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H
ard

w
are/S

oftw
are

C
o-design

Lab.
for

D
S

P
and

C
om

m
unications

(C
D

C
lab.)

�

T
he

largestam
ountofexisting

com
puter

system
s

are
system

s
consisting

of

both
hardw

are
and

softw
are

com
ponents.

�

A
dvances

in
process

technology
and

ever
increasing

dem
and

ofsm
arter,

cheaper,pow
er-conscious

system
s

have
fueled

the
needs

for
better

tools
to

im
plem

entsuch
system

s.

�

T
he

realneed
around

the
high-tech

industry.

�

W
e

now
have

the
leading

researchers
in

this
area

atU
T

D
.

�

M
ore

inform
ation

can
be

found
in

http://w
w

w
.utdallas.edu/˜

edsha

D
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C
odesign

Lab.
for

D
S

P
and

C
om

m
unications

(C
D

C
)

�

P
lay

an
im

portantrole
w

ith
E

m
bedded

softw
are

center
in

C
S

and
D

S
P

group

in
E

E
.

�

D
S

P
group

in
E

E
focus

on
D

S
P

algorithm
s

such
as

source
coding,channel

coding,com
pressions,etc.

�

E
m

bedded
softw

are
center

focus
on

softw
are

engineering
issues

such
as

specification,testing,verifications,com
ponentbased

design-flow

m
ethodology,etc.

�

C
D

C
Lab.

focus
on

design
and

im
plem

entation
issues

such
as

em
bedded

architectures,netw
ork

architectures,w
ireless

com
m

unication
com

ponents

design,m
ulti-processor

system
s,hardw

are
com

ponentdesigns,real-tim
e

system
s,design

space
explorations,code

generations,H
W

/S
W

interface,

m
em

ory
issues,etc.
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G
oals

of
the

C
D

C
Lab.

�

D
evelop

strong
research

program
in

hardw
are/softw

are
co-design

for
D

S
P

and
com

m
unications.

�

Im
prove

education
through

research
projects

and
courses

thatgive
hands-on

experience
on

im
plem

enting
D

S
P

and
com

m
unications

applications.

�

P
rom

ote
collaboration

betw
een

the
m

em
bers,other

groups
on

cam
pus,in

other
universities

and
in

industry.

�

T
hrough

collaboration
and

training
w

ith
industry,provide

industr
y

w
ith

expertise
,broad

kno
w

ledg
e,and

highly
skilled

engineer
s

for
possib

le

future
em

plo
yees.

D
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E
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R
esearch

A
reas

in
C

D
C

Lab.
�

A
pplications:

real-tim
e

controllers,D
S

P,routers,sw
itches,w

ireless

com
m

unications,virtualconferencing,etc.

�

A
S

IC
designs

of
D

S
P

and
C

om
m

unication
com

ponents:
3G

w
ireless

com
ponents

such
as

w
ireless

m
odem

,equalizer,channelestim
ator,channel

codec,source
codec,etc.

�

D
esign

space
exploration

and
perform

ance
evaluations:

H
ow

m
any

processors
(D

S
P

or
generalprocessors)

and
w

hich
types?

H
ow

m
uch

on-chip

m
em

ory,off-chip
m

em
ory?

H
ow

is
the

bus?
W

hatkinds
ofhardw

are

com
ponents,etc.

C
onsider

tim
ing,pow

er,area
and

cost?

�

S
oftw

are
for

co-design:
real-tim

e
operating

system
s,process

scheduling,

softw
are

synthesis,system
integration,retargetable

com
pilation.
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R
esearch

A
reas

in
C

D
C

Lab.,
cont

�

O
ptim

al
code

g
enerations:

the
m

osttim
e

and
pow

er
efficientcodes.

Itis

hard
for

m
ultiple

processors
or

V
LIW

processors.

�

C
om

puter
and

netw
ork

architectures:
hardw

are/softw
are

interfaces,

distributed
and

m
ultiprocessor

architectures,faulttolerantand
re-configurable

platform
s.

�

A
S

IC
designs

for
D

S
P

and
C

om
m

unication
cores:

low
pow

er,and
tim

e

efficientcom
ponents

such
as

M
A

C
units,F

F
T,D

C
T,V

iterbiand
turbo

channel

codec,adders
and

m
ultipliers.

�

H
ard

w
are/S

oftw
are

C
odesign

of
netw

ork
com

ponents:
D

esign
of

special-purpose
parallelarchitectures

for
im

plem
enting

functions
required

in

high
perform

ance
netw

orks
to

ensure
quality

ofservices.

D
r.

E
dw

in
S

ha
6



R
esearch

A
reas

in
C

D
C

Lab.,
cont.

�

R
esource

O
ptim

ization
in

C
ircuit

S
w

itc
hed

W
avelength

D
ivision

M
ultiple

xing
(W

D
M

)
O

ptical
N

etw
orks.

�

C
ore

R
outer

D
esign

for
B

urst
S

w
itc

hed
W

D
M

N
etw

orks:
D

esign
and

im
plem

entation
ofim

portantcom
ponents

for
operations

such
as

burstrouting,

burstforw
arding,data

channelscheduling
and

controlchannelscheduling
in

a

core
router

ofW
D

M
netw

orks.

�

E
dg

e
R

outer
D

esign
for

B
urst

S
w

itc
hed

W
D

M
N

etw
orks:

D
esign

and

im
plem

entation
ofim

portantcom
ponents

for
operations

such
as

burstification

ofpackets,burstrouting
and

sw
itching,channelscheduling

in
an

edge
router

ofW
D

M
netw

orks.

�

A
rchitecture

of
P

acket
S

w
itc

hing
A

ll-O
ptical

W
D

M
/T

D
M

N
etw

orks:

D
esign

ofnew
architectures

offuture
all-opticalpacketsw

itching
netw

orks

thatuse
both

W
D

M
and

T
D

M
techniques.
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E
quipm

ent
and

P
ersonnel

of
C

D
C

Lab

�

Faculty:
D

r.
E

dw
in

S
ha,D

r.
Yuke

W
ang

and
D

r.
S

.Q
.Z

heng

�

S
tudents:

C
urrently

4
P

h.D
.students,another

P
h.D

.studentw
illarrive

U
T

D
in

S
pring

2001
and

severalm
ore

grad.
students

including
M

aster
degree

students
are

being
recruited.

�

E
quipm

ent:
U

nder
developm

ent.
12

com
puters

w
ith

D
S

P
softw

are
and

boards

such
as

T
IC

ode
C

om
poser

S
tudio,T

IT
M

S
320C

6201/6701
E

valuation

m
odules

and
T

IT
M

S
320C

54X
E

valuation
m

odules.
F

P
G

A
boards.
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G
rants

w
ith

Industr
y

�

M
utualB

enefits.
M

ostcosteffective
w

ays.
G

etseveralfaculty
m

em
bers

w
ho

have
broad

know
ledge

and
know

the
state-of-arttechnology

and
research

students
w

orking
on

designated
projects.

�

S
tartw

ith
short-term

and
then

build
up

long-term
projects.

�

G
oal:

spend
the

m
inim

um
am

ountofcostand
tim

e
and

getthe
m

ostdone.

�

B
udget:

about$100K
a

year.
Itcan

be
flexible.

Lets
justlist2

possible

budgets
in

the
follow

ing.

�

H
ave

atleast2
graduate

research
assistants

and
faculty

m
em

bers
w

orking

together.

D
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P
ossib

le
B

udg
et

1.
It

is
fle

xib
le

.

�

Totalbudget:
about$110K

a
year.

�

U
niversity

O
rdinary

G
rant:

$56000
+

48%
indirectcost=

$82800

Includes
2

R
A

one-year
salaries,tuitions,fringe

benefits
(23

%
),m

aterials

and
supplies.

�

C
onsulting

fees
w

ith
faculty:

$30K
.

�

P
lease

com
e

to
talk

w
ith

any
faculty

m
em

bers
in

C
D

C
lab.

for
m

ore

inform
ation.

D
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P
ossib

le
B

udg
et

2.
It

is
fle

xib
le

.

�

Totalbudget:
about$86K

a
year.

�

U
niversity

giftgrant(no
indirectcost):

$56000.
Includes

2
R

A
one-year

salaries,tuitions,fringe
benefits

(23
%

),m
aterials

and
supplies.

�

C
onsulting

fees
w

ith
faculty:

30K
.

�

P
lease

com
e

to
talk

w
ith

any
faculty

m
em

bers
in

C
D

C
lab.

for
m

ore

inform
ation.

D
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D
r.

E
dw

in
S

ha
(Introduction)

�

P
h.D

.from
P

rinceton
U

niversity.
W

orked
in

U
.ofN

otre
D

am
e

for
m

any
years

before
cam

e
to

U
T

D
in

2000.
H

e
is

currently
a

fullprofessor
in

C
S

atU
T

D
.

�

R
esearch

Interests:
H

ardw
are/S

oftw
are

C
o-designs

for
C

om
m

unications

and
D

S
P,R

eal-tim
e

S
ystem

s,D
S

P
A

rchitecture,FaultTolerance,P
arallel

A
rchitectures

and
system

s,O
perating

S
ystem

s,Low
P

ow
er

S
ystem

s,

H
igh-LevelS

ynthesis
in

V
LS

I,C
A

D
for

A
pplication-specific

S
ystem

s,Loop

S
cheduling

for
D

S
P,Java

S
ystem

s,S
oftw

are
Tools

for
P

aralleland
D

istributed

S
ystem

s

�

E
ditor

for
IE

E
E

Transactions
on

S
ignal

P
rocessing.

(R
esponsible

for
the

areas
ofsystem

im
plem

entations,architectures
and

program
m

ing
system

s.)

�

E
ditor

for
Journal

of
V

LS
I

S
ignal

P
rocessing.

D
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Introduction,
cont.

�

G
rants

w
ith

N
S

F,D
A

R
P

A
,

A
T

&
T,C

adence
,etc.

�

N
S

F
C

areer
A

w
ard

and
N

otre
D

am
e

Teaching
A

w
ard.

�

P
rogram

com
m

ittee
in

num
erous

internationalconferences.

�

P
rogram

C
hair

for
IE

E
E

G
reatLakes

S
ym

posium
on

V
LS

I.P
rogram

C
o-C

hair

for
InternationalC

onference
on

P
aralleland

D
istributed

C
om

puting
S

ystem
s

(P
D

C
S

2000)
in

Las
V

egas,2000.

�

P
rogram

C
hair

for
InternationalC

onference
on

P
aralleland

D
istributed

C
om

puting
S

ystem
s

(P
D

C
S

2001)
in

D
allas,

Texas,A
ugust2001.

�

P
ublished

m
ore

than
130

papers
in

referred
conferences

and
journals.

D
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E
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D
r.

E
dw

in
S

ha’s
R

esearch
A

reas
�

A
utom

atic
P

arallelization:
D

evelop
new

techniques
to

fully
parallelize

D
S

P

applications;consider
synchronous

data
flow

graphs
and

develop
retim

ing

technique
for

S
D

F
G

.

�

R
eal-tim

e
and

Lo
w

-po
w

er
S

ystem
s

for
D

S
P

and
C

om
m

unications:

P
roduce

the
m

osttim
e

efficientschedule
and

architecture
w

ith
m

ultiple

processors
or

V
LIW

system
s.

D
evelop

low
pow

er
scheduling,

H
ardw

are/softw
are

codesigns.

�

M
em

ory
Issues

for
D

S
P

and
C

om
m

unication
A

pplications:
W

hatis
the

bestsize
for

on-chip
m

em
ory.

D
evelop

data
access

hiding
techniques:

partitioning,prefetching
and

loop
scheduling

w
hich

produce
a

com
pletely

balanced
schedule.

D
r.

E
dw

in
S

ha
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D
r.

E
dw

in
S

ha’s
R

esearch
A

reas,
cont.

�

R
eal-tim

e
and

Fault
Tolerant

E
m

bed
ded

S
ystem

s
D

esigns
:

D
esign

and

im
plem

enthardw
are

com
ponents

and
softw

are
system

s
w

hich
guarantee

real-tim
e

and
faulttolerantproperties.

�

T
he

D
esign

of
P

arallel
Ja

va
S

tack
M

achines.

�

D
esign

S
pace

E
xplorations:

O
btaining

a
setofacceptable

designs

containing
w

hich
types

and
how

m
any

functionalunits.

�

O
ptim

al
M

em
ory

H
ierarchy

P
lacem

ent
and

R
eplacem

ent
:

T
he

traditional

M
IN

algorithm
is

notoptim
alifw

e
can

place
data

in
any

given
levelofm

em
ory

system
.

W
e

have
designed

a
truly

optim
alalgorithm

.

�

Q
uality

of
S

ervice
A

nalysis
and

D
esign

Issues
for

N
etw

orking

�

P
lease

check
http://w

w
w

.utdallas.edu/˜
edsha

D
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E
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D
r.

Yuke
W

ang
(Introduction)

�

D
r.

Yuke
W

ang
has

m
any

years
ofexperience

in
designing

V
LS

I,D
S

P

algorithm
s,C

A
D

,etc.
D

uring
1996-2000,D

r.
W

ang
has

co-authored
papers

w
ith

m
ore

than
12

IE
E

E
/A

C
M

Transactions
journalpapers.

�

H
e

has
obtained

im
portantand

fundam
entalresults

in
severalareas

ofC
A

D

and
circuitdesign.

In
particular,he

im
proved

the
algorithm

for
C

hinese

R
em

ainder
T

heorem
,

w
hich

w
as

originally
discovered

by
G

auss
in

1801
and

is
w

idely
usefulin

D
S

P,error
correction,and

security.

�

H
e

has
designed

ad
ders

w
hich

are
better

than
alm

ostallprevious
adders

in

term
s

ofpow
er

and
tim

ing
including

the
carry-look-ahead

adder,carry-select

adder,conditionalsum
adder,prefix

adders,and
signed-digitbased

adders.

�

F
or

m
ore

inform
ation,please

check
http://w

w
w

.utdallas.edu/˜
yuke

D
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D
r.

Yuke
W

ang’s
R

esearch
A

reas
�

A
S

IC
D

esign
of

D
S

P
and

C
om

m
unication

C
ores:

M
A

C
units

in
D

S
P

processor,F
F

T,D
C

T,V
iterbiand

Turbo
channelcodec,arithm

etic
circuits

such
as

adders
and

m
ultipliers.

�

C
om

puter
A

ided
D

esign
for

D
S

P
and

C
om

m
unication

C
ircuits:

high-level

synthesis
and

logic
synthesis.

�

Im
plem

ent
C

om
m

unication
S

ystem
s

U
sing

D
S

P
P

rocessor
s:

O
F

D
M

system
s,3G

w
ireless

system
s-w

ideband
C

D
M

A
,U

W
C

-136,E
D

G
E

,C
D

M
A

2000;W
ireless

LA
N

-
B

lueTooth,S
W

A
P,IE

E
E

802.11;P
ow

er
line

com
m

unication
m

odem
.

�

D
S

P
P

rocessor
P

erform
ance

E
valuation:

superscalar,S
IM

D
,V

LIW

processors.
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D
r.

S
.Q

.Z
heng

(Introduction)
�

D
r.

S
.Q

.Z
heng

received
P

h.D
.from

U
niv.

ofC
alifornia

atS
anta

B
arbara.

H
e

is
currently

a
fullprofessor

in
C

S
departm

entatU
T

D
.

�

H
e

has
published

m
ore

than
150

research
articles

and
w

ritten
a

w
ell-know

n

book
on

parallel
com

puting
using

optical
interconnections.

�

H
e

has
m

any
years

ofexperience
in

com
puter

architecture
design,V

LS
I,

H
ardw

are/softw
are

codesign,opticalinterconnectand
telecom

m
unication

and

netw
orks.

�

H
e

has
been

served
as

editors
for

5
journals

and
program

chairs
for

m
ore

than
5

internationalconferences.

D
r.

E
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D
r.

S
.Q

.Z
heng’s

R
esearch

A
reas

�

R
esource

O
ptim

ization
in

C
ircuit

S
w

itc
hed

W
avelength

D
ivision

M
ultiple

xing
(W

D
M

)
O

ptical
N

etw
orks:

D
esign

and
analysis

ofw
avelength

assignm
entalgorithm

s,and
converter

and

am
plifier

placem
entalgorithm

s.

�

C
ore

R
outer

D
esign

for
B

urst
S

w
itc

hed
W

D
M

N
etw

orks:

D
esign

and
im

plem
entation

ofim
portantcom

ponents
for

operations
such

as

burstrouting,burstforw
arding,data

channelscheduling
and

controlchannel

scheduling
in

a
core

router
ofW

D
M

netw
orks.

�

E
dg

e
R

outer
D

esign
for

B
urst

S
w

itc
hed

W
D

M
N

etw
orks:

D
esign

and
im

plem
entation

ofim
portantcom

ponents
for

operations
such

as

burstification
ofpackets,burstrouting

and
sw

itching,channelscheduling
in

an

edge
router

ofW
D

M
netw

orks.

D
r.

E
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D
r.

S
.Q

.Z
heng’s

R
esearch

A
reas

(cont.)

�

A
rchitecture

of
P

acket
S

w
itc

hing
A

ll-O
ptical

W
D

M
/T

D
M

N
etw

orks:

D
esign

ofnew
architectures

offuture
all-opticalpacketsw

itching
netw

orks

thatuse
both

W
D

M
and

T
D

M
techniques.

�

H
ard

w
are/S

oftw
are

C
odesign

of
N

etw
ork

C
om

ponents:

D
esign

ofspecial-purpose
parallelarchitectures

for
im

plem
enting

functions

required
in

high
perform

ance
netw

orks
to

ensure
quality

ofservices.

�

Interconnection
N

etw
orks

for
Telecom

m
unications:

D
esign

ofspecialinterconnection
netw

orks
for

sw
itching

m
atrices

used
in

telecom
m

unication
sw

itches
and

data
netw

ork
routers.

D
r.

E
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