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Abstract

Microarchitectural prediction based on neural learning
has received increasing attention in recent years. However,
neural prediction remains impractical because its superior
accuracy over conventional predictors is not enough to off-
set the cost imposed by its high latency. We present a new
neural branch predictor that solves the problem from both
directions: it is both more accurate and much faster than
previous neural predictors. Our predictor improves accu-
racy by combining path and pattern history to overcome
limitations inherent to previous predictors. It also has much
lower latency than previous neural predictors. The result is
a predictor with accuracy far superior to conventional pre-
dictors but with latency comparable to predictors from in-
dustrial designs. Our simulations show that a path-based
neural predictor improves the instructions-per-cycle (IPC)
rate of an aggressively clocked microarchitecture by 16%
over the original perceptron predictor.

1 Introduction

Branch misprediction latency is the most important com-
ponent of performance degradation as microarchitectures
become more deeply pipelined [20]. Branch predictors
must improve to avoid the increasing penalties of mispre-
dictions. Branch predictors based on neural learning are the
most accurate predictors in the literature [12, 10], but they
are impractical because the advantage of the extra accu-
racy is nullified by high access latency, even when latency-
sensitive predictor organizations are used [7]. This latency
is due primarily to the complex computation that must be
carried out to determine the excitation of an artificial neu-
ron.

We present a new, practical neural branch predictor. Its
latency is much lower than previous designs and is com-
parable to that of conventional predictors used in industrial
designs, making it practical for implementation in a high-
frequency microprocessor. At the same time, its accuracy is
superior to that of previous highly accurate predictors.

Figure 1 illustrates how our new predictor achieves low
latency by beginning well ahead of time. The predictor
staggers computations in time, predicting a branch using a
neuron selected dynamically along the path to that branch,
rather than selecting the neuron all at once based solely on
the branch address. A happy side-effect of this selection
process is improved accuracy because the predictor is able
to correlate with path history as well as pattern history.

We show that our path-based neural predictor has a mis-
prediction rate 7% lower than that of the original perceptron
predictor, and because of its improved latency it delivers
an IPC 16% higher than that predictor at a 64KB hardware
budget.
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Figure 1. Rather than being done all at once
(above), computation is staggered (below).

This paper is organized as follows: Section 2 briefly dis-
cusses related work. Section 3 gives background in neu-
ral branch prediction and explains the new prediction algo-
rithm. Section 4 describes our experimental methodology.
Section 5 gives the accuracy and performance results of our
experiments. Finally, Section 6 concludes the paper.
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2 Related Work

2.1 Neural Prediction

Calder et al. use neural networks to perform static
branch prediction [4] at compile time. Features such as
control-flow information are used to train a neural network
to distinguish between branches that are likely to be biased
taken from branches that are likely to be biased not taken.

Dynamic branch prediction with neural methods was
first proposed by Vintan et al. [23] who explore the use of
learning vector quantization, a neural method. The result-
ing branch predictor achieves an accuracy comparable to a
table-based branch predictor.

2.1.1 Branch Prediction with Perceptrons

The original perceptron predictor [9] uses a simple linear
neuron known as a perceptron [1] to perform branch pre-
diction. Perceptrons achieve better accuracy than two-level
adaptive branch prediction because of their ability to exploit
long history lengths which have been shown to provide ad-
ditional correlation for branch predictors [6]. Another study
suggests ways to implement the predictor using techniques
from high-speed arithmetic [10], but the latency of the pre-
dictor is more than 4 cycles with an aggressive clock rate.
Despite its drawbacks, neural prediction has been suggested
as a promising technology for future microprocessors [16].
It has become part of one of Intel’s IA-64 simulators for re-
searching future microarchitectures [2]. It has been used as
a component in studies of hybrid predictors [12, 22] and is
the most accurate single-component branch predictor in the
literature [12, 10].

2.2 Path-Based Prediction

Our path-based neural predictor achieves superior accu-
racy and low latency by choosing the neural weights based
on the path taken to reach a branch rather than the branch
address itself. Branch outcomes are highly correlated both
with path and pattern histories [14, 21]. Previous work has
also explored the use of path information to improve branch
predictor accuracy.

2.3 Latency-Sensitive Prediction

As hardware budgets for branch predictors expand, re-
search has begun to focus on balancing the tradeoff between
accuracy and latency important for large predictors with
high latencies. Jiménez et al. survey several techniques
for mitigating branch predictor delay [8]. The most com-
mon technique is overriding, in which a quick but relatively

inaccurate predictor guides instruction fetch in a single cy-
cle, and may be corrected by a slower but more accurate
multi-cycle predictor. This approach was used for the Al-
pha EV6 and EV7 cores [11] and was proposed for the Al-
pha EV8 [16]. The overriding technique does not scale well
as branch predictor latency increases because the penalty
for an overriding event becomes substantial [7].

Other studies propose pipelined branch predictors [21, 7,
17] to mitigate latency. The main source of latency for most
large branch predictors is the access delay to the memories
used to implement the pattern history tables. The latency of
the perceptron predictor is dominated by computation time.

3 A Path-Based Neural Predictor

In this section, we review the relevant details of previous
work on neural branch prediction. In this context, we give
the intuition behind the path-based neural predictor. We
then give a detailed explanation of the path-based neural
predictor.

3.1 Branch Prediction with Perceptrons

The perceptron predictor uses perceptron learning [15, 1]
to predict the directions of conditional branches [9, 10]. We
review the design of the perceptron predictor, describing
algorithms using an Algol-like pseudocode with keywords
in boldface and comments in italics. We use taken and
not taken as meaningful names for Boolean constants.

The perceptron predictor is similar to other predictors in
that it keeps a global history shift register that records the
outcomes of branches as they are executed, or speculatively
as they are predicted. The width of this register is the history
length for the predictor, hereafter referred to as

�
.

The perceptron predictor keeps an ����� ���	��

matrix��
 ����� ��� ��� ����� ���

of integer weights, where � is a design
parameter. Weights are typically 8-bit bytes. Each row
of the matrix is an � ������


-length weights vector. Each
weights vector stores the weights of one perceptron that
is controlled by perceptron learning. In a weights vector� 
 ����� ��� , the first weight, � 
 � � , is known as the bias weight.
Thus, the first column of

�
contains the bias weights

of each weights vector. The Boolean vector � 
 � ��� ����� � ��� �"! �  
taken

�
not taken

!
represents the global history

shift register.

3.1.1 Prediction and Update Algorithms

Figure 2 gives pseudocode for the prediction and update al-
gorithms for the original perceptron predictor. The predic-
tion algorithm returns a Boolean value predicting the branch
at address pc.
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