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e Harry Hsieh
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HW/SW Engineering of Embedded Systems

¢ Class Mesting

— SURGE 349

— TuTh 12:40PM-2PM
¢ Prerequisite:

- CS/EE 120A Al "

— consent of instructor o - :
¢ Coursenumber:

— 16546
e 4units, gradesonly
— No S/NC, PINP,...
2
[C269: Winter02

Grades

* Presentations & participation 45%
— Present 3-4 technical papers per quarter
« 1.5-2 hourlong lecture per quarter
— Read 3 technical papers per week on the average
« Attend every class meeting
— Sign up for 1 round of presentation by Thursday, 1/10 !!!
¢ Individual project 45%
— List of projects provided
— 1-2 person per project team
— Signup by Thursday, 1/17 !!!
¢ Quiz10%
— Inclass
— Openreverything [Presentation & Participation [Project [Ruiz
— No human help whatsoever...

* No homework, no exams, notexbook, no laboratory exercise,no
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The co-design ladder

* Inthepast: e TVHDLY
— Hardwareand software Compilars peraicrg syibess
design technologieswere (1960519709
very different Regjter rensfers

y

RT gynthesis

- il 1980's,1990

Recent maturationof bl linkers I ( = 9
synthesis enables aunified (1950'5,1960's) Logic equations/ FSV's|

vi fh Logicsynthes's
ew of hardware and — (197051980'5)
software I SIS

« Hardware/software H

. - Tmplementaion
“ u Microprocessor pus VLS, ASC, or PLD
codesign programbits * softwere' implementation” hardware’

The choice of hardware versus software for a particular function is simply a
tradeoff among various design metrics, like performance, power, size, NRE cost,
and especially flexibility; there is no fundamental difference between what
hardware or software can implement.
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The solution

L
The entire system must be designed asawhole Al

— Hardware t
‘Sequentia program code (e.g., C, VHDL)
— Software

Conyilers
— Interface (1960'51970'9)

— Memory EEMEEES
. Assembly instructions: RT gynthesis
— Peripheral (1980'51990's)
Assemblers linkers
- .. (1950'51960')

Behavioral synthesis
(19909

Logicequations/ FSV's|
Logicsynthes's

Wadhneisridios | (1970519809
I Logicgates

Microprocessor plus |MPlementation vy g A5, or PLD
programbits * software” implementation:* hardware”
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! An Embedded System Application

Different Architectures
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Implementation Architecture

Different Architectures
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Different Architectures
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Different Architectures
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Different Architectures

Took-up table
engine temperature

N\

tHottle position
engine@peed

air temperat‘re I \

air pressure \ PWM signals

\

Analog
inputs

—ill-

Digital inputs Actuations (PWI}/IS)

5269 HWISW Engineering of Embedded Systems, Winter02

Current Industrial Practice .gfﬂ

« Specify everything asASIC
— Offload as much as possible to processor Cost/size
+ Aslong astiming congtraints are met —_—

Timing
—
« System level partitioning

— Implementations on different resources are proceed independently

— “SystemIntegration” at theend - -

« Specify everything as software
— If timing constraints are violated
* Move functionality to hardware
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Different Architectures
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Design Freedom

implementation 1 e 2 Implementation 3

¢ Change architecture
¢ Change partitioning
Change scheduling

¢ Change synthesis
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Problem with Current Approach

« Lack of unified system behavior representation
— Can't verify the entire system
— Lead to possible incompatibility across boundary

« Apriori division into resources
— Can't optimize across boundary
— Leadto suboptimal design

« Lack of well defined design flow
— Can'treviseeasily
— Directly impact time to market
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Co-Design Methodology

rchitecture
Libraries

Capture

erformance]

Performance
Back-Annotatiol

Link to
HW/SW = B
Implementation
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Let’s Get

To Work!!!

System Design: Industry Structure

System designer
(Set-top box)
‘ Contents provider

Platform provider B
(e.g. Semiconductor company)

Internal IP provider External IP provider

(e.g. MPEG2 engine) (e g.sonwa;modem)

———> : Requirements specification, Testbench
— : Functional and performance models
(with agreed interfaces and abstraction levels)
S260: HWISIVEngineering of Embedded Systems, Winter02

(e.g. TV broadcast company)
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Challenge for embedded system design

(1.e. CS269)
* How to specify? " 2}
— Languagesand models ﬂj i ?'E
« VHDL, C, Java, FSM, PN, Matlzb,... Ml
— Framework (IDE)

§ o=
w e
e How toverify?

— Prototype, simulation, co-simulation, —
formal verification, model-checking, 4,
theorem proving...

¢ How to synthesize/optimize?
— Interface Synthesis
— CAD Algorithm, Compiler Technology
« Logic synthesis, BDD, ATPG, GNU

- Archi_tectural selection/Allocation,
mapping

— Scheduling/arbitration

cs269: Winter02

Metropolis

Design Environment for Heterogeneous Systems

“ etropolis

Metropolis Project '

* Approachesto complex embedded systems
— Design Reuse
« Timetomarket push
— High level of abstraction
« Exploit all possible design freedom
— Concurrency
« Application concurrency matching ar chitectural concurrency
— Heterogeneity
« Automotive: block based/multi-CPU/safety/deadline
« Wireless: sequential program/single-CPU/QoS/protocol
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Metropolis Project -

¢ Goal: develop a formal design environment

— Orthogonalize concerns
« Computation vscommunication (synthesized vstrandated)
« Function vsarchitecture (should vs could)
« Behavior vs performance (abstract vsimplemented)
* Behavior vsconstraints (abstract vsrequired)

— Havetheoretical foundation
» Metamodel torepresent different models of computation
* Model vslanguage...

— Use Platform
« Software, hardware, system
» With itsimplied communication structure

25
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Metropolis Framework

pecification Constraint: pecification
Metropolis Infrastructure

* Design methodology
« Meta model of computation
- Base tools

- Designimports

- Meta model compiler

- Simulation

Metropolis Formal Methods: Metropolis Formal Methods:
Synthesis/Refinement Analysis/Verification

27
5269 HWISW Engineering of Embedded Systems, Winter02

Design Methodology

» Functional decomposition

» Behavior adaptation

* Mediaand MoC wrapper insertion
» Communication refinement

» Optimization

29
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Metropolis Project e

Participants:
— UC Berkeley (USA): methodologies modeling, formal methods
CMU (USA): formal methods
— Politecnico di Torino(Italy): modeling, formal methods
— Universita Politecnica de Catalunya (Spain): modeling, for mal methods
— CadenceBerkeley Labs(USA): methodologies modeling, formal metho(
— Philips (Netherlands): methodologies(multi-media)
— Nokia (USA, Finland): methodol ogies(wir eless communication)
— BWRC (USA): methodologies(wir eless communication)
— BMW (USA): methodol ogies(fault -tolerant automotive controls)
— Intel (USA): methodol ogies(microprocessor s)

— UC Riverside?
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Design Methodology

Balance between reusability and optimality
— orthogonalizedesign concerns as much aspossible
— optimize the final implementation as much as necessary

Executable )
Data Sheets
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Functional Decomposition
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Behavior Adaptation

Refinement

60: HWISW Engineering of Embedded Systems Winter02

Refinement

4
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Communication Insertion

Architecture

Architecture: abstracted layersfor smooth refinement

cPy ASICL Asic2 SYSTEM:
|sw1 || sw2 || H ||"""’W“'°

module - SWmodules, HW
- bounded FIFO, lossy channels

- no address, bus independent

TRANSACTION:

- address, data split in chunk

- no detailed bus protocol or width
PHYSICAL:

- specific bus protocol
- detailed RTOS characterization
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Optimization
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Metropolis Framework Metropolis Meta Model

Function Design Architecture
pecificatio Constraints Specification

Metropolis Infrastructure

« Do not commit to the semantics of a particular Model of Computaiion (MoC)

« Defineaset of “building blocks':

— specifications with many useful MoCscan be described using the building blocks.
— unambiguous semantics for each building block.

+ Design methodology — syntax for each building block *alanguage of the meta model.
[+ Meta model of computation
- Base tools *  Represent behavior at all design phases; mapped or unmapped

- Designimports
- Meta model compiler
- Simulation

Question: What is a good set of building blocks?

Metropolis Formal Methods:
Synthesis/Refinement

Metropolis Formal Methods:
Analysis/Verification

37
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Metropolis Meta Model Metropolis Meta Model

The behavior of a concurrent system:

*  Processes, communication media, netlist

. . . i X—Z « state « constraints on
— Describe functional requirement .
« firing rule * methods to concurrent actions
+ A mechanism of refinement - store data « algorithms to enforce
- retrieve data the constraints
— Replace process and medium by subnetlistsof processes and media process medium (CTC or) scheduler

« Tempora and propositional logics

process P1{ P1 P2 medium M{
— Constraints port pX, pz; int[ storage;
2 p: p. pZ int space;
thread(){ |

/I condition to read X void write(int[] z){ ... }

/I an algorithm for f(X) int[] read(){ ... }
I condition to write Z )
}

} P1pZwrite() ® P2p X.read()

Slight digression Netlist

« Sentential logic Define
- phq
- p"q, pva,-p, p>q

« processes, media, schedulers, netlists

« connections among the objects
. DoubleStream
« constraints

« Linear Temporal LOgiC used also for specifying refinements

— Timeislinear sequence of points PO @

*Rectangle=process=computation

« Gp:globalyp c0
* Fp: eventualy p «Cir i ion
« Xp:nextp «Environment is also represented
* pUqg:puntilq =
«Concurrent action when possible i
« Example: p3
- Gp-> Fp +Syntax will be Java+-

* What's always true is eventually true

a1
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Why Java?

» Object orientation is here to stay
e C++isyesterday’s news

* What about inefficiency with interpreter?
— Technology solution
— Can awaystranslate and compile

* http://java.sun.com
— Official site, contain tutorial

43
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An example process

process IntX { interface IntReader extends Port {
port IntReader port0; update int readint();
port IntWriter portl; eva int n();
}
IntX(){}
InterfacelntWriter extends Port {
void thread() { update void writelnt(int data);
int x; eval int space();
while(true) { }
Rd: x=port0.readint();
Wr: portlwritelnt(x); Q" @
11}
¢ Update
— Function may change the state of mediathat implements the interface
* Eva
— Function may NOT change the state of the media. .. 45
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An example medium

Medium IntM implements IntWriter, IntREader, IW, IR, IC, IS, IN {
int storage, space, n;
IntM (){ space=1;n=0;}
update void writelnt(int data) {
await ( space > 0 ; thisIW , thisIS; thisIW )
await (true; thisIC , thisIS, thisIN ; this.IC) {
space = 0; n = 1; storage = data;
}
}
update int readint() { —_—
await (n>0; thisIR , thisIN ; thisIR)
await (true ; thisIC, thisIS, thisIN ; thisIC) {
space = 1; n =0 ; return storage;
}

}
eval int space() {await(true;this.IW,this.|C;this.IS) return space;}
eval int n() {await(true;this.IRthis.IC;this.IN) return n;}

interface IW extends Ports{}
interface IR extends Ports{}
interface IC extends Ports{}
Interface IS extends Ports {} 4

eeHiuge/MEngxtends: |Systems, Winter02
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Process

* May declarefieldsand functions
* May beextended to define other processes
— Object orientation alaJavaand C++
« Fieldsand functions are private unless declared public
« Contain at least on constructor and a thread function
« Interact with other object throughport

* Port
— Special field of typeinterface
* Interface

— Declare function with input/output type without implementing them
* Process access port through calling interface functions

cs269: Winter02

Medium

¢ Implementsinterfaces by providing code for the
function of the interfaces

* May definefields and functions

DoubleStream

|Cs269: HWISW Engineering of Embedded Systems, Winter02

await
¢ Theonly construct in metamodel for synchronization
¢ Implement critical sections
* Await (guard ; test list; set list){ critical section}
— Guard: condition that must hold for execution to continue

— Test list: other process should not have set these
— Set list: other process can not set theses now

* Nondeterminism
— Await{ (gl1;t1;sl)cl,(g2;t2;s2)c2...}

|C5269: HWISW Engineering of Embedded Systerms, Winter02
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Another example process

Process Y {
port IntReader port0;
port IntReader portl;
port IntWriter port2; dataflow Style

void thread() {
int z;
while (true) {
await {

(port0.n()>) && portl.n() >0;
port0.IntReader, portl.IntReader;
port0.IntReader, port1.IntReader)

{ z= foo(portO.readint(),port1. readint());}

}
port2.writelnt(z);

1
int foo(int x, inty) {...}
}

lcso60: Winter02
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