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The characteristics of programs combine with processor micro-architecture to
further reduce the utilization of register files bandwidth. The length and by-
passing capabilities of the pipelines, and the width of instruction issue, affect
the utilization of register file bandwidth.

The pipeline limits register file utilization in two ways. First, some regis-
ter operands are fetched through the bypass network because their recently-
computed values are still in the pipeline. This happens automatically under the
direction of the scoreboard. Second, not all values leaving the pipeline need be
written to the register file. They usually are written, because writing them does
no harm, but such values represent write-port bandwidth going to waste,

The fraction of operands available through the bypass network can be quite
large. Tigure 2 shows the percentage of integer register operands supplied by
the bypass network as a function of the pipeline length.? Even at fairly modest
pipeline lengths, such as 5 stages, we find that 50% of the operands come from
the bypass network, not the register file.

Not all register writes need find their way to the register file. If the pipeline is
long enough, then a new value for a register may be computed before a previous
one has left the pipeline. Thus, the pipeline itself may contain dead values for
registers, and these dead values need not be written. For example, if a pipeline
has five stages, the average number of required integer register file writes per
instruction is 0.38, or 0.47 if branches are excluded. Very little write bandwidth
is required for long pipeline or multi-issue processors.

Generally, register file bandwidth is made sufficient to support the peak instruc-
tion issue rate of the processor. But the peak instruction issue rate cannot be
sustained, so some pipelines cannot get new work, and some register file ports
go idle, Hence, the utilization of the register file bandwidth can be further
diminished by a substantial amount.

Still, register files are designed as if every instruction needs two register source
operands and will always produce a register result, each processor cycle, for
each pipeline, Of the two read ports, the typical instruction requests about
one operand; perhaps half the time, that one operand is supplied through the
pipeline bypass network; and, some fraction of the time, a pipeline is issued no
instruction at all. As for writes, only about 40% of the potential writes need
actually reach the register file, assuming that an instruction was issued at all.
The utilization of register file bandwidth could easily be less than 50%.

It would be desirable, in view of the cost and inefficiency of typical register files,
to find an alternative implementation. We propose what we call the Register

#See Section 4 for a description of the simulation conditions.
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Figure 2: The percentage of register operands that are supplied by
pipeline bypasses as a function of pipeline length for the SPEC92
integer benchmarks.



Compute-to-use
instruction distance
Benchmark 1123475
008.expresso | 41 | b5 | B8 | 61 | 63

Geom. mean

022.1 40 | 47 | 53 | 68 | 69

023.eqntott 38 | 61 | 67 | 69 | 70

026.compress | 29 | 45 | 52 | 54 | b7

072.8¢ 38 [ 49 | 54 | 56 | 5T

085.gec 36 | 45 | 50 | 53 | b6
0

37 [ 50 | 55 | 60 | 62 |

Table 2: The distance, measured in instructions, between the com-
putation and the use of a register value i1s small. The cumulative
percentages for distances of 1 to 5 are shown.

Scoreboard and Cache. This method takes advantage of the locality of regis-
ter references by using register values available in the pipeline, plus additional
register values kept in a small register cache.

3 Register Scoreboard and Cache

There is substantial locality in register values: the distance, measured in in-
structions, between computing a new value and its use is often small. This
small distance is illustrated in Table 2. This table shows that, averaged across
the six SPEC92 integer benchmarks, 50% of register operands were used within
two instructions of their computation. Such strong locality suggests that caching
register values could be profitable.

A pipelined processor implicitly caches some register values. These are the reg-
isters whose new values have been computed in the pipeline but have not vet
written back to the register file. These register values “cached in the pipeline”
are accessed by the pipeline bypassing network. The completeness of the by-
pass network and the number of register values in the pipeline determine the
effectiveness of this implicit cache. Figure 2 shows the percentage of integer
register operands available from a pipeline plotted against the length of the
pipeline. This figure is consistent with the results of Table 2: 50% of all reg-
ister operands can be obtained from a short pipeline. Figure 2 also shows the
declining advantage of longer pipelines for the SPEC92 integer benchmarks.



