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ABSTRACT.

Developments in microelectronics and VLSI technolegy
have result, at constrained cost, in multiprocessor
architectures through which 1t 18 possible speed up
algorithms in order to solve problems of high computa-
tional complexity,

In particular, systolics array architectures, have sho-n
wn to be valuable for aignal elaboration and digital

In this paper, after introducing the principal - “harac-
teristics of systolic architectures, we present an ap—
plicative example of digital image segmentation.

H

INTRODUCTION,

The different families of parallel architectures purpo-
sed yp to now, can be fir into the two big categories:
"single instruction multiple dara" ($IMD} and "multiple
instruction multiple data” (MIMD) so called multiproces-
sors. Typlcally an MIMD architecture 1s composed of se-
veral processors working in parallel on the given data
and indipendentely from each other, Naturally, the over-
head asgsociated to the phiyical interconnection puts a
limit on the number of indipendent processors which can
be iinked to the system.

On the contrary, in SIMD architectures, different pro--
cessors collaborate among them to reach a dererminated
task, executing the same instruction -simultaneously on

A In fig.
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different data.

We can fir on the SIMD class: systolic arrays and apchi-
tectures composed by a grid of simple egual processors
regularly éonn{cted among them.

The pumber of‘éonngqtiond of a single processor with its
neighbouring processors define the several spatial topo-
logies of the array.

1, we show several topologies obtained on 2-D
space.
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Fig. 1 Systolic arrays topologies on Z-D‘space

The term "systolic" has been named in accordance with

its analogy with the systolic phases of the heart modell.
of the system, each processor of the ar-

On every "cycle"

ray recives data from the neighbouring processors, per—

formes some local elaboration, and sends again the data

to the linked processors, producing in this way 4 regu-—

lar, continous data flow throgh the whole array.

Thetre 18 no yet universal definition of systoll array,

but we can characterize such an architecture by several

properties always present:

1) Syncronization: all processors work in a synchronous

among them.

2) Regularity: the processors are idenrical and identi-
cally linked among them.

3) Modularity: give us the possibility to extend In a
randem way the array adding moduli with
other processors.

4} Linear speed-up: the elaboration speed increrses i
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nearly with the number ot processors configuring che
arrays.

Propercies 1 and 2 give us a relative semplifica:ion of
the VLSI circuit design implementing sys:olic arrays,
while properties ‘3 and 4
and freedom from the physical dimension of the procea-‘
SOCS array.

Different prototypes of systolic architeccures have been
ptoposed by the electronics industry to allow researche-
rs to apply and test them in real problem solving, Even
if such implementation have had an experimental charac-

ter (only recentely systems with higher number of proces-

sars have been constructed) several classes of systolic
array are now defined, and we can talk of many generat-
lon of them. A first differentation can be ‘dene between
single/multi~purpose and programmable systems.
In the first one rhere exists already a predefined and
precodified number of designed elaboraticns "ad hoc" for
a cercain class of specific problems (e.g. matrix coupu-
cation), in the limiting case vhere real time requiréme-
‘s"'exist, the deaign is cuc off for the specific ptobl-
em, as for example, DFT calculation.
Systems belonging to the second class (programmable ar-

rays} offer, obviously, a higher utilization flexibility,

with many application, being possible to define, once a
vhile, the execution program. In more evolved systéms
the same processor interconnection topology can be re-
defined via software before start of computation,

In the programmable array class rteenters the development
system GAPP (Geometric Arithmeric Parallel Processor)
designed at the "Martin Mariecta Aerospace Center" of
Orianda (Fl.). Such a system as been adopted by the au—
thors for the development and the testing of systolic
algorithms for digital images elaboration. In the mext
paragraph we consider a synthetic designation of the
HW/SW carachteristics of the GAPP system.

GAPP DEVELOPMENT SYSTEM, ¥
In this system have been assembled on a single board *
144 processors organized on a 12x12 bidimensional array.
Every processor has an own ALU configuration {full adder
-substractor),4 operative registers, 128 bits of Ray,
and 4 lines of communication which allows communication
with 1its 4 .linked processors (North, East, South. West).
In £ig.2 is illustrated the functional architectute of

a2 single processor, while fig.3 shows the Active commu-
nication lines among the 4 adjacent processors.’

On the system, besides the control circuit and the in-
terface towards the host computer, there 1s an I/O bus
vhich permiras to load or downlead data from processors
without interfering the functioming of the ALU. This
caracteristicg helps further to incresse the performance
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of the system,
A processor employs appreximatively 2.6 pus to add two
numbers rappresented on § Bits; executing simulcaneously
144 .guch operation, we obtain a global time of over 50M.
éddi;ioﬁs for second. The real computationl power and
the acceleration of the thrﬁughput with the GAPP can be
put in evidence during image nlaboration being possible
with ‘such architecture to elaborate l44 pixels of the
image in parallel.
Let us consider a simple algorithm as that of two images
addition. Let A and B be two images of dimension HNxN
and let us construct the image C resulting of the addi-
tion of A and B, every pixel of C result to be defined
by the relation:
C{L,§):mAL,334B(1,5) 1,1 = 1,2,....,N
The execution of such an algorithm on a Von-Neuman se-
quential architecture requires exactly NxN machine cye-
las; the same algorithm executed on a GAFP architecture
requires (NxN)}/l4h4 machine cycles. In an similar way is
possible to verify that the Sobel transform calculation
like other local tramsformation on a set of 144 pixels
requires 800 cycles on the GAPP, against 12000 required
by a tipical sequential architecture execution.
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Fig. 3 Communication lines among 4 processor elements.

Several systolic algorithm, from the bottom to top le-
vels, have been deaigned to exploit tpe GAPP computati-
onal speed. In the next paragraph we are going to de-
scribe an interesting application to the problem of
image segmentacion.

AN ALGORITHM FOR IMAGE SEGMENTATION.

The problem of digital image segmencarion is a funda-
mental step for any automatic pattern recognition pro-
cess,

l” The scope of the segmentation process can be subatanti-
l" ally different according the image type o be analyzed
:?udﬂf and it i8 evidenrely linked to the analysis to he per-
formend on the image.
:1 For instance in the image elaboration of cytogemetic
'! sampfe the segmentation must allow us to extract and
identify several biological components (cells, read or
white cells, chromosomes, etc.), In the other case like
the robotic vision, the segmentration requires a deeper
analysis and it is asked for the identification of the
single components, areas or reglons forming the picto—

rial scepe to be analyzed.
Formally, the problem can be ronsideredas labeling pro-

Fig.2 Internal
architecture of
a Processor
element

iy s b 2
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cess by which it is possible to.assign to each pixel of
the input image an identificative value (label) of the
reglon to which the pixel belongs. .
In the related literature, there are ‘a lot of algorithms.
some based on a local operator analysis (Gradient, Lapla-
cian, etc.), others om a reglonal analys;s (histograms
manipulation, reglons growing, etc.), but however they
have out of consideration from a contestual analysis of
the whole image. It is easy to convince ourselves how
such algorithms fail when the regions forming the image
are more structured, for istance when those are composed
of textures.
In previcus papers by the authors, it has been proposed
an algorithm for image segmentation based on a structu-
ral analysis, In the following.we_indicate.with the term
"structure" each region of the image that verifies one
or more uniformity rules and because of this can be con-
sidered as an independent entity. It 1s clearly evidente
that the structure concept is deeply related to well kno-
. From the above, & structure can
be thus caracterized locating a component element (piece
of the structure} that repeat itself in an isomorphic
way certain number of times in two dimension.
The propused algorithm is organized in two phases: -
Phase 1: In this phase all the structures presented on
the image are underlyned, the same for the areas not
qualified as such being a tramnsiction élace between one
structure dnd another {contours of the regions).
Phase 2: In the gecon phase the algorithm pro-ede toward
a comparative analysis of the structures trying to make
a corrispondenze {through similarity functions) between
the individual structures found in the previous step-
We will describe in this paragraph the computational as-—
pects related to the first phase of the algorithm, under-—
lying the fact of how is possible to optimize the perfor-
mance passing from a sequential to a syscolic implemen—
tation.
The algorithm starts leoking for. a pixel that haa- not
yet being classified as belomglng to a reglon. Let "
be such a pixel, the algorithm proceeds with the formu-
lation and verification of several hypothesis about the
possibllity to locate a structure starting’from the ne-
ighbouring region of the pixel.
To hypothize a structure means to LTy a partition (the
biggest one) of the neighbouring region gith elements
{windows) of dimension W, igomorphic: among them.
Let Ar be the number of analogue windows, and let By be
the total number of windows tested; the verification of
the hipothesys can be obtained testing the ratio:
Spi=Ar/By
with a change in r, the ratio S will take the maximum
value corresponding to the dimension Wy to which is
asaoclated the best particion approximating the region
under study. !
After ‘labelling all

wn concept of "texture'

the pixels belonging to such region
with the label k", the algoricthm resume for the loca-
tion of an eventual "k+1" region. -

Introducing parallel processing by systolir arrays has
result in a relevant contribution for the location of
the partitions. In a sequential context, a partition is
build from a sample piece and proceeds adding, one at
the time, .other fsomorphic pieces. It is evident how
this procedyre can get higher elaboration timés, in par-
ticular when the pleces defining the partition have a
small dimension.
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In the systolic implementation of the algorithm, it has
been possible to reduce by 1/8 factor the time required
for this phase. I; fact, for each expansion cycle of the
partition, we ﬁqn verify the isomorphism between the sam
ple piece and other pieces, potential blocks belonging
to the partition. Ia fig. & is shown how the relative
pixels of the B pieces to be compared (Pp,......P7) ave
each time assembled into the processors RAM, It shoul-
be noted how 128 bits of the RAM available on each pr -
cessor, are subdivided in & different wemory planes, ecact
of which (8-bit sequencial planes) can host one of the
eight plece to be compared.
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Fig. 4 Plece arrangement in the processor RAM during
comparision.
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CONCLUSIOK.

In the paper, the esential features of the systolic ar-
chitecture, havebeen prgposed ., and also has been shown
how this architeccure ¢an be convenientely used for di-
gital image processing application. We must underlying

on the other hand, that the state-of-art both HW and SW
of this architecture has not yet reached standardized

iz levels and put limits on more wider utilization.
. According to our point of wiew, we will expect that in
* the years to come, becawe availlable systolic architec-—

tures with more advanced features, particularly with:

1) Higher number of integrated processors, at least
1024x1024;

2} Higher memory capacity for each processor;

3} A wider apectrum of Iinmstruction codes;

4) Sofcware tools for high level programming environmenc
on systolic processors,
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