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

General-
purpose

processor
ASIP

Single-
purpose

processor

Semi-custom 
�������������	�

���	��	�����

PLD Full-custom

General,
providing improved:

Customized, 
providing improved:

Power efficiency
Performance

Size
Cost (lower cost in high 

volume)

Flexibility
Maintainability

NRE cost
Time- to-prototype

Time-to-market
Cost (lower cost with low 

volume)
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Application
Specific ICs

Programmable 
Devices

Application-
Specific Instruction 

set Processor
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The MorphoSys Field Programmable Gate Array (FPGA)
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Models and abstractions in programming.
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temp=v[i] 
v[ i]=v[ i+1] 
v[ i+1]=temp 

Swap v[i] 
and v[i+1] 

add  $2,$5,$5 
add  $2,$2,$2 
add  $2,$4,$2 
lw   $15,0($2) 
lw   $16,4($2) 
sw   $16,0($2) 
sw   $15,4($2) 
jr    $31 
 

00a51020 
00421020 
00821020 
8c620000 
8cf20004 
acf20000 
ac620004 
03e00008 

Very       
high-level 
language  
objectives 
or tasks 

High-level  
language 
statements  

Assembly  
language 
instructions, 
mnemonic 

Machine  
language 
instructions, 
binary (hex) 

One task =  
many statements 

One statement =  
several instructions  

Mostly one-to-one 

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

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

Implementation

Assembly instructions

Machine instructions

Register transfers

Compilers
(1960's,1970's)

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

Behavioral synthesis
(1990's)

RT synthesis
(1980's, 1990's)

Logic synthesis
(1970's, 1980's)

Microprocessor plus program 
bits: “software”

VLSI, ASIC, or PLD 
implementation: “hardware”

Logic gates

Logic equations / FSM's

Sequential program code (e.g., C, VHDL)
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� Hardware/Software Co-design

� Hardware/Software Co-verification

� Hardware/Software Interface Design

� High-level Hardware Development
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Hundreds of thousands of latches
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The Curse of Concurrency!
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������ Crashed due to an uninitialized variable** 
** http://ptolemy.eecs.berkeley.edu 
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��������� > 50% system integration & validation cost**
** http://ptolemy.eecs.berkeley.edu 
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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?
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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.

[ ]1 2 1 2( ) ... ...n nfoldr x x x x x xÅ = Å Å Å

1 2 1 2 1 1 2 2

:: [ ] [ ] [ ]

( ) [ , ,... ] [ , ,... ] [ , , ..., ]n n n n

zipWith A B C

zipWith x x x y y y x y x y x y

® ®

Å = Å Å Å

( )
::[ ] [ ]

( ) (*)

vscalarp Int Int Int

vscalarp as bs foldr zipWith as bs

® ®

= +
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� 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.

1 2( ? ||| ? ); !ADD in a SKIP in b SKIP out a b SKIP= ® ® + ®

1 2( ? ||| ? ); ! *MUL in a SKIP in b SKIP out a b SKIP= ® ® ®



9/7/2009

9

��������� 	
��
��	���� �+

"���������

� � nA

A  Vector of size n.A Stream of values

<A>

Data Refinement

F

in1       in2

out

The Process F refinement of a function f

Process Refinement
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1 2 1 2 1 1 2 2

:: [ ] [ ] [ ]

( ) [ , ,... ] [ , ,... ] [ , , ..., ]n n n n

zipWith A B C

zipWith x x x y y y x y x y x y

® ®

Å = Å Å Å

1 1 2

( ) ::

||| [ , , ]

n n n

i n
i i i i

vzip A B C

VZIP F out out c in d in=
=

Å ® ®� � � � � �� � � � � �

=
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[ ]1 2 1 2( ) ... ...n nfoldr x x x x x xÅ = Å Å Å

1 2 1 2 1 2( ) || [ , , ]i n
n i i i iVFOLD F F c out c in c in=

= +=

"�������������&�����
��
�.#�������

��������� 	
��
��	���� ��

,����
��
��#��

::

( ) ( )
m m

m m m

vscalarp Int Int Int

VSCALARP VZIP MUL VFOLD ADD

® ®� � � �� � � �
= >>

( )
::[ ] [ ]

( ) (*)

vscalarp Int Int Int

vscalarp as bs foldr zipWith as bs

® ®

= +
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4 4 44 4 4
singleRound :: Int8 Int8 Int8

singleRound SINGLEROUND

SINGLEROUND = SUBBYTES SH( IFTROW MIXCOLU ADDROUNDKEY   ) S M NS
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The MorphoSys
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� Computer Graphics

� Information Coding

� Cryptography

� Networking
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o p 1 =
{ 0 ,0 ,0 }

f R e s u lt =
{ 0 ,0 , 0 }

o p R e s u lt =
{ 0 ,0 , 0 }

i = Li = 6

o p 2 =
{ 0 ,0 , 0 }

o p 3 =
{ 0 ,0 , 0 }

j = 0 r [ i] [ j ]= r h o [i ] j ]

j+ +

j < = L

i= 0

I = LI= 6I = 6

j = 1
o p 1 =

p s iN e w [ i+ 1 ][ j ]
+

p s iN e w [i - 1 ] [j ]

o p 2 =
p s iN e w [ i ] [j+ 1 ]

+
p s iN e w [ i ][ j -1 ]

o p 3 =
o p 1 + o p 2

s q _ h =
m y _ h

* m y _ h

t e m p 1 =
p s iN e w [i ][ j ]

* 4

a d d C c y le
s ! = 0

t e m p 2 = s q _ h + s
q _ h

a d d C y c le s - -

o p 2 =
p s iN e w [ i ][ j -1 ]

+
p s iN e w [i ] [j+ 1 ]

r [ i ] [ j ]=
r [i ] [ j ]+

o p R e s u lt

j+ +

j< = L N

Y

N

a d d C y c le s =
F lo a t P ip e A d d C

y c le s

Y

N

j = 0 r [ i] [ j] = r h o [i ] j]

j+ +

j < = L

Y

N

I=1 I=LI=6

i=2*I-1 J=1
addCycles=

FloatPipeAddC
ycles

addCcyles=
FloatPipeAddC

ycles
j=2*J-1

op1=
r[i][j]+r[i+1][j]

op2=
r[i][j+1]

+
r[i+1][j+1]

opResult=
op1+op2

R[I][J]=
fFactor*opRes

ults

J++

J<=L2?

N

i=2*I-1 J=1
addCycles=

FloatPipeAddC
ycles

addCcyles=
FloatPipeAddC

ycles
j=2*J-1

op1=
r[i][j]+r[i+1][j]

op2=
r[i][j+1]

+
r[i+1][j+1]

opResult=
op1+op2

R[I][J]=
fFactor*opRes

ults

J++

J<=L2?

N

I=1 I=2 I=6

i=2*I-1 J=1

J<=L2

J++

v[i+1][j+1]=V[I
][J]

v[i[j+1]=V[I][J]

v[i+1][j]=
V[I][J]

v[i][j]=V[I][J]

J=2*J-1

Y

I=L2

N

i=2*I-1 J=1

J<=L2

J++

v[i+1][j+1]=V[I
][J]

v[i[j+1]=V[I][J]

v[i+1][j]=
V[I][J]

v[i][j]=V[I][J]

J=2*J-1

Y

N

I=1 I=2 I=6

V[x]=0 x++

J<=L2

Y

I=L2

V[x]=0 x++

J<=L2

Y

i = 1 j= 1

i= 1 i= Li= 6

j< = L

o p 1 =
p s iN e w [i-1 ][ j]

+
p s iN e w [ i+ 1 ] [j ]

o p 2 =
p s iN e w [i ][ j -1 ]

+
p s iN e w [i ] [j+ 1 ]

o p R e su lt =
o p 1 + o p 2

a d d C y c le s=
F lo a t P ip e A d d C

yc le s

sq _ h =
m y_ h * m y _ h

te m p 1 =
sq _ h * r h o [i ] [j ]

a d d C y c le
s ! = 0

t e m p 2 =
o p R e su lt+

t e m p 1

a d dC y c les - -

p s iN e w [i ][ j ]=
t e m p 2 * fF a c t o r

j+ +

j= 1

Y

N

Y

j < = L

o p 1 =
p s iN e w [i-1 ] [j ]

+
p s iN e w [i+ 1 ][ j ]

o p 2 =
p s iN e w [ i ][ j- 1 ]

+
p s iN e w [i ] [j+ 1 ]

o p R e su lt=
o p 1 + o p 2

a d d C y c le s=
F lo a t P ip e A d d C

yc le s

s q _ h =
m y_ h * m y_ h

t e m p 1 =
s q _ h * rh o [i ][ j ]

a d d C yc le
s ! = 0

t e m p 2 =
o p R e s u lt+

te m p 1

a dd C y c le s --

p s iN e w [ i ][ j] =
te m p 2 * f F a c t o r

j+ +

j= 1

Y

N

Y

N N

Previous slide
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� Mesh size <= 64
� Solution Accuracy:

Handel-C C++

� 128<=Mesh size<=2048
� Handel-C: 0.01

� C++

0.031
0.644

0.188
0.987 1.308

3.825
9.3

14.735

70.97

81.218

0

10

20

30

40

50

60

70

80

90

E
xe

cu
tio

n
 t

im
e 

(s
ec

o
n
d
s)

128x128 256x256 512x512 1024x1024 2048x2048

Mesh size

Handel-C

C++

0.000063
0.009

0.00026

0.031

0.00118

0.219

0.00555

0.325

0.0005

0.0505

0.1005

0.1505

0.2005

0.2505

0.3005

E
xe

cu
tio

n 
tim

e 
(s

ec
o

nd
s)

8x8 16x16 32x32 64x64

Mesh size

Handel-C

C++

0.01

0.2

1.3
1.1

2.0

1.0

A
cc

ur
ac

y
A

cc
ur

ac
y

Problem sizeProblem size
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� TEA
� XTEA, XXTEA
� Low-speed light-weight 

implementations (200 
Mbps).

� A pipelined 4.51 Gbps core.
� A pipelined 6.53 Gbps core.

� PRESENT, MCrypton, 
Hight, SEA, and CGEN.

� Desirable properties for 
developing efficient tiny 
hardware ciphers.

mux2

+

mux4mux3

mux1

<<4

+

>>5

+

32

32 32

1

32

<<4 >>5

+

-

1

+

-

10

yIN (port) zIN (port)

sKeyIN
sKeyIN

sumIN (Port)

x tea_roundt1a t1b

t2a t2b

t2c t2d t2e t2f

t3a t3b

t4a

t4c

t4e t4f

t5a t5b

t5c t5d

10

32-63

t4d

0-31

0

t4b

0-31

32-630-31

0

t4g

t4h

new_V0 new_V1

Y1reg

Y2reg

Z1re g

Z2reg

ld_V0ld_V1

shif t_stat

sel_opernd sel_opernd

1 0

0 1

en
c1

_d
ec0

en
c1_

d
ec0

shift_stat

ld_shftd

ld_skey SkeyReg

ld_shftd

SL4a SL4bSR5a SR5b

add1 add2

add3 add4

sub1 sub2

skey

t1i

addKP1

XR1 XR2

XR3 XR4

MUX8 MUX9
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G

At.

Power 
divider

DF

D.U.T 5-port Reflectometer 25-port Reflectometer 1

Display

Voltage Measurement

System-on-chip (SoC using a high-density PLD)

G

At.

Power 
divider

DF

D.U.T 5-port Reflectometer 25-port Reflectometer 1

Display

Voltage Measurement

System-on-chip (SoC using a high-density PLD)

� 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  
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http://academics.idamaj.net/
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