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

General- Single-
General, purpose ASIP purpose Customized,
providing improved: processor, processot providing improved:
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More abstract, machine-independent;
easier to write, read, debug, or maintain

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

Very High-level Assembly Machine
high-level language language language
language statements instructions, instructions,
objectives | _ mnemonic . binary (hex)
or tasks 2 I3 2
Q = IS >
=5 s © >
Swap v[i] i) temp=v[i] 8 add $2,$5,$5 % 00a51020
and v[i+1] = V[i]=v[i+1] add $2,$2,$2 < 00421020
v[i+1]=temp add $2,$4,$2 00821020
w $15,0(32) 8c620000
w $16,4(32) 8cf20004
sw $16,0($2) acf20000
sw $15,4(32) ac620004
jr $31 03€00008
One task = One statement = Mostly one-to-one

many statements

several instructions

Models and abstractions in programming.

%

In the past:

Hardware and software design
technologies were very different

Recent maturation of synthesis
enables a unified view of
hardware and software

Hardware/software “co-design”
Capture-and-simulate
Describe-and-synthesize

Compilers
(1960's,1970's)

Behavioral synthesis
(1990's)

Register transfers

Assembly instructions

Assemblers, linkers
(1950's, 1960's)

Machine instructions

RT synthesis
(1980's, 1990's)

Logic equations / FSM's

Logic synthesis
(1970's, 1980's)

Logic gates
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Hardware/Software Co-design
Hardware/Software Co-verification
Hardware/Software Interface Design

High-level Hardware Development

3 4
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67 83

Could we go even to higher levels of abstraction in design?
Could we reach the highest possible degree of parallelism?
How fast could we go?

To what minimum the logic area of a design could be reduced?
How much power could we save?

What about correctness, testing and verification?

Who could deal with such a hybridization of disciplines?
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Maybe Higher-level?

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

Few fundamental advantages of using FP is
High-level of abstraction through its powerful set of high-order functions.
Clarity.
Conciseness
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 [A® [B® [T

zipWith  (A) [x %.. %] [y ¥..¥y=[ @& y A y .. A
foldr(A)[x % ... %]= %A %A A x

vscalarp:[ InNf® [ Inf® Int

vscalarp as bs foldf+) ( zipwit) as p

%

i , O Dy

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:
The compiled Occam into FPGAs
Handel-C compiler
Translation between CSP and Handel-C.

ADD=(in,?a® SKIP|||in ?2® SKIP);outta &  SKI
MUL =(in,?a® SKIP|||in, 2® SKIP);out @&  SKI
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1]
value[1]
value[2]
inl  in2 Vector | value[3
\l/ \l/ eot A
>
F Stream
\J/ value
value[n]
out 7
The Proces§ refinement of a functiof A Stream of values A Vector of size n
<A> A
Process Refinement Data Refinement
"

! & A

Zpwith = [A® [B® [ T
zpwith (B) [ % [¥ - d=[A y A y .. &

vzip(R) = A ® B _® c
VZIP = |[™ Flout/ out, ¢/ in, ¢/ in]

n
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foldr(B)[% % ... %]= XA %A A x
VFOLD,(F) =™ Flg/out 6/ in, G/ in]

H

vscalarp:[ INf® [ Int® Int
vscalarp as bs foldg+) ( zipwit) as )

vscalarp: Int ® Int ® Int
VSCALARR VZIR MUL>>_ VFOL[( ADI
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64-Bit Plaintext X
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64-Bit Ciphertext Y
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outpulf4.127]  output[128.191]  outputi(block-1)..(block-1)+63] output
Handle-C Under DK1
Design Suite
ISE 5. Xilinx
Place & Route Tools
(CIC++ Host Program
Under VC++ IDE
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The MorphoSys

Computer Graphics

Information Coding

Cryptography

Networking
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Source
Code

[Compile for
Simulator

l

Cycle
Count

Simulation
&
Debug
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compile [f—— cate
for netlist Estimation
] EDIF Timing
Place and Analys?s
Route > and Gate
Usage
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FPGA

synthesize

Generate BitStrgam File

HOL
Source
Code

Place and Route

> Configure

Pre-Smoothing

Find Residual
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TEA
XTEA, XXTEA
Low-speed light-weight
implementations (200
Mbps).

A pipelined 4.51 Gbps core. ! ¢ ] ) i | st

A pipelined 6.53 Gbps core. |“ B&# ™ ) 55
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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 §oC using a high-density PLD

Display

5
@

http://academics.idamaj.net/
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