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Abstract { This paper describes the use of Uni�ed Sys-

tem Construction tools under development at the Univer-

sity of Southern California. The goal of the project is to

automate the construction of heterogeneous, application-

speci�c systems. Key elements of the USC system in-

clude multiprocessor synthesis, multi-chip datapath syn-

thesis, memory-intensive synthesis, and multi-chip par-

titioning. The tools were applied to design of an image

compression chip set, and results of using these tools are

reported on here. Our results are comparable to manual

designs reported in the literature.

1 Introduction

Communications, entertainment, and other electronic

systems are in widespread use. These systems are gen-

erally multi-chip, heterogeneous, and application-speci�c.

Chip-level synthesis tools are invaluable for the rapid pro-

duction of such systems, and such tools are becoming

available for general use. System-level tools can also be

used to signi�cantly increase a designer's ability to meet

a schedule along with a set of performance and cost con-

straints, but only a few of these tools have been available

in the past.

The Uni�ed System Construction (USC) project at the

University of Southern California involves the produc-

tion of an integrated set of system-level tools for synthe-

sizing multi-chip, heterogeneous application-speci�c sys-

tems which meet cost, performance and power constraints.

This paper presents the use of these system-level tools to

perform a multi-chip design exercise, a JPEG image com-

pression chip set. The focus of the USC project is on real-

time systems, such as entertainment and communication

technologies, but does not exclude other applications re-

quiring specialized system design. A block diagram of the

system is shown in Figure 1.
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The user of the USC software �rst selects a style for the

system. Styles currently supported include

� heterogeneous multiprocessors consisting of

{ processors interconnected with point-to-point

connections, operating in a non-pipelined fash-

ion.
{ non-pipelined processors in a ring,
{ non-pipelined processors connected by a bus,
{ pipelined processors with point-to-point connec-

tions,

� multiple custom VLSI chips, communicating asyn-

chronously,
� multiple custom VLSI chips, communicating syn-

chronously, with common clock, and
� memory-intensive modules consisting of a custom

VLSI chip and a separate memory chip.

Many other styles of systems are currently under de-

velopment. Once a style is selected, specialized tools

are invoked to complete the design process. Ultimately,

any custom VLSI chips which must be synthesized are

then processed by the ADAM high-level synthesis sys-

tem, which produces a cell netlist. This netlist is input to

the Cascade Design Automation Chipcrafter Silicon Com-

piler, and a chip layout is produced.

The following sections give an overview of each major

style of design, in the order each was applied to the com-

pression example. The remaining sections describe the

image compression system to be designed and detail var-

ious design activities conducted using the USC tools.

2 Synthesis of Memory-Intensive Sys-

tems

A subset of the USC tools performs automatic synthe-

sis of memory-intensive application-speci�c systems, with

emphasis on hierarchical storage architecture design. The

storage architecture is closely connected to the datapath

of the system, and isolating its synthesis from datapath

synthesis may not result in an e�cient solution. There-

fore, the design of the datapath and storage architecture
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of the stepwise construction of the system takes into ac-

count the next step by looking ahead so that the next

step is not overly constrained. Global design parameters,

like the memory bandwidth and timing constraints, are

considered when constructing the partial design in each

step, tying the whole synthesis process together.
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4 10 3 3 3 1 2 +,2 -, 4 * 20

5 6 2 3 3 3 2 +, 2 -, 2 * 26
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Design
Number

Functional
area

(106 µm2)

Interconnect area
(106 µm2) Total

area
(106 µm2)

Muxes and
Registers

Wiring

A B C = 2(A+B)
1 29.35 3.74 66.18 99.27
2 19.68 3.87 47.09 70.63
3 17.20 4.05 42.50 63.74
4 9.92 3.67 27.18 40.77
5 5.12 4.12 18.48 27.73
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(a) Process Characteristics

Process Estimated Area/Delay points

fdct 217096/480 159819/780 146024/900
100106/1200 74004/1560

quan 19036/89 (fixed)

enco 12200/100 (fixed)

deco 12200/100 (fixed)

dequ 19036/89 (fixed)

idct 217096/480 159819/780 146024/900
100106/1200 74004/1560

(b) Package Library

Package Area Pins Cost

k100 84174 260 1214

k209 175528 304 4240

k271 227306 344 6849

k464 389800 452 18923

Note: 1. Area is 103 µm2.
2. Delay is in ns.
3. Cost is a function of
area and pin capacities.

th
e
seco
n
d
1
D
-D
C
T
d
esig
n
p
ro
d
u
ced
b
y
S
M
A
S

th
a
t
P
ro
P
a
rt
p
la
ced
th
e
D
C
T
a
n
d
ID
C
T
o
n
sep
a
r

a
n
d
lu
m
p
ed
th
e
rem
a
in
in
g
fu
n
ctio
n
s
o
n
a
sin
g
le

F
in
a
lly,
w
e
g
en
era
ted
th
e
la
y
o
u
ts
o
f
th
e
1
D
-D
C

a
n
d
2
D
-D
C
T

ch
ip
u
sin
g
C
a
sca
d
e
D
esig
n
A
u
to

C
h
ip
C
ra
fter
(F
ig
u
res
6
a
n
d
7
),
a
n
d
a
n
a
ly
zed
th
e

trib
u
tio
n
(T
a
b
le
5
).



Figure 7: Layout of 2D-DCT chip

* controller for the frame-buffer not included
** a 64 word on-chip RAM included.

Area
106µm2 Total Functional Controller

Interconnect
Muxes +
Registers

Wiring

1D-DCT 83.72 19.83 1.03 4.67 58.19
2D-DCT 209.94 39.66 2.06* 13.91** 154.31
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*  P1 ... P5 are the five 1D-DCT designs from SMASH.

Design
number

Input to
SOS

Outputs from SOS

Time
constraint

Processors* Cost
Execution

 time/
8x8 frame

Pixel rate

ns 106 µm2 ns 106pixel/s

1 6400 4  P5 110.90 6350 10.08

2 3200
2  P1,
2  P5

255.08 3200 20.00

3 950
5  P1,
2  P2,
1  P3

1402.93 950 67.37
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