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Independence of Processor and IC technologies

= Basic tradeoff
o General vs. custom
o With respect to processor technology or IC technology
o The two technologies are independent

General- Single-
General, purpose ASIP purpose Customized,
providing improved: processor processor providing improved:
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Reconfigurable Computing
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Field Programmable Gate Array (FPGA) The MorphoSys
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High- vs. Low-Level Programming

More concrete, machine-specific, error-prone;
harder to write, read, debug, or maintain

More abstract, machine-independent;
easier to write, read, debug, or maintain

Very High-level Assembly Machine
high-level language language language
language statements instructions, instructions,
objectives | _ mnemonic N binary (hex)
or tasks 0 Ko 2
OJ —_—
past - o -~ I n
= = @ >
Swap v[i] L temp=v[i] 8 add  $2,$5,35 a2 00251020
and v[i+1] £ v[i]=v[i+1] add $2,%2,$2 <C 00421020
v[i+l]=temp add $2,%54,s52 00821020
1w $15,0(52) 8c620000
1w $16,4($2) 8cf20004
sw $16,0($2) acf20000
sw $15,4(52) ac620004
jr $31 03e00008

. 7

One task =
many statements

One statement =
several instructions

Models and abstractions in programming.

. T

Mostly one-to-one
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The co-design ladder

Behavioral synthesis
In the past: Compilers (1990's)
. (1960's,1970's)
o Hardware and software design -
technologies were very different IREIP (s
. . A bly instructi y i
o Recent maturation of synthesis e (1%5??5532)
enables a unified view of . ) S
ssemblers, linkers
hardware and software (1950's, 1960's) Logic equations / FSM's
Logic synthesis
Hardware/software “co-design” Machine instr (1970 19805)
o Capture-and-simulate Logic gates
o Describe-and-synthesize
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‘ Compiled System Design Flow - Agility U.K.
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‘ = Hardware/Software Co-design
z e = Hardware/Software Co-verification
& RLSimustor |ttt software 155 .
L = Hardware/Software Interface Design
IDE
hadvere [ ggﬁ;;,ﬂl = High-level Hardware Development
Suite
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MARS Mission 1999 Crashed due to an uninitialized variable**
** http://ptolemy.eecs.berkeley.edu




S4 billion development effort > 50% system integration & validation cost**
** http://ptolemy.eecs.berkeley.edu

Could we go even to higher levels of abstraction in design?

Could we reach the highest possible degree of parallelism?

Id'we go?

design could be reduced?

To what minimum the logi
How mu werbﬂd we save?
What about correciness, te‘st'ih"g and verification?

Who could deal with such a hybridization of disciplines?
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High-level Hardware Development

Maybe Higher-level?

Synthesis of Massively Parallel Algorithms and their
Mapping onto Reconfigurable Hardware

High-Level Functional Specification

Transformational
Derivation

Network of Communicating CSP
Processes

Automated Compilation
Handel-C

Reconfigurable Hardware

Refinement to
Processes

Functional
Calculus

Strategies for
Parallelism

CSP Algebraic
Laws

Place and
Route Tools

Developed
Libraries
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Functional Programming

Functions are considered as the basic unit of program development and as
the major routes to reuse.

Few fundamental advantages of using FP is

o High-level of abstraction through its powerful set of high-order functions.

o Clarity.
o Conciseness
o Correctness that could be proved or insured by construction.

The attractions for using the functional paradigm in hardware development
incited many researchers, such as, Lava, Hawk, Hydra, HML, MHDL, DDD
system, SAFL, MuFP, Ruby, and Form.

zipWith [Al— [B]l— [C]
zipWith (@) [x,%,..%,]1 [V, V0. 2,1=[ @y, %@y, ..x,Dy,]

foldr(®)[x, x, .. x,]=x0x,®..@x,

vscalarp ::[Int] — [Int] — Int
vscalarp as bs= foldr(+) (zipWith(*) as bs)
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Communicating Sequential Processes (CSP)

CSP notation is based on events and processes.

A CSP process engages in a series of events, which can be
channel-based communication with synchronization capabilities.

Major work in hardware design:

o The compiled Occam into FPGAs

o Handel-C compiler

o Translation between CSP and Handel-C.

ADD = (in, 7a — SKIP llin, 7b — SKIP);out!a+b — SKIP
MUL = (in,?a — SKIP llin, b — SKIP);out'a*b — SKIP
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‘ Refinement
value[1]
value[2]
in1 in2 Vect luel3
\l/ \l/ ot ector value[3]
>
F Stream
\J/ value
value[n]
out ?
The Process F refinement of a function f A Stream of values A Vector of size n.
<A> LAJn
Process Refinement Data Refinement
13-Jan-09 Dr. I. Damaj 17

Refinement of High-order Functions

zpWith [A]— [B]l— [C]
apWith - (@) [x,%,.%,] [VpYo-2, 1= @y, %@y, ..x,@y,]

vziip @) |A| - [B], - [C]
VZIP = _ ™" Flout,/out,c,/in,,d,/in,]

X Y1 X2 Y2 Xn  ¥n
L )
Ll r LF
N 1 N
XByr  Xby, XnE Yn
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Refinement of High-order Functions

foldr@®)[x, x .. x]=x0x,®..®x,

VFOLD,(F) = _I™" Flc,/out c,,/in,cy;,, /in,)

nd Lo o oy o) s ||

T T e E oy Bag ¥ v o5 Bag & ar Soag
l result
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Scalar Product

vscalarp ::[Int] = [Int] — Int
vscalarp as bs = foldr(+) (zipWith(*) as bs)

vscalarp :: |_Int_|m - |_IntJm — Int
VSCALARP =VZIP,(MUL) >>, VFOLD, (ADD)

13-Jan-09 Dr. I. Damaj
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' Handel-C

macro proc VScalarP (As, Bs, Size, Outputltem)

{

par

{

VZipWith (Size, As, Bs, InternalV, Multiplication);
VFoldR (InternalV, Outputltem, Size, Addition, 0);

by
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Simple Example: Rijndael Single Round

Functional Specification
singleRound :: State -> State -> State
singleRound stateln sKeys =
((mixColumns shiftRows subBytes) sta ) sKeys

CspP

singleRound :: ‘ | Int8 “ ‘4 — | ‘ Int8 “ |4 — | ‘ Int8 |‘ ‘4
s Round 6 SINGLEROUND
SINGLEROUND = (SUBBYTES >> >> MIXCOLUMNS) Il

macro proc SingleRound Handel-C
(vovStateln, vovKStateln,vovStateOut) {

par{
SubBytes (vovStateln, sosOutl);
ShiftRows (sosOutl, sovOut2);
MixColumns (sovOut2, vovOut3);
(vovOut3, vovKStateln, vovStateOut); }}

addRoundK

N
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Performance Evaluation of
Dynamic Reconfigurable Systems

The MorphoSys

The MorphoS'ys
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The MorphoSys
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Iterative Solvers: Multigrid, Jacobi, and SOR
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‘ Performance Results % s
= Mesh size <= 64 E o
= Solution Accuracy: g o e
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High-speed Tiny Ciphers

= TEA
o XTEA, XXTEA
o Low-speed light-weight
implementations (200
Mbps).
o A pipelined 4.51 Gbps core.
o A pipelined 6.53 Gbps core.

= PRESENT, MCry
Hight, SEA, and

ton,
GEN.

2IN (po rl)l

sKeyIN

= Desirable properties for
developing efficient tiny
hardware ciphers.

sumlIN (Port)
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The Mobile it (M)

e ————

FPGAs T

= Promoting FPGAs as a :
suitable replacement for
traditional microcontrollers
in specific applications.

= The Aram Locator GPS—
based Vehicle Tracking
System

= An Embedded Nine-Port
Microwave Vector Network
Analyzer ‘

Voltage Measurement ‘

System-on-chip (SoC using a high-density PLD)
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For More Information
Please Visit

http://academics.idamaj.net/
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‘ Questions?

Thank You
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