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Overview

* A Design Methodology (DM) is composed of

Models

Metrics

Tools

Design Flow (DF)



Overview

Design Methodology (DM)

— Models

* They represent the system during different steps of the DF

— Going towards implementation, models are more detailed and more
complex and less readable by humans and less modifiable by hand

— Metrics
* They are measures of the system quality at a given point of the DF
— Very important to compare different implementation alternatives
— Tools

* A DF is composed of metrics-driven models transformations that
adds more details up to reach the final implementation

— Normally not manageable by hand and performed by specific tools



Overview

« Design Methodology (DM)
— Design Flow (DF)

 ADF is the process that, by exploiting several Models, Metrics and
Tools, starts from a (semi)formal system specification, that
represent F/NF requirements, and leads to a final implementation
able to satisfy such requirements



Design Methodologies

Models



Models

A model is a proper semplification of an original entity
(physical or another model) realized in order to highlight
only specific parts or views and to ignore those that, at a
given point of the DF, are not interesting/relevant
— It is relative to the needs and the goals

— It should be manageable by proper tools in the DF and it should
allow metrics evaluation, proper analysis and transformations
. e.g.
— Execution/Simulation
— Functional analysis
— Design Space Exploration
— Synthesis
— Verification and validation



Models

A model is characterized by properties
— The underlying Model of Computation (MoC)

State Machine
Concurrent Processes
— Communicating Sequential Processes, Kahn Process Networks
Dataflow
Petri Nets
Discrete Events
etc.

— The underlying Model of Communication

Synchronous (i.e. blocking) vs Asynchronous (i.e. non blocking)
Shared memory vs Message passing

Synchronization mechanisms

etc. (see Extra)



Models

A model is characterized by properties

— The underlying Model of the Time
« Continuos time models
» Discrete time models
— Time-driven
— Event-driven
— The underlying determinism
* Deterministic models
* Non Deterministic models
» Stochastic models



Models

A model is related to a specific abstraction level and it is
described by means of a modeling/specification
language related to such a level

— If the model provides a behavioral view it is also related to a
specific MoC

— The amount and the accuracy of the details, the readabillity, and
the possibility to be automatically managed and transformed
depends both on the abstraction level and on the adopted
language



Models

« By adopting a traditionally adopted classification we can

identify the following abstraction levels ad related

languages

Abstraction Level HW SW
System SysML, UML, Matlab, Simulink, SystemC, SDL
A|gorithm Verilog, VHDL, SystemC | C, C++, Java
Dataflow Verilog, VHDL C, Assembly
Logical Verilog, VHDL, EDIF Assembly
Physical LEF/DEF, GDSII Binary (e.g. HEX)
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Models

 Another common multi-view classification is the well-

known Y-diagram Ry

Behavioural Domain Structural Domain

Systems

Processors
ALUs, ' RAM, etc.
Gates, flip-flops, etc.

Transfer functions . ,
Transistors

¢ Transistor layout
¢ Cell layout
¢ Module layout

¢ Floorplans

o Physical partitions

Physical Domain (SoC)
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Models

Other than languages related to the BHV view there are
also ones useful to catch different views and properties

— Structural view
« System-Level Design Languages (SystemC, UML, SysML)
 HDL (VHDL, Verilog)
* Netlist and schematics (EDIF, IP-XACT)

— Properties specifications and/or V&V support

« Some of the previous or ad-hoc ones
— SystemC-UVM, SystemVerilog
— Property Sequence Chart
— Property Specification Language
— Finally, modern Model-Driven Engineering (MDE) methodologies
often rely on Domain Specific Languages (DSL)
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Models

 Trying to put (near) all toghether...
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Metrics
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Metrics

* During the DF it is often needed to measure (or
estimate) the quality of the system described by a model
— Quality is normally a function of a set of metrics

* e.g.
— Quality of a combinatorial network = f(delay, area, power)

* This is very important to compare different
Implementation alternatives, but it should be possible to
evaluate them automatically starting from the model itself

— The model have to contain all the needed info to evaluate
metrics

— A proper tool has to exist!
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Metrics

« Typical metrics

— Perfomances

« SW: execution time, delay, response time, overhead, profiling, CPI,
IPC, MIPS, hit/miss rate, average number of pipeline stalls,...

« HW:combinatorial delay, clock frequency, latency,...
— Size
« SW: footprint, LOC, function points, number of tasks,...
« HW
— 1C.: die size, number of transistors, equivalent gates,...
— PLD: cells, logic blocks,number of look-up tables,...

— Power

« SW: average current for clock cycle, average current for instruction,
processor power (mW, mW/MHz, mW/MIPS),...

« HW: mW, switching activity, equivalent capacity,...

16



Design Methodologies

Tools
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Tools

ES complexity can be so relevant that models and
metrics are not useful without proper SW tools support

— In fact, a DF is composed of metrics-driven models
transformations that adds more details up to reach the final
Implementation

« CAD: Computer-Aided Design,CAE: Computer-Aided Engineering
« CASE: Computer-Aided Software Engineering
« EDA: Electronic Design Automation

— Such tools have quite different features depending on
« Domain (HW/SW)
* Abstraction level

« Functionality
— Compilation/Synthesis, Verification/Validation, Support Libraries
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* Classification

Tools

HW SW
Abstraction Levels | Synthesis V&V Libraries | Compilation V&V Libraries
System (TLM) Code Checkers Cores Code - Operating systems
generators Simulators generators Middleware
Algorithm (BHV) BHV Co-Simulators | Cores Compilers Symbolic | Operating systems
synthesizers executors | Libraries
Dataflow (RTL) RTL HDL Macros Compilers Virtual Standard libraries
synthesizers | simulators Assemblers machines
Logical Logic HDL Cells Assemblers ISS Firmware
synthesizers | simulators BSP
Physical Place & Electrical Transistors | Linker ISS -
Route simulators
DRC
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