Improv Systems, Inc. 6/14/01

atoee

Configuring the Jazz DSP Core
for Application Specific
Requirements

Oz Levia
CTO

Multi processor SoC Summer School
France 2001

LM“‘#"W% IC Platform for Data
Oriented Applications

® Collection of Hardware and Software
blocks and IC-IP

" MPU, DSP, Memory, /O, I/F

" Embedded SW
¢ Application 'payload’
¢ Control, GUI, I/F
* RTOS

= Key: Row Capabilities & Integration
¢ Cost
* Power
* Function
¢ Performance
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Platform
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Platform: Requirements

Controt IIF

MPU ——

Bridge
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MPU: Fixed instruction set
* Run protocols, user interface and existing code base
e Low power
* Master- Provide RTOS level control and interfaces
DSP: Application Specific
* Application performance
*  Power
* Areaand cost
Memory: Bandwidth, power and area

10: Standard
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Focus On The DSP

In a platform, the DSP is responsible for data
processing, the options are:

Custom Logic

¢ High performance but inflexible

Standard programmable parts

¢ Known entity

* Compiler or Assembly code result in OK performance

* But, one size does not fit all.

¢ High cost.

Embedded DSP

¢ Similar to standard part,
¢ “Hard” embedded DSP are Fab captive

Multi Processor DSP

¢ Little or no compiler support
Other Solutions...
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The Goal

' Optimize a programmable DSP

core(s) in a platform to match the
requirements of an application

Custom programmable DSP with

Compiler and verification tools

Converge Quickly and predictably
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Requirements

Low power DSP

* Power consumption is an issue for embedded as well as standard
parts

High performance

* High volume of data processing
Programmable

* Changing application needs

¢ Time to market

* Reuse of IC IP and Application code
Flexible

¢ Fit application size and bandwidth
Easy to implement

* Preserve time to market

Development tools for application deployment
* Development, verification, debug and optimization
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W‘WV The Configurable Jazz DSP Processor

Syatems, Inc.

B Configurable VLIW DSP

Control
Unit

ARy ARy A

Task  — Instruction —— Decompressor
Queue Decode Block

DataCom Block

Variable number of Micro Operations (MOP) per cycle
Variable memory bandwidth

Utilizes about 1 sq. mm of die in base configuration,
Standard configurations similar to standard DSPs

Utilizes less than 0.5 mW/MHz in 0.18 um @1.8v (TSMC)
High performance at low clock speed using VLIW approach

Requires no custom cells for physical design
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S,M!"’fm,“ Jazz Development Tools

Map Application
to Hardware
Notation: Jazz Composer:
«Create and verify Application *Design Execution Unit

«Estimate performance Jazz :ges?gn jaZZ;szCSISSt?F
«ISS and board level verification . Composer esign Jazz atiorm

Your IC Generator Rehearsal
Implementation FPGA / ASIC based

Emulation Boards

Processor Executables

Algorithm &

Jazz Generator: IC Verification

*RTL Output
*Synthesis Scripts
*Timing Scripts
*Verification Files
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W Configuring the Jazz Processor

Control
Unit

Task  — Instruction —— Decompressor

Queue Decode Block

Select the type and number of MOPs in a cycle

Select the type and bandwidth of memory interface units (MIUs)

32-bit or 16-bit data path

User defined routing of operands via a “DataComm” connectivity matrix
Select a variable number of Registers

Option to incorporate instruction compression

Overlap Computational Units (CU’s) in any CU slot, and Memory Interface
Units (MIU’s) in any MIU slot

Insert custom- designer defined computational units (DDCU) for acceleration
Multi-cycle and Pipeline Cus

20 = Configure interrupt capability
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. ...and tomodify and customize the Jazz platfor

Notation  |<— Jazz Composer

1. Notation is used V 2, CEEET
to create, verify and
analyze
applications.

used to create or
modify a Jazz
Solo - |
Jazz Generator

Processor
+\/6. Jazz Generator

4. Results of
compilatio

optimize and
modify the
application...

«30+

3. Solo maps and
optimizes the applications
to a specific configuration

and generates object
code and profile
information

configuration and

to create custom
Accelerators

uses templates and
Configuration to
create RTL code
and Script files
needed for STA,

DFT and Synthesis

004

.obj
XXX

il

i:0)
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spums e Feedback & Information

" Feedback is used to pinpoint application
areas that require optimization...

® And the kind of optimization needed
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PSA
Multiprocessor PSA Configuration Jazz PSA
PSA® Structure Composer File Generator

Jozz

Jazz - A Jazz
Jazz Processor Configuration :
Cores Composer =1 Generator
. . DDCU
Designer-Defined DDCU Configuration
Computation Units Composer Files
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Sysbn . Composér Hierarchical Configuration

Jazz PSA
Implementation
Kit

Jazz
Implementation

Kit
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The Composer Tool
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a DSP Jazz Processor
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® GUI based tool for creating or modifying
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E,M‘ ** Typical Acceleration Blocks

" Designer Defined Computational
Unit (DDCU)
¢ Bit Stream oriented

Bit level operations

“Funny” Arithmetic

Multi-stage operations

> IDCT -~
> Filter
* SIMD
—_— DataCom Block
.} y 4

Task  —instruction —Decompressor
Queue Decode Block

Program Mem
(single-pumped)

Copyright © 2001 Improv Systems Inc. All rights reserved
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Systions fuc Example

" Starting point
¢ Application: VoP- G.726 with G.168.
* Target: Single Jazz DSP.

Compilation & feedback

* Baseline results
Modify baseline generic resources
* What to modify?

Compilation & feedback

* What was the effect of the change

Design and add custom resources
* Where to invest in optimization? Which optimization?

Compilation & feedback

16 1
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s b \JOiCE OVeEr Packet Codec

Encoder %  Output Far Signal

Near Signal G.726 Codec

Decoder — Input Far Signal

® G.726 Vocoder and G.168 echo
cancellation

® This is a portion of a larger application
* Targeted for the Jazz DSP

17
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® VLIW Jazz DSP
e Three ALU, one MAC, shift unit, four address units
¢ All available at each cycle

18
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First time out

" Compile application to target:

19
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Syatemas, linc Observe results

®" Running 1 Second Of voice sample (far and near end)

® Use the information to get an idea of where to look for
optimizations

- Total Cycles used in one second of
P ——T—— liiata processing, about 28 MIPS s
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. reer : ]
| — I T e L T R |
[T | ] | Engra| b | b | g
i B r o Turs i 1 [T] i B
Task by task break down of cycles — BB = T
used per invocation of task. P Sy — i o
y L Ka 1 B i M
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e Analysis- Where?

" Need a clear picture of what can increase performance
® | ook at tasks that are high percent users of cycles

JALAN - - 1
YL 4 I i

Analysis — What?

® Use information from the compiler: Which resources are
constraining the application performance

First look points to a MAC unit
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Analysis — Confirm!

" Observe your application and confirm your analysis: Add
a MAC Unit!

RO = TR Crersl | | a2
Orov VSLETTIS . A

g 200

w‘ e Modify the Jazz DSP

® Use Composer to add MAC

Copyright © 2001 Improv Systems Inc. All rights reserved
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New Jazz DSP

® One more MAC

Copyright © 2001 Improv Systems Inc. All rights reserved

spma e COmpile and measure

® Compile application to new target
® Observe results- we gained 10%

® Before: :
[V tterte] Db e mre | Foefims] cok tom Swmms |
THE The A Cnen W Caes LW
wacopmd | IR ) Hdigai [
F".' s e e JL
" After:
Uiy TORINIT B ¥ Jamir s
I.r.ru' :?‘H'III.H' isu:ll.:l' i i
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Did MAC unit really help
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bagaev  Analysis- Where else
can we improve?

® Function LMB+1 is called in many places
= Bit level operation is ‘emulated’ by ALU
" Can be performed by HW unit
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Create a DDCU

" DDCU: Designer Defined Computational
Unit

" Function: ALU with special operations for
LMB+1.

® Specifications
* A class definition of the operation(s).

¢ Each method defines an Op-code
¢ DDCU can include multiple Op-codes

" |ntegration to application
¢ Method call(s)

" Integration to Jazz
¢ Configuration with composer
¢ AddacCuU

Copyright © 2001 Improv Systems Inc. All rights reserved
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Creating a DDCU

® Use Composer to create DDCU
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Systes, lic. Add DDCU to Jazz DSP

B Add the new LMB unit into a Jazz DSP
Processor

® New Jazz Processor now has Custom unit.
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New Jazz DSP
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s be COmpile and measure

" Compile application to new target
" Observe results
= Before ]
o Drw Ay Covw sk Cmm &1 Bvwd B
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" With MAC
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=  With LMB & MAC
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Syatems, Inc. What next?
One Processor is doing F;_.;-;F—

‘all it can’ |

Lets try two processors B E..,u""""-” E‘;,"_."ﬁ!._
* One processor with LMB :_:.-.E - E:: T E: ]

¢ One processor without S e e -y
Results:

el SO SGTE  Sidad 1 L] Lh
Bempin] [Acmmars LLIOED 1d7mEA 1AW
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Jazz 2010 - Single MAC
Processor

Low End, Single ot ntcton wih = 75 bis
instruction slot / multi- [t [Gr [ e
Computation Unit

Configuration

RISC-Like Processor
with DSP Extensions

Equivalent to DSPG
Teak-lite, Tl C54x,
StarCore SC110, —

Queue Decode

Intel/ADI XScale -

Total Gate Count (/o Memories) = 75K gates

!

35
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Linpren Jazz 2020 — DUAL MAC
X Processor

Total Instruction Width = 151 bits

| Base (w/immediate) | outsel | CU Slot 0 | CU Slot T | MIU Slot

(20b) (29b) (29b) (41b)

Control
Unit

ii y 4 o -

Task  — Instruction —— Decompressor
lock

Queue Decode Bl

Total Gate Count (/o Memories) = 115K gates
(TSMC 0.15 um)

® Medium Range DSP for most new DSP applications in the
market including VoP, Encryption, Edge Networking, 3G
Wireless
% ® Comparable to Tl C55x, StarCore SC120, 3DSP, DSPG Teak

Copyright © 2001 Improv Systems Inc. All rights reserved
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Ws " Ao Jazz 2040 — Quad Mac
| Processor

Total Instruction Width = 251 bits

Base (w/immediate) OutSel CU Slot 0 CU Slot 1 CU Slot 1 CU Slot 1 MIU Slot MIU Slot
(32b) (33b) (31b) (31b) (21b) (21b)

Total Gate Count (w/o Memories) = 170K gates
(TSMC 0.15 um)

® High end processor for performance intensive applications
®  Competes with TI C62x, C64x, StarCore SC140, etc.

37
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M' Acappella -

- PacketCable Reference Platform

Control Interface SoC
Configuration
MPU
Ethernet LAN
MAC
Bus

PCMHighway: o) \c/sLAC — Home/SOHO

Cable Modem
Socket

® VPS could be a stand alone chip or used as a
core integrated into an SoC

Copyright © 2001 Improv Systems Inc. All rights reserved

SoC Summer School 19



Improv Systems, Inc.

I

39

oo

Conclusions

VLIW DSP processor architecture with High
performance

Flexible architecture to meet the needs of
applications

Configuration file guide the tools chain in mapping to
specific target

Fast, tight loop: Compile, measure, change,
Compile...

Small changes in DSP can lead to great differences
in performance

It is critical to have he right feedback
¢ Feedback is used to guide modifications

The designer is the most important part of this loop
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