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The Business Equation

ISS

Creative Destruction

We are in the middle of a revolution 
which will radically change the 

industrial landscape

We are in the middle of a revolution 
which will radically change the 

industrial landscape

Reference: 
„Creative Destruction: Why Companies that are built to last underperform the 

market-and how to transform them,“

by Richard Forster and Sarah Kaplan, Currency Books, ISBN 0-385-50133-1
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Disruptive Technology

TIME

REALIZABILITY
Growth in
capability and 
cost-efficiency of 
technology

TECHNOLOGY 1

TECHNOLOGY 2

ISS

Disruptive Technology: Reference

The Innovators Dilemma :

„ When new Technologies cause great 
Firms to fail“

by
Clayton M.Christensen, Harvard Business School Press,

Boston MA 02163, 1998, ISBN 0-87584-585-1
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Industry “ Food Chain”

Enabling Technology 
Providers

Customers

Semiconductor House

Equipment ManufacturersEquipment Manufacturers���	��
���
��

ISS

Facts &Trends



ISS

The Algorithmic Driving Force
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The Algorithmic Driving Force
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The  Metric

Computational Efficiency = 

Operations-per-second per Watt per area

Computational Efficiency = 

Operations-per-second per Watt per area

Computational Efficiency . . .

is not simply pushing the MIPS or MOPS or
simply the clock speed but . . .

Computational Efficiency . . .

is not simply pushing the MIPS or MOPS or
simply the clock speed but . . .
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The Energy-Flexibility Gap

Embedded Processors
SA110
0.4 MIPS/mW

ASIPs 2 V DSP: 3 MOPS/mW

Dedicated
HW
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Heterogeneous 
Platform

Application-Specific 
Reconfigurability
10-50 MOPS/mW
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Moore‘s Law revisited..

10x every 6 years
gates

100k

1M

10M

100M

year2002199619901984

intrinsic
computational

power

schematic entry +
place + route

HDL + synthesis

computational
efficiency

gap

System Level
Design
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Reconfigurabilty

Good survey when emphasis is on Reconfigurabilty
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System Level Design

“ 3rd discipline between algorithmic 
exploration and implementation”
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The Scaleable Platform for Wireless 
Communications

ISS

The Guiding Design Principle

„ Form Follows Function“

Mies.V. der Rohe
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Canonical Receiver Structure

To DecoderInput samples

Use the estimated channel 
parameters in the detection path as 

if they were the true values

Iterative 
Algorithm

From Decoder

Parameter Adjustment

Parameter 
Estimation

SDetection Path

ISS

Divide and Conquer

The Signal/Information Processing Task can 
be naturally partitioned

é Decodersê Filtersë Channel Estimator

The Building Blocks are loosely coupled

The Signal Processing Task is cyclostationary
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Heterogenous Platform Design

Focus first on applications and constituent 
algorithms, not the silicon architecture 

Use extensive profiling (HW/SW Partitioning) 
to achieve the following goals

Minimize the hardware flexibility to constrained set

Maximize the software parameterizability and ease of
use of the programmer’s model for flexibility

The optimal architectures optimizes
the intrinsic computational efficiency
The optimal architectures optimizes
the intrinsic computational efficiency

ISS

The  Computing Engine

will be a heterogenous, 
computationally efficient (Mops/mW)

architecture to optimally match the algorithm 
and architecture for a given application 

domain

will be a heterogenous, 
computationally efficient (Mops/mW)

architecture to optimally match the algorithm 
and architecture for a given application 

domain

The  Computing Engine . . .
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Design Flow of Heterogeneous Architectures 

system

SoftwareHardware

system level profiling

instruction level profiling

DRL ASIPASIC DSP, ì P

4-5 orders of magnitude in computational efficiency

ISS

RTL

Chip
1%

10%

Design impactlost time to market

days

months

System Level Design 

Synopsys, DAC ‘01, 
NDA session

System
80%min

algorithm
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Quote

"About 80 percent of the performance and cost 
of a final system

is decided in the process of defining system 
specifications and

architecture design."   - Yoshifumi Okamoto, 
Matsushita Semi.

ISS

ASIP : A disruptive Technology

http://www.iss.rwth-aachen.de/lisa
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Related ASIP-Projects

(Not an exhaustive list ! )í Chess , Target Compiler Technologiesî FlexWare, STï IMPACT, Univ.of Illinoisð Trimaran, HPñ Mescal, Gigascale Silicon Research Centerò PEAS,Osaka Univ.ó EXPRESSION, UC Irvineô FACTS,Philips Research

õ Reference: „ A novel Methodology for the Design od Application 
Specific Integrated Processors Using a Machine Description 
Language“ , A.Hoffman et.al,  to appear IEEE Trans. on  CAD

ISS

Processor Design Process
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Processor Design Process (I)

Architecture
Exploration

Architecture
Exploration

• instruction set design
• micro-architecture
• HW/SW partitioning

Architecture 
Implementation

Architecture 
Implementation

• realization of HDL
model (VHDL, Verilog)

• synthesis

Software
Application Design

Software
Application Design

• SW development tools
• C-compiler
• assembler, linker
• simulator, debugger 

System Integration
and Verification

System Integration
and Verification

• system simulation
• verification

Hardware
Designer

Software
Designer

System
Integrator

ISS

Processor Design Process (II)

Different specification languages imply
• longer turn-around times -> maintainance

• problem of verification between models

Different development groups imply
• longer turn-around times

• poor communication between groups

• problem of verification (faulty documentation)

• suboptimal results

Current design methodology does not allow system 
houses to develop ASIPs in-house

Current design methodology does not allow system 
houses to develop ASIPs in-house



ISS

Processor Design Process (III)

Architecture
Exploration

Architecture
Exploration

Architecture 
Implementation

Architecture 
Implementation

Software
Application Design

Software
Application Design

System Integration
and Verification

System Integration
and Verification

Processor Designer

Processor
model ?

ISS

Model Requirements
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interrupt
control

I/O

instruction-pipeline micro-
architecture
model

caches

peripherals

instruction
set model

program
sequencer

program
memory

data
memory

Abstraction Levels

data-paths data-flow
model

Abstraction of architecture

ISS

Abstraction Levels (II)

abstraction
level

time

high-level language statement ......

phase phase phase phase phase phase phase phase phase phase ......

cycle cycle cycle cycle cycle ......

instruction instruction ......

Abstraction of time
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Model Components of Tools
ö Memory model÷ registers, memoriesø bit widths, ranges

ù Resource modelú hardware resourcesû resource requirements of 
operations

ü Behavioral Modelý abstracted hardware 
activities (various levels)þ changing the system 
state

ÿ Instruction-set model� composed of valid HW 
operations� assembly syntax� instruction word coding� instruction semantics

� Timing model� activation sequence of 
hardware operations� pipeline

� Micro-architecture model� RTL accurate hardware 
behavior	 hardware operation 
grouping
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LISA Approach :
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LISA Approach

processor
architecture (HW)

instruction
set (SW)

LISA description

Joint HW/SW model
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LISA Processor Design Platform

System Integrator
(System Integration and Verification)

LISA
Architecture
Specification

LISA
Architecture
Specification

Software Designer
(Software Application Design)

LinkerLinker

AssemblerAssembler

C CompilerC Compiler

Simulator and
Debugger

Hardware Designer
(Architecture Exploration     and     Architecture Implementation)

Application

Simulator

Linker

Assembler Profiling

C Compiler

SoC

Interface

Interface

EP

ASP

FI ID EX
WB

Pipeline

FI ID EX
WB

Pipeline
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Design Effort - Efficiency

ISS

Model Design Effort: A Comparison

= handwritten: 20 months
(only cycle accurate simulator)

> LISA: 2 months
? generated tools:@ simulatorA debuggerB co-simulation interfaceC assembler, linker

D model changes take minutes

10x improved
designer

efficiency!

TI C54x: cycle-accurate model
Development & verification
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Simulator  Performance

ISS

Simulation of TI C6201 Model
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Solaris 2.7
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HDL Code Generation

ISS

The ICORE Architecture

A low-power ASIP for Infineon DVB-T 2nd

generation single-chip receiver:

E Harvard architecture
F 60 mostly RISC-like Instructions & Special 

Instructions for CORDIC-Algorithm
G 32-Bit Data path Width
H 8x32-Bit General Purpose Registers, 4x9-Bit 

Address Registers
I 2048x20-Bit Instruction ROM, 512x32-Bit Data 

Memory
J I2C Registers and dedicated interfaces for 

external communication

K Harvard architecture
L 60 mostly RISC-like Instructions & Special 

Instructions for CORDIC-Algorithm
M 32-Bit Data path Width
N 8x32-Bit General Purpose Registers, 4x9-Bit 

Address Registers
O 2048x20-Bit Instruction ROM, 512x32-Bit Data 

Memory
P I2C Registers and dedicated interfaces for 

external communication
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Why not use a Standard Core ?

• Soft-core is adaptable (by the hardware design group)

• late specification changes: full in-house control of design, 
shortens turnaround times

• core is adaptable to system interfaces and application (not 
vice versa!)

• no-overhead: e. g. the xxxxx-DSP has a lot of unecessary
features

• external DSP vendor wants to sell a standard product (too 
much overhead in introducing application specific details) 

• no royalties

ISS

Comparison Gate Level Models

hand-written ICORE

8 ns

660164 NAND-equiv.

Clock Speed

Chip Size

12,64 mW

hand-written
ICORE

generated ICORE

8 ns

666 212 NAND-equiv.

14,51 mW

generated ICORE

Power
Consumption
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Design Time for ICORE : Manual Design

0 2 4 6

Documentation

Assemblerprogramming

VHDL+Synth.

Profiling + ISA selection

Methodology

Time/MM

compiler and HDL generation will speed-up the design process

ISS

Creative Destruction

We are in the middle of a revolution 
which will radically change the 

industrial landscape

We are in the middle of a revolution 
which will radically change the 

industrial landscape

http://www.iss.rwth-aachen.de/lisa
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Thank You


