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ABSTRACT
Main goal of the paper is to introduce a branch prediction
scheme suitable for energy-efficient VLIW (Very Long In-
struction Word) processors aiming at reducing the energy
associated with the prediction phase by filtering the accesses
to the branch predictor block. To analyze the effectiveness
of the proposed low-power branch prediction scheme, we
combined it to some well-known dynamic branch prediction
techniques suitable for VLIW processors. Experimental re-
sults have been carried out on Lx, a 4-issue VLIW architec-
ture with 6-stage pipeline. The proposed solution implies a
performance improvement of 7% on average and an average
energy reduction of 15%.

Categories and Subject Descriptors
C.1.0 [Processor Architectures]: General

General Terms
Design, Performance
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1. INTRODUCTION
Static as well dynamic branch prediction schemes could

be applied to optimize system performance. Traditional
prediction methods could be applied also to VLIW architec-
tures [1] but, up to now, they haven’t been implemented due
to their relevant hardware overhead. In fact, most VLIW
processors (such as Philips Trimedia or TI VLIW processor
family) prefers to use static branch prediction techniques
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associated with other hardware (e.g., predication) and soft-
ware (e.g. trace scheduling) mechanisms [2,3]. Among static
techniques, branch delay slots [2] are also used to overcome
branch penalties in VLIW processors. In this scheme, the
branch is delayed until the outcome is known and a fixed
number of instructions after the branch are committed. The
main drawback of these techniques is that they are applied
at compile time on the basis of static or profiled information.
In this paper, we will show that dynamic branch prediction
techniques can be used for VLIW processors to obtain low
energy consumption and increases performances at the ex-
pense of limited area overhead.

The main goal of this paper is to propose a low-power
branch prediction architecture for VLIW processors. The
basic idea consists of exploiting the pre-fetch decompression
buffer of VLIW processors to filter the accesses to the branch
predictor block. Only if a branch is detected in the de-
compression buffer, the branch prediction logic is activated,
thus reducing the number of accesses to the branch predictor
and consequently the related power dissipation. To analyze
the effectiveness of the proposed low-power branch predic-
tion scheme, we combined it to some well-known dynamic
branch prediction techniques suitable for VLIW processors.
The analyzed branch predictors are characterized by simple
hardware implementations, matching the low-power charac-
teristics of the target VLIW processors.

The paper is organized as follows. Section 2 introduces
some previous works on branch prediction schemes as well
as design space exploration. The target design space is in-
troduced in Section 3, while the proposed low-power branch
detector scheme is presented in Section 4. The experimental
results carried out on the Lx VLIW architecture are shown
in Section 5, and finally some concluding remarks and future
evolutions of the work are reported in Section 6.

2. BACKGROUND
Branch prediction can be static or dynamic. Static branch

prediction associates, with each branch of a program, a fixed
prediction that is used every time the branch instruction is
met in the stream. Dynamic branch prediction associates a
variable prediction with each branch, that is updated based
on a specific policy.

A dynamic branch prediction technique is usually com-
posed of two interacting mechanisms [2]: a branch outcome
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predictor and a branch target predictor. The branch outcome
predictor is used to forecast the direction of the branch, i.e.,
taken or not taken, while the branch target predictor com-
putes the taken address of the branch. These two modules
are used by the instruction fetch unit to predict the next
instruction to be fetched from the memory: if the branch
is predicted as not taken, the program counter is normally
incremented; otherwise, the branch target predictor is ac-
cessed to retrieve a prediction of the target of the branch. If
the branch outcome predictor is accessed during or after the
decode stage, then it is not necessary to access the branch
target predictor since the target of the branch may be ex-
actly known at that time. However if a branch prediction is
needed during the instruction fetch stage (as is usually the
case), a branch target predictor is needed since at that time,
the target of the branch has not yet been decoded.

Several structures have been proposed for the implemen-
tation of branch outcome predictors [4]. A Branch Predic-
tion Buffer (BPB) or Branch History Table (BHT) is a sim-
ple dynamic branch outcome predictor that is built above a
small memory accessed using the lower bits of the PC of the
current instruction. The memory can contain the previous
outcome of the branch, stored with one bit, or a set of bits
representing the state of a branch prediction state machine.

A correlating branch predictor [5] is a more complicated
form of BPB, in which the prediction is conditioned also
by the history of the previously executed branches (stored
in a branch history register, BHR). A Gshare [2] predictor
is a dynamic two bit predictor that is indexed by a XOR
between the branch address and the branch history. This
is also called local/global branch predictor [6]. In this case,
the outcome of the XOR is used to access a pattern his-
tory table that contains the state of a two bit saturating
counter. In [7], the branch history is used alone to access
the pattern history table, that is represented as a generic
state machine. This branch predictor is also called GAg (or
global/adaptive/global). A GAs (or global/adaptive/set)
predictor is very similar to the Gshare except for the fact
that the branch address is concatenated with the branch
history register to access the pattern history table.

A tournament branch predictor [2] exploits a saturating
counter to choose between two different predictors (say A
and B). Generalization of such type of predictor are also
called hybrid predictors [8]. One of the most used implemen-
tation of branch target predictors is the branch target buffer
(BTB) [2]: a branch prediction cache storing the predicted
address for the next instruction after the branch. Tags are
used in the cache to select the correct branch prediction.
BTB entries can be managed with the same policy of the
BPBs, i.e., with a simple 1-bit history (BTB1) or an n-bit
saturating counter (BTBn) [9].

A work concerning branch prediction and power/perfor-
mance exploration recently appeared in the literature [10].
In this work, several branch prediction organizations for su-
perscalar processors have been analyzed from the power/per-
formance standpoint.

3. TARGET DESIGN SPACE
The first goal of this paper is to present a power/perfor-

mance characterization of the design space composed of sev-
eral branch prediction mechanisms suitable for a Very Long
Instruction Word (VLIW) processor. Our target VLIW ar-
chitecture has been directly derived from the Lx processor, a

scalable and customizable 4-issue (VLIW) pipeline architec-
ture. Lx is a family of VLIW processors for embedded sys-
tems jointly designed by STMicroelectronics and Hewlett-
Packard Labs [11]. The original Lx static branch predictor
(that predicts always branch not taken) has been substi-
tuted by a configurable dynamic branch predictor. In our
exploration, the branch prediction schemes used by the con-
figurable branch predictor are based on BHT, GAs and BTB
with two different replecement policies.

For the BHT and GAs predictors, the design space is
composed of the number of entries in the history table that
can assume the following values: 16, 32, 64, 128, 256, 512,
1024. For the two predictors based on Branch Target Buffer
(BTB1 and BTB2), we have chosen a very large design space,
since the architecture of the Target Buffer is very similar to
a cache. The BTB design space is composed of size (16B
to 1KB), degree of associativity (Direct Mapped to Fully
Associative) and number of bits to address the BTB (4 to
28). The variable size of the address of the BTB could im-
ply some inaccuracies in the branch prediction. More in
detail, the address sent to the BTB can be decomposed into
two fields: index and tag. The index is used for referencing
the correct cache line while the tag is used to avoid alias-
ing problems associated with branches with the same index.
Varying the size of the address, in our case, means vary-
ing the size of the tag that is compared when accessing the
cache line. The reduction of the size of the comparison im-
plies an energy saving but a loss of accuracy of the branch
predictor [12].

4. LOW-POWER OPTIMIZATION
The binary code of a ’pure’ VLIW processor is usually

quite full of NOP operations, since the compiler cannot fill
all the available parallel slots with a corresponding use-
ful operation. To solve this problem, several compression
mechanisms have been proposed; for example the TI TMS
320C6x uses a flexible instruction encoding that is used to
indicate parallel and serial operations within a word; dur-
ing the instruction fetch phase, only parallel operations are
sent simultaneously to the back-end of the pipeline. The Lx
processor [11] has a very similar mechanism to decompress
long instructions, i.e., a small prefetch buffer that has the
size of two long instructions.

For our pourposes, the Lx architecture has been modified
by substituting the fixed prefetch buffer with a buffer of
variable length (see Figure 1). This buffer is used to extract,
in the instruction fetch stage, the next bundle to be decoded.
This mechanism is similar to an instruction queue, in which
each element has a variable size.

To reduce the energy dissipation due to the use of the
Branch Predictor, we implemented a selective technique to
access this block only when a branch occurs. Figure 1 shows
the implementation of this technique. When operations are
fetched from the instruction cache and stored in the de-
compression buffer (Instruction Buffer), a Branch Detector
(BD) partially pre-decodes the instructions to find a possi-
ble branch. The implementation of the BD is dependent on
the encoding of the branch instruction. If a branch is de-
tected, its PC is sent to the branch prediction block in order
to activate the branch prediction, otherwise the instructions
in the decompression buffer are sequentially executed. The
implementation of the BD block (see Figure 1) introduces a
delay corresponding to two logic levels to the critical path
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Figure 1: The proposed branch detector (BD) for
pipelined VLIW processors

of the fetch stage. When the decompression unit is empty,
branches are directly sent to the decode unit and the branch
detector cannot activate the branch predictor block. This
implies an increased delay due to the de-activation of the
branch predictor.

5. EXPERIMENTAL RESULTS
In this section, we present the power saving results ob-

tained by introducing the Branch Detector mechanism pro-
posed in Section 4 for the target design space introduced in
Section 3. The target system under consideration is based
on the Lx microprocessor. The applications used for the
characterization are a set of multimedia benchmarks taken
from the Mediabench Suite [13]. The experimental results
have been obtained by using an augmented Instruction Set
Simulator of the Lx architecture in which the power models
of the Lx core [14] and of the various branch predictors have
been plugged in. In particular, the ISS is composed of the
following modules:

- An instruction-accurate timing estimation module con-
taining the power model of the core. According to [14],
the ISS power model has an average error of 1.9% with
a standard deviation of 5.8% with respect to gate level
power estimation of the reference design. The power
consumption of the processor core running at 200 MHz
ranges between 200 [mW] and 700 [mW].

- An instruction decompressor simulator that simulates
the issue of operations to the decode phase and the
delay due to the decompression phase. This module
contains also the configurable power model of the de-
compressor.

- A configurable branch predictor simulator and power
model derived from the cache model described in [15].

As evaluation metrics, we have chosen the relative energy
of the system (measured as the ratio between the actual
configurations energy and the reference Lx energy) and the
relative delay of the system (measured as the ratio between
the execution clock cycles of the actual configurations and
those of the reference Lx). In the rest of the paper, percent-
age values representing speed-up or energy reduction must
be intended as referred to the reference configuration of the
Lx processor that, as we said before, has only a static branch
predictor.
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Figure 2: Energy delay scatter plot
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Figure 3: Energy delay scatter plot. (BD enabled)

5.1 DSE Results - Without Branch Detector
In this section, we show the overall results obtained by ex-

perimenting with the exploration method presented in Sec-
tion 3 (without the proposed BD mechanism). Figure 2
shows the two dimensional scatter plot of the average rel-
ative delay and the relative energy of the different branch
predictor configurations. As can be seen, for the specific
design space, there are only few points rapresenting the op-
timal solution (Pareto Curve). These points are associated
with the GAs and BHT branch predictors, that are also
characterized by the highest accuracy in terms of prediction
and consequently a performance improvement. The reason
of this is due to the fact that many of the branch predictors
we explored are very small in terms of area and power con-
sumption, thus they imply a negligible impact on the energy
consumption. In fact, as can be seen, the energy behavior
of the different configurations depends proportionally on the
delay of the system. Figure 2 shows also the energy and de-
lay configurations of the original architecture (indicated as
Lx reference architecture). As can be seen, the same energy
consumption of the original architecture can be obtained, by
using some of the predictors, with a decreased value of the
delay.

5.2 DSE Results - With Branch Detector
The same design space exploration has been repeated for

the Branch Detector technique. Figure 3 shows the results
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of the exploration when the proposed BD is used. We can
observe a behavior similar to those shown in Figure 2: in this
case, the scatter plot is translated along the energy axis.

Comparing Figure 3 with Figure 2, we can note that the
number of predictors showing a better behavior in terms
of both energy and delay with respect to the Lx reference
architecture is significantly increased. This is justified by
the fact that, by using the BD, we can perform a filtered
access to the branch predictor, thus resulting in an overall
energy saving.

0

0,2

0,4

0,6

0,8

1

1,2

1,4

1,6

1,8

1 2 4 8

Decompression Buffer Depth

N
or

m
al

iz
ed

 E
ne

rg
y

BTB_1
BTB_2
BHT
GAs
Lx

0,8

0,85

0,9

0,95

1

1,05

1 2 4 8

Decompression Buffer Depth

N
or

m
al

iz
ed

 D
el

ay BTB_1
BTB_2
BHT
GAs
Lx

Figure 4: Behavior of the energy and delay of
the system when changing the decompression buffer
depth

Figure 4 shows the behavior of the energy and delay of
the system when the decompression buffer depth is varied
(the size of the predictors is of 256 entries). As can be seen,
the GAs branch prediction scheme is always the best tech-
nique both in terms of energy and delay, while the reference
configuration is always the worst for each value of the depth.

Regarding the four architectures analyzed, a trade-off ex-
ists between energy and delay. The highest energy saving
(20%) can be reached with one-entry decompression buffer
with GAs with 5% of performance improvement. The high-
est performance improvement (7%) can be obtained with
eight-entry decompression buffer with GAs, without energy
savings.

In conclusion, the results have shown an overall energy
reduction demonstrating that the area(energy) overhead in-
troduced by the BD block has been traded off by the per-
formance and energy savings of the overall processor.

6. CONCLUSIONS AND FUTURE WORK
In this paper, a low-power branch prediction technique has

been proposed to exploit the pre-fetch decompression buffer
in VLIW processors. Experimental results have shown an
average energy saving of 15% while ensuring an average per-
formance improvement of 7%. As future evolutions of the
present work, we can envision to combine the proposed anal-
ysis of branch prediction architectures with static prediction
techniques for VLIW architectures. The combined effects of
both static and dynamic techniques to predict branch behav-
ior could provide better performance improvements while
reducing power dissipation.
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