:

+ compression (any standard)

+ decompression (any standard)
+ 3D graphics

< system control

<+ PC API support

using powerful custom multimedia
operations

TM-1 Highway Arbitration

<+ software assigns bandwidth to each master

<+ every master is guaranteed:
— minimum bandwidth as assigned

— associated max. latency

< all unused bandwidth is available:

— to the DSPCPU/caches within 1 cycle

— to any other master within a few cycles from request
this is an essential function for audio/video
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Image Co-Processor capabilities

N )

+ unlimited number of

live video windows

+ arbitrary H & V scaling
using quality filters

+ can drive RGB or YUV
graphics cards

+ up to 50 Mpixel/sec refresh

Audio/Video synchronization

Video In : camera/outside world is pixel clock master

Video Out : programmable 10 MHz - 38 MHz, resolution 0.02 Hz
(very low jitter synthesizer)

Audio In,

Audio Out: programmable 256 or 384fs of 0 - 20 MHz, 0.02 Hz

Synchronization is achieved by software PLL’s that vary the sampling
frequencies/phase by minute amounts. This powerful method is universal
and avoids application specific external hardware.
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TM-1 DSPCPU block diagram

Instruction
issue
register

TM-1 DSPCPU functional units

Functional Unit Quantity Latency Recoverv Time

constant 5 1 1
integer ALIT] 5 1 1
load/stare 2 3 1
DSP ALU 2 2 1
DSP MUL 2 3 1
shifter 2 1 1
hranch 3 3 1
int/float mul 2 3 1
float AT.TT 2 3 1
float comnare 1 1 1

float sart/div 1 17 16
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TM-1 instruction format

+ 5 operations issued every clock cycle (10 nSec)

+ Functional units are pipelined -- each can start one operation per cycle

+ Issue slots are “guarded” for branch avoidance, delay slot utilization

+ Interruptable opcodes facilitate lightweight context switching

+ Instructions compressed in memory and Icache, decompressed on the fly

iadd

IF R48 iadd R49 R99 Ri121

Trimedia programmer’s model

registers I il e

programmable base

programmable base
i -
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Trimedia operation examples

Typical 32 bit RISC CPU operations
+ Integer, unsigned, logical, floating point (32 bit IEEE compatible)
< Conditional branches
< Loads/stores with address modes

Typical 8, 16 and 32 bit DSP operations
< Saturation arithmetic (add, multiply-add, ...)

Branch-avoiding operations
< Min, max
<+ Select one of two operands depending on a third
(implemented as branch-free three-operation sequence)
35 Multimedia-enhancing operations
<+ me8(abcd,efgh) la-el + Ib-fl + lc-gl + Id-hl  (motion estimation)
+ firt6(ab,cd) Dual multiply-add -- ac+bd (FIR filters)

<+ quadavg(abcd,efgh)  ate+1 \ M, <=+9+1, d_”g‘;lsubsampling filters)
2 2 2

TM-1 DSPCPU key features

<+ dual bytesex, determined by PCSW flag

<+ byte addressed memory, natural alignment required

< speculative loads & floating point supported

<+ precise IEEE exceptions, even when using speculation
<+ 5 ops/cycle, sustained

+ conditional (guarded) execution of each operation

<+ compressed, byte aligned VLIW instructions

< vectored interrupts, zero overhead enter/return

— compiler inserts interruptable points

— CPU can handle simple interrupts at > 100 kHz with low loading
< instruction & data (address/value) breakpoint hardware

< level-1 boot from I2C resident serial xxROM
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Example TM-1 (simplified to 3/cycle)

cycle

101  #13—-ril 1d32 r12(4)—r13 me8 r101,r100—ri4
102 ileqril,ri5—ril  iaddirl2,220—r17 #LABEL—-r18

103 rll:st32r12(8) r14 1d32x r17,r19 —rilé cjmpt r11,r18

104 bitinv ri1—r21 ril:st32 r12(12) ri3 ril:me8 r99,r98—r42
105 r21:st32r12(12) r17 r21:fir8 r101,r102—r23 rill:me8 r97,r96—r43

106 r21:#1234—r1r24 r21:fir8 r103,r16—r25 rll:me8 r95,r94—r44
107 fir8 r104,r105—r26 fir8 r106,r107—r27 iadd r42,r43—r45

107 me8r93,r92—rd45 me8 ro1,r90—-r46 #0000 —rl8

TM-1 system key stats

+ consumer electronics price level, ranging to sub $50
+ Early Access Program:

— software development tools (now)

— samples Q2 ‘96
+ application performance:

— MPEG-2 main level, main profile, 15 Mbit/sec.
Video+Audio+System decoding

— H.320 codec Video+Audio

— H.324 codec Video+Audio+software V.34 modem

— any custom V/A algorithms with similar compute requirements
+ typical 4 W (@ 100 MHz, 3.3 V)
+ 0.5u CMOS, 4L metal with shrink to 0.35u to follow

+ available in 240 pin EDQUAD or SuperBGA package
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Software development

‘human assisted microcode compilation’

<+ sophisticated compiler/debugger environment

<+ compile, run, recompile for automatic fine grain
parallelization

<+ programmer feedback (where is time spent, where is
parallelism limited)

TM-1 Innovations

+ very high performance CPU on a chip at a consumer
price point
— enhanced VLIW architecture with conditional execution
— VLIW instruction compression : sub RISC code size
— multimedia operation set based on actual application ports
— zero overhead interrupt handling
— sophisticated compiler : profile driven program transformation and
instruction scheduling
<+ complete audio/video system + CPU on single chip
— software controlled Audio/Video synchronization )
— DMA mastering /O units
— DMA mastering co-processors (image & VLD co-processor)

<+ 100 MHz SDRAM interface, under worst-case conditions
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Trimedia

A “Family” of software compatible media processors
» continuous renewal of CPU cores
+» interfaces addressing different market segments (PC, settop, TV, ..)
» mainline & derivative product strategy
» a single architecture for all audio, video, graphics, communication, user-
interface and system control
Superior flexibility and programmability
<+ “Any” compression standard
» All programming in Standard C
+ Applications/libraries available for Audio, Video, Graphics
» SUN and PC hosted programming environment
+ Automatic fine-grain parallelization
Sophisticated source-level debugging of Device Under Test
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