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CHARACTERISTICS

leading edge

SYSTEM
TECHNOLOGY

SPAN

RE-USE

DESIGN 
ENVIRONMENT

SYSTEM

specification

implementation

digital
emb. software

analogue R.F. design E.M.C. modelling

programmability

integrate: analoguedigital radio frequency

time/voltage discrete behaviour analogue behaviour

dimensions lower voltage         and        smaller dimensions

emb. memories

improve RF expertise                        train people

MODULE   STANDARDIZATION   ENLARGEMENT INTERFACE   REQUIREMENT    AUTOMATION
building blocks:    build        merge        system/busses        diff. techn. synthesis of interfaces  using standard modules

standards  for:       methods synthesis  of  building  blocks

specification requirements:           HW / SW subsystems systems

architecture: single  processing multi-processing distributed  processing

interfaces building  blocks

deep  sub-micron  effect modelling

multi-rate asynchronoussynchronous

distributed system control
multi-user/multi-tasking  pcUNIX

platform

management
configuration     management

global     activitiesconcurrent      environment world-wide  databases ??

design  flow   management

EXPERTISE SPAN

RE-USE

EMB. SOFTWARE

INCREASING  NUMBER  OF  DISCIPLINES

HARDWARE AND SOFTWARE  MODULES

INCREASING PERCENTAGE OF ACTIVITIES

2

10%

5

50%
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configurable des. flow mgt.

emb. EPROMs

10% 50% NEED  FOR 
MULTI-DISCIPLINARITY

CHALLENGE REDUCING TIME-TO-MARKET  by  IMPROVING DESIGN EFFICIENCY  and  EDUCATION & TRAINING

emb. FPGAs
increasing      size      and      complexity

facilitated by
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computational
models

libraries

data flow based (sub)systems

complex  &  hierarchical   finite  state  machines

modelling
&

re-use

communicating processes

cores busses + protocolsreal time kernels

capturing

s.w. dev.
environment

textual repr.

graphical repr.

C++    supported by  comm. language

determined  by  ad-hoc  developments

define design application program interface

API-like design environment

simulation environment

integrate different APIs

application specific languages  SDL,  DFL
JAVA   ++ 

re-use  of  behavioural  specification

driven    by   need    for   re-use increasing  complexity  of library  components

analogue increasing usage of mixed time - domain, frequency domain simulators & models

H.W. modules

S.W. modules

web  coordination  environment

general  purpose  cores & s.w. application  specific  cores & s.w. 

increased  use  of  third  party  cores,  s.w. modules & IP rights

improve  quality  of  code  while  higher  constraints

application ÒgeneralÓ cores & s.w.

COMPONENTS

COMP. MODELS COORDINATION  ENVIRONMENT FOR DIFFERENT COMPUTATIONAL MODELS

EXTENDED HW/SW CAPTURING AND DEBUGGING ENVIRONMENT
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MASTER INCREASING (SOFTWARE) COMPLEXITY BY RAISING ABSTRACTION  LEVEL WINDOW

CAPTURING

user
interface

digital

??

control flow based (sub)systems

CHALLENGE NEED   FOR   SPECIFICATION   AND   PROGRAMMING   OF   MIXED   SYSTEMS

facilitated by

A
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DESIGN
ENVIRONMENT

VERSION final     date   21-01-1998

characteristics

distributed system control
multi-user/multi-tasking PCUNIXplatform

closed  frameworks API environment internet basedinteroperability web driven

SYNTHESIS

system

subsystem

HW/SW
modules

performance  specification  languages

object  oriented  english  language support

CASE - like  tools

digital

analog
300 MHz ~10 GHz

improve RF expertise                             train  people

new   tool   development
EMC RF design interconnectivity

real-time operating systems & compilers multi-processor  architectures

HW/SW codesign & retargetable compilers optimized  memory  handlers

operating  system s.w.  synthesis

multi-processor with true multi-taskingsingle  processor with  pseudo multi-tasking
HW/SW communication task scheduling:  compile time scheduling run time scheduling & multitasking

behavioural new compilers

ESTIMATION

power

timing

area/cost

module  level sub-system  level

interconnects                      timing in S.W. higher  abstraction  level

S.W. cost estimates
bit-error  rates

DESIGN COST

SYNTHESIS

ESTIMATION

INCREASING NEED FOR S.W. DEVELOPMENT TOOLS & PROCESSOR MODELS

NEED FOR PERFORMANCE ESTIMATION IN HW/SW MULTI-PROC. SYSTEMS  &  MIXED SIGNAL SYSTEMSE
S

S
E

N
T
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L
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D
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SOFTWARE
HARDWARE

20%
80%

CHALLENGE NEED  FOR  CROSS-FUNCTIONAL  COOPERATION  AND  CONCURRENT  ENGINEERING  BECAUSE  OF  INCREASING  COMPLEXITY

facilitated by

A
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QUALITY

VERIFICATION SCALE RT level behavioural level S.W. - H.W. co-design level

PERFORMANCE
EVALUATION

VERIFICATION  SPEED

SYSTEM
SIMULATION

& EMULATION

H.W. acceleration  &  emulation reconfigurable FPGAs / time sharing

vector  testing
h.w. formal verification

system

subsystem

HW/SW modules

FORMAL
VERIFICATION
& VALIDATION

system

subsystem

HW/ SW modules

system

subsystem

HW/ SW modules

hw & sw formal ver.

H.W.- S.W.  co-simulaton

H.W.  model  checking  &  verification restricted S.W. model checking

extending to systems

analogue:         increasing  complexity

specialised areas: protocol validation & signal flow graph rewrite general areas

yield  analysistiming estimation

throughput / latency 
estimation

co-simulation by different computational models and in-circuit emulation

analogue spectral  techniques,   macro-modelling,  specialised simulation environment
 HDL                EMC

human intelligence  and  education

increasing abstraction level

power  modelling 
& estimation

formal verification  >2000  ??

analogue   >2 years later

FORMAL VERIFICATION CONTROL  DESIGN ERROR RATE

INCREASE  ITS  USE

below  10%  level

1%                20%

INCREASE ABSTRACTION LEVELS 1 3

PERF. EVALUATION EXTEND  DESIGN  SPACE  EXPLORATION  AND  INCREASE  ABSTRACTION  LEVEL
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structured design processes

introduce CASE tools
new languages: JAVAobject oriented softwarequality assurance

procedures

MASTER INCREASING COSTS OF ERRORS DUE TO GROWING COMPLEXITYCHALLENGE

design for debugging

facilitated by

A


