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Figure 12: Per-set history schemes with different im-

plementation costs.

branch fall-through (BHTmi$,, CBRjt), a miss in the

BHT which results in the conditional branch taken

(BHTma$$, CBRtk), a hit in the BHT which results in

the conditional branch fall-through (BHT~jt, CBRjt ),

and a hit in the BHT which results in the conditional

branch taken (BHThit, cBRtk).
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Figure 13: Comparison of the most effective config-

uration of each class of Two-Level Adaptive Branch

Prediction with an implementation cost of 8K bits.

The most cost-effective configuration is chosen from

each class. For global history schemes, the most

cost-effective configuration is GAs(7,32). For per-

address history schemes, the most cost-effective one

is PAs(6, 16). For per-set history schemes, the most

cost-effective one is SAS(6,4 x 16). All three chosen

schemes were simulated with a 1024-entry, 4-way set-

msociative branch history table,

PAs(6, 16) achieves the highest average prediction

accuracy among these three configurate ions. It out per-

forms the other two configurations on all the bench-

marks except for gcc and li. On gcc it suffers from

low prediction accuracy on BHT misses; however, it

performs better than GAs(7,32) on BHT hits. C)n Ii

it performs almost as well as GAs(7,32). GAs(7,32)

achieves the second among these three schemes be-

cause of its low prediction accuracy of flc)ating point

programs. SAS(6,4 x 16) is the worst with predic-

tion accuracy about 0.8 percent lower than that of

PAS(6,16).

Figure 14 compares the cost effectiveness of the

three classes of Two-Level Adaptive Branch Predic-

tion given a higher hardware budget of 128K bits for

the costs of both branch history registers and pattern

history tables. For global history schemes, the most

cost-effective configuration is GAs( 13 ,32:). For per-

address history schemes, the most cost-effective one

is PAs(8 ,256). For per-set history schemes, the most

cost-effective one is SAS(9,4 x 32). All three chosen

schemes were also simulated with a 1024-entry, 4-way

set-associative branch history table.
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Figure 14: Comparison of the most effective config-

uration of each class of Two-Level Adaptive Branch

Prediction with an implementation cost o,f 128K bits.

GAs(13 ,32) achieves the highest prediction accur-

acy among these three configurations. GAs(13,32)

gains the most increase on gcc by increasing the his-

tory register length at a cost of an extra 120K bits.

The increase is substantially better than that gained

by PAs(8,256). PAs(8,256) gains little a,ccuracy im-

provement with the extra bits, whereas SAS(9,4 x 32)

improves its performance to do almost, as well as

PAs(8,256).
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5 Concluding Remarks

We have characterized the global, per-address, and

per-set history schemes (GAg, GAs, GAp, PAg, PAs,

PAp, SAg, SAS, SAp) and compared them with re-

spect to their branch prediction performance and cost

effect iveness.

Global history schemes perform better than other

schemes on integer programs but require higher im-

plementation costs to be effective overall. Integer pro-

grams contain many if-then-else statements. Global

history schemes make effective predictions for if-then-

else branches due to their correlation with previous

branches. On the other hand, when the global his-

tory is used, the pattern history of different branches

interfere with each other if they map to the same pat-

tern history table. Therefore, global history schemes

require long branch history and/or many pattern his-

tory tables to reduce the interference for effective over-

all performance.

Per-address history schemes perform better than

other schemes on floating point programs and re-

quire lower implementation costs to be effective over-

all. Floating point programs contain many frequently-

executed loop-control branches which exhibit periodic

branch behavior. This periodic behavior is better re-

tained with a per-address branch history table. When

the per-address branch history is used, the pattern his-

tory of different branches tend to interfere less with

each other; therefore, fewer pattern history tables are

needed.

Per-set history schemes have performance similar

to global history schemes on integer programs; they

also have performance similar to per-address history

schemes on floating point programs. To be effective,

however, per-set history schemes require even higher

implementation costs than global history schemes due

to the separate pattern history tables of each set.

With respect to the cost-effectiveness of different

variations, PAs is the most cost effective among low-

cost schemes. If, for example, 8K bits are available

to implement the branch predictor, PAs(6, 16) outper-

forms the other variations with an average prediction

accuracy of 96.3 percent. However, on gee, GAs(7,32)

performs better because the backward taken, forward

not-taken default on branch history table misses used

in the PAs scheme is not effective. Among high-cost

schemes, GAs is the most cost effective. If 128K

bits are available to implement the branch predictor,

GAs(13,32) achieves the best average prediction ac-

curacy of 97.2 percent.
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