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Abstract

Convergent scheduling is a general instruction scheduling framework that simplifies
and facilitates the application of a multitude of arbitrary constraints and scheduling
heuristics required to schedule instructions for modern complex processors. A conver-
gent scheduler is composed of independent phases, each implementing a heuristic that
addresses a particular problem or constraint. The phases share a simple, common in-
terface that allows to inquire and modify spatial and temporal preference for each
instruction. With each heuristic independently applying its scheduling constraint in
succession, the final result is a well formed instruction schedule that is able to satisfy
most of the constraints.

We have implemented a set of different passes that addresses scheduling con-
straints such as partitioning, load balancing, communication bandwidth, and register
pressure. By applying and hand-tuning these heuristics we are able to obtain an
average increase in speedup on a 4-cluster clustered VLIW architecture of 28% when
compared to Desoli’s PCC algorithm [Des98|, 14% when compared to UAS [OBC98],
and a speedup of 21% over the existing space-time scheduler of the Raw proces-
sor [LBFT98].

Because phases can be applied multiple times and in any order, a convergent sched-
uler is presented with a vast number of legal phase orderings. We use machine-learning
techniques to automatically search for good phase orderings, for three different VLIW
architectures. The architecture-specific phase orderings yield speedups ranging from
12% to 95% over the baseline order. Furthermore, cross validation studies that we
perform in this work show that our automatically generated orderings perform well
beyond the benchmarks on which they were ‘trained’: benchmarks that were not in
the training set are within 6% of the performance they would obtain had they been
in the training set.
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Chapter 1

Introduction

Instruction scheduling on microprocessors is becoming a more and more difficult prob-
lem. In almost all practical instances, it is NP complete, and it often faces multiple
contradictory constraints. For superscalars and VLIWSs, the two primary issues are
parallelism and register pressure. Code sequences that expose much instruction level
parallelism (ILP) also have longer live ranges and higher register pressure. To gen-
erate good schedules, the instruction scheduler must somehow exploit as much ILP
as possible without leading to a large number of register spills. Figure 1-1 shows an
example from [MPSR95] of such tradeoff.

On spatial architectures, instruction scheduling is even more complicated. Exam-
ples of spatial architectures include clustered VLIWs, Raw [WTS*97], Trips [NSBKO01],
and ILDPs [KS02]. Spatial architectures are architectures that distribute their com-
puting resources and the register file. Communication between distant resources can
incur one or more cycles of delays. On these architectures, the instruction sched-
uler has to partition instructions across the computing resources. Thus, instruction
scheduling becomes both a spatial problem and a temporal problem.

To make partitioning decisions, the scheduler has to understand the proper trade-
off between parallelism and locality. Figure 1-2 shows an example of this tradeoff.
Spatial scheduling by itself is already a more difficult problem than temporal schedul-
ing, because a small spatial mistake is generally more costly than a small temporal

mistake. If a critical instruction is scheduled one cycle later desired, only one cycle is

15






