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Abstract

The goal of this paper is to show that instruc-
tion level parallelism (ILP) and data-level parallelism
(DLP) can be merged in a single architecture to exe-
cute vectorizable code at a performance level that can
not be achieved using either paradigm on its own. We
will show that the combination of the two techniques
yields very high performance at a low cost and a low
complerity. We will show that this architecture can
reach a performance equivalent to a superscalar pro-
cessor that sustained 10 instructions per cycle. We
well see that the machine exploiting both types of paral-
lelism improves upon the ILP-only machine by faclors
of 1.5-1.8. We also present a study on the scalabil-
ity of both paradigms and show that, when we increase
resources to reach a 16-issue machine, the advantage
of the ILP+DLP machine over the ILP-only machine
increases up {0 2.0-3.45. While the peak achieved IPC
for the ILP machine ts 4, the ILP+DLP machine ez-
ceeds 10 wnstructions per cycle.

1 Introduction

Historically, there have been two different ap-
proaches to high performance computing: instruction-
level parallebsm (ILP) and data-level parallelism
(DLP). The ILP paradigm seeks to execute several in-
structions each cycle by exploring a sequential instruc-
tion stream and extracting independent instructions
that can be sent to several execution units in parallel.
The DLP paradigm, on the other hand, uses vector-
ization techniques to specify with a single instruction
(a vector instruction) a large number of operations to
be performed on independent data.

The ILP paradigm has been exploited using com-
binations of several high performance techniques:
superscalar out-of-order execution [2, 21], decou-

*This work was supported by the DGUI of Canarian Au-
tonomous Comunity, Spain

tThis work was supported by the Ministry of Education of
Spain under contract TIC 0429/95 and by the CEPBA.

0-8186-8332-5/98 $10.00 © 1998 IEEE

217

pling [17, 12], VLIW execution [20, 6] and multi-
threading [1, 19, 7]. The current generation of micro-
processors all use superscalar execution coupled with
a complex memory hierarchy based on several cache
levels to attempt executing several instructions per
cycle.  VLIW processors have long been researched
but have not reached the mass market due to their
software compatibility problems. Multithreading is a
technique being actively researched that might appear
in commercial products in a few processor generations.

Measurements of actual performance of appli-
cations running on machines exploiting the ILP
paradigm [5], show that the actual IPC achieved falls
very short of the theoretical peak performance of the
machine. Many studies have pointed out that this
lack of performance can be due to different effects,
such as cache Misses, i-cache misses, branch mispre-
dictions, memory dependences, lack of program par-
allelism, etc.)

The DLP paradigm has been exploited using vec-
tor instruction sets and appears primarily in parallel
vector supercomputers [16, 11, 13]. The DLP model
has many advantages: a small number of instructions
can specify many independent operations, yields sim-
ple control units, has efficient instructions to access
the memory system and can be easily scaled up to
execute many operations per cycle. The main draw-
back of the DLP paradigm is that it is not as general
purpose as the ILP paradigm. It can provide large
speedups mostly for highly regular, vectorizable, ap-
plications. Interestingly enough, the ILP and DLP
paradigms have been always exploited independently.

The goal of this paper is to show that ILP and
DLP can be merged in a single architecture to exe-
cute regular vectorizable code at a performance level
that can not be achieved using either paradigm on its
own. We will try to show that the combination of
the two techniques yields very high performance at a
low cost and a low complexity: the resulting architec-
ture has a relatively simple control unit, tolerates very
well memory latency and can be easily partitioned into
regular blocks to overcome the wire delay problem of






