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Abstract

This study has been carried out in order to determine cost-effec-
tive configurations of functional units for multiple-issue out-of-
order superscalar processors. The trace-driven simulations were
performed on the six integer and the fourteen floating-point pro-
grams from the SPEC 92 suite. We first evaluate the number of
instructions allowed to be concurrently processed by the execution
stages of the pipeline. We then apply some restrictions on the exe-
cution issue of different instruction classes in order to define these
configurations. We conclude that five to nine functional units are
necessary to exploit Instruction-Level Parallelism. An important
point is that several data cache ports are required in a processor
of degree 4 or more. Finally, we report on complementary results
on the utilization rate of the functional units.

Keywords: Instruction-level parallelism, Superscalar micropro-
cessor, OQut-of-Order Execution, and Functional Units.

Processor

Date (ship)

Integer unit
Shift unit
Divide unit 1 1!
Multiply unit 12
Il FP add unit 1 1
|| Convert unit 1 2 1
I FP divide unit 1! 1
FP multiply unit 12 1
Data cache port 1 2 1

Table 1 — Configuration of Functional Units
! Dividers are merged in the same functional unit
* Multipliers are merged in the same functional unit
* Both units handle integer instructions but only one processes shifts while the other
processes divides and multiplies.
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1. Introduction

Nowadays, the superscalar approach is unanimously recog-
nized, but there are many trends and ways of implementing such
architectures. For instance, a branch-history table and a branch-
target buffer can be considered in order to improve the fetch effec-
tiveness through branch prediction [YePa92], as well as reserva-
tion stations to implement out-of-order execution issue [Toma67].

Nevertheless, the performance implied by such features mainly
relies on the computing capacities of the model of execution. Ex-
cept for Mike Johnson's book [John 91], few studies have been
carried out to determine the most cost-effective configurations of
functional units, especially on out-of-order superscalar processors.
Different choices have been made by manufacturers as shown in
table 1 [IbM094] [Moto91] [Sun95] [Dec95] [Mips94]. Note that
among the five processors from table 1, the PowerPC 604 and the
R10000 are out-of-order superscalar processors.

Throughout the paper, we study different configurations of
functional units according to the degree of the processor. The
lookahead window refers to all the instructions simultaneously
held in the execution pipelines. Its size is defined in harmony with
the degree.

This study was performed assuming an ideal instruction-fetch
mechanism, no cache miss and a unified instruction-issue buffer.
These assumptions were made in order to define the most cost-ef-
fective configurations of functional units while considering only
data dependencies, and they are dealt with in section 2 as well as
the model of execution and the simulation process. Results pre-
sented in this paper are for all the programs from the SPEC 92
suite. Section 3 describes these benchmarks. We then determine in
section 4 the size of the lookahead window for a degree varying
from 2 to 8. Section 5 reports on results of our simulations for a
wide variety of integer and load/store unit configurations.
Floating-point units are dealt with in section 6. Section 7 offers
some complementary results on the utilization rate of the func-
tional units. Conclusions are then summarized in section 8.

2. Model of Execution

The modeled architecture implements an out-of-order execu-
tion-issue policy and speculative execution in order to best exploit
instruction-level parallelism (ILP).

In such an architecture, after their fetching and their decoding,
instructions are dispatched from the instruction-dispatch buffer to
the instruction-issue buffer. The upper bound of the number of in-
structions dispatched each cycle is called the degree of the proces-



sor. Instructions waiting for their operands do not stall the decod-
ing: the missing operands will be forwarded to the instruction-
issue buffer. The entries of the instruction-issue buffer are similar
to the entries of the reservation stations of the IBM 360/91
[Tomab67] except that they can be linked to more than one func-
tional unit. An entry of the instruction-issue buffer holds the op-
eration as well as the source operands when available, or tags to
retrieve them otherwise. Entries holding all the values of their
source operands, may be issued except when a conflict occurs:
pipelined units begin the execution of only one instruction at each
cycle. When an execution completes, the result is forwarded to the
entries of the instruction-issue buffer which require it, if any.

Issuing techniques are the algorithms which arbitrate fireable
entries of the instruction-issue buffer. This buffer can be unified
(all entries are linked to all functional units), split (all entries are
linked to only one functional unit), or mixed. A similar mecha-
nism is called the node table by Butler and Patt in [BuPa92]. In
their paper, they show that most issuing techniques give almost
the same performance for a processor featuring a wide degree. We
therefore decided to implement the most natural algorithm named
oldest first where the entry which holds the oldest dispatched in-
struction has priority over the others.

To manage interrupts precisely, an entry associated to each
dispatched instruction is enqueued in a reorder buffer. However,
operand values or tags are always obtained during the decoding
[SmPI185]. The reorder buffer maintains the initial program order,
and its size defines the upper bound of the number of instructions
which can be simultaneously processed after their dispatch. As
mentioned below, this upper bound is the size of the lookahead
window. When an instruction is executed, the result is also for-
warded to the associated entry of the reorder buffer since it does
not directly update the register file. The update will occur when no
previously dispatched instruction can still generate interrupts. In-
structions which may generate interrupts, are conditional
branches, divides, and memory accesses. In the latter instruction
class, subsequent instructions cannot update the file until the end
of the address processing only. Once the register file is updated,
the instruction is retired or completed: the entry is dequeued.
Each cycle, multiple out-of-order retirements can be made.

To sum up, the different states followed by an instruction are
fetched, decoded, dispatched, issued, executed and retired.

As we want to point out in this study the most cost-effective
configurations of functional units to exploit instruction-level par-
allelism disregarding any other parameters which can lead to per-
formance degradation, we assume:

« an ideal instruction-fetch mechanism : no instruction-cache
miss, no branch misprediction and a dispatch only limited by
the degree of the processor and the fullness of the reorder
buffer,

e no data-cache miss,

« aunified instruction-issue buffer, in order to have an ideal is-
sue scheme. Moreover the choice of another issuing technique
(which gives roughly the same performance as oldest first)
may not modify our result.

Table 1 shows that superscalar processors implement several
functional units, each capable of servicing different instruction
classes. We define these classes according to their functionality as
follows:

* integer : arithmetic and logic operations,

» shift : shifts and bit-field manipulations,

* integer multiply,

» integer divide,

« loadistore: memory loads and stores

* floating-point arithmetic,

» floating-point convert,

« floating-point multiply,

» floating-point divide.
We used the pixie profiler [Smit91] in order to produce instruc-
tion traces from a real processing of the SPEC benchmarks. From
all the data reported by this software, we picked out only the op-
code and the memory address (in the case of a memory access) for
each instruction. These traces are read by our simulator which per-
forms a cycle-by-cycle simulation and gathers the mean number of
instructions retired per cycle (IPC). As previously outlined, the
simulator models an ideal instruction-fetch mechanism. Thus, it
only takes into account the degree of the processor, the size of the
lookahead window, the memory and register data dependencies,
and the configuration of functional units we want to evaluate.

Load/store instruction can bypass a store if, and only if, both
addresses are known (the value to be stored is forwarded to the
load when addresses match). Furthermore, the memory access of
stores starts only when all previous instructions cannot produce
interrupts anymore, in order to preserve memory coherency.

Latencies of the instruction classes which are listed in table 2,
are those of the PowerPC 604. All functional units but divide
units, are fully pipelined and mutually independent.

Finally, we wrote another simulator modeling an in-order issue
scalar processor, that only keeps track of register and memory data
dependencies. The basic assumption is that the current instruction
can be executed whatever the processor state is, except of course
when its operands are not yet processed. Performance results from
this simulator are the best we can expect from an in-order issue
RISC scalar processor without any branch-prediction scheme. In
this paper, speedups are related to this scalar processor.

“ Instruction class | Latency " Instruction class | Latency "
integer 1 [p arithmetic 3
shift 1 fp convert 1
integer multiply 3 [ multiply 3
integer divide 20 fp divide 18s /31d
load/store 2/3 S [0 cingle procusion and d for double
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Table 2 — Latencies

3. Benchmarks

3.1 Imstruction Traces

The results presented in this paper are for programs from the
SPEC92 suite [Spec92]. Two subsets are defined: CINT92
(integer) and CFP92 (floating-point). In order to make our evalua-
tions, we use all programs from both sets (the 6 CINT92 and the
14 CFP92 programs). They were compiled on a R4600-based SGI
workstation using the standard makefiles provided with the suite
(with all optimizations turned on).As previously mentioned,
pixie has been used to generate instruction traces (all NOPs be-
ing removed). Except for backprop, dnasa7, wave$, and spice2g6,
all the programs have been run to completion: the smallest input
files or slightly modified versions have been used. In all, about
600 million instructions have been captured. Because of initial-
izations which do not concern floating-point data, we did not trace
the first 200 million instructions of spice2g6 but the next 50 mil-
lions. Table 3 gives the mean distributions.



branch
jump 2.5% 1%
conditional branch 18.7 % 73 %
memory access 37 % 417 %
load 25 % 315 %
store 12 % 10.2 %
integer 41.8 % 238%
arithmetic and logic 37 % 213 %
arithmetic 26.7 % 195 %
logic 103 % 1.8%
shift 4.6 % 23 %
| multiply 0.1 % 0.1%
divide 0.1% 0.03 %
floating-point
arithmetic
convert
multiply
divide

Table 3 — Mean Distribution
3.2 Arithmetic and Harmonic Mean

The arithmetic mean and the harmonic mean are related by this
formula:

1
Arithmetic Mean (unit™)

Throughout the paper, our conclusions are based on mean re-
sults. We assume that a mean workload consists in the execution
of the same number of instructions from each benchmark. For
each of these benchmarks, simulation results give a mean temporal
cost in cycle per instruction (CPI). The right way of processing
the mean of IPC values is therefore the harmonic mean (the arith-
metic mean for CPI values).

The speedup of a given configuration is the harmonic mean of
IPC results from simulations on the given configuration, divided
by the harmonic mean of IPC results from simulations on the
scalar processor.

Harmonic Mean (unit) =

Degree 2
2 g
0 -ttt
2328283828888y

Size of the Lookahead Window
(a) IPC

Speedup

4. The Lookahead Window

4.1 Definition

The lookahead window is in fact an abstract representation of
the instructions being processed. An instruction enters the window
when it is dispatched. It exits the window when it is retired. One
way to implement it is the coupling of a reorder buffer and reser-
vation stations. In this case, the lookahead window is exactly the
abstraction of the reorder buffer. The size of the window plays a
leading role in processor performance. As a matter of fact, the
lookahead window contains more and more instructions which can
be processed in parallel, as its size increases. But each additional
entry implies a hardware cost. We have therefore to minimize this
size. This section deals with the study of the impact of the size of
the lookahead window on the performance of an out-of-order is-
sue superscalar processor. This study is made according to the as-
sumptions outlined in section 2. Moreover, in order to avoid
clouding results with an arbitrary configuration of functional
units, we assume an infinite number of units. Finally, one can re-
member that the size of the lookahead window of the PowerPC
604 is 16 entries.

4.2 CINT 92

Figure 1-a plots the mean performance of the simulation re-
sults on integer programs, given in IPC, according to the size of
the lookahead window. The speedups of superscalar configura-
tions of degree 2, 4, 6, and 8, with regard to the scalar processor
described in section 2 are given in figures 1-b through 1-e respec-
tively. Indeed, it clearly appears in figure 1-a that a processor of
degree 8 does not significantly underperform a processor of de-
gree infinite (at least when the size of the lookahead window is
within realistic values, i.e. lower than 100 entries). One can won-
der about the feasibility of a processor featuring a higher degree.
The lookahead window would have to be very large in order to
give substantial performance improvement over a processor of de-
gree 8. But this raises another problem which is the validity of the
last instructions enqueued in the window: they would be depen-
dent on many predicted branches.

Therefore, we limit our studies on out-of-order issue super-
scalar processors to degrees lesser or equal to 8.

Speedup

Size of the Lookahead Window
(c) Degree 4

Size of the Lookahead Window

(b) Degree 2

Speedup

Size of the Lookahead Window
(e) Degree 8

Size of the Lookahead Window
(d) Degree 6

Figure 1 — Impact of the Size of the Lookahead Window on Performance in Integer Programs
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In figures 1-b through 1-e, the speedups level off for and after
a given size of the lookahead window. Moreover, as the degree
increases, the upper bound of IPC values moves away from the
degree itself. This degradation is due to data dependencies of
which the impact is much more important when the degree is high
(a processor of degree 2 leads roughly to a 2.0 IPC). Thus, enlarg-
ing the lookahead window would not drastically increase the per-
formance because additional instructions would be, for the most
part, dependent on at least one other instruction previously en-
queued in the window.

However, the results are given for sizes of the lookahead win-
dow up to 256 entries. Nowadays, the PowerPC 604, for instance,
implements a 16-entry window. Therefore, sizes higher than 100
seem unrealistic for the next few years, but their associated results
are plotted for comparison. One can notice that, as previously out-
lined, such results do not show substantial wins.

Table 4 summarizes the best trade-offs concerning the size of
the lookahead window and the implied performance according to
the different out-of-order issue processors. The performance
degradation with regard to a 256-entry window for each degree, is
less than 6 %. Perhaps a better-suited compiler will give improved
results for large window but certainly not enough to change our
conclusions.

Note that speedups are related to our scalar processor which
gives an IPC lower than one (0.945 IPC on CINT92 and 0.75 on
CFP92). This explains why speedups of any out-of-order super-
scalar processor can be higher than the degree.

Size of the loqk?.head windovyu

Table 4 — Size of Lookahead Windows (integer programs)
4.3 CFP 92

Figure 2-a plots the mean performance of simulation results on
the 14 floating-point programs, given in IPC, according to the size
of the lookahead window. Figures 2-b through 2-e show the
speedups with superscalar processors of degree 2, 4, 6, and 8 re-
spectively.

Degree 10
w — - Degree 8

Degree 2

8% 2853828588 885
Size of the Lookahead Window
(a)IPC

Speedup

We have not included in this paper the individual results for
each CFP92 benchmark. One has to know however that their be-
havior, according to the size of the lookahead window, is highly
dissimilar as shown with the low and high bars. In spite of these
individual results, the curves of the harmonic means in figure 2-a
increase steadily. Therefore it seems that averaging those 14
benchmarks eliminates any singular values.

Figures 2-b through 2-e clearly state that a large lookahead
window is necessary for floating-point programs to best exploit
ILP. This is due to the fact that the floating-point programs in-
volve more dependencies than the integer programs and/or the la-
tencies are longer (the mean IPC is lower). Floating-point pro-
grams require therefore a larger anticipation in order to overlap
several parallelizable operations like independent and successive
iterations of the same loop. As a result, the curves do not level off
anymore for sizes of the window lesser than 256.

From those results, we cannot determine cost-effective sizes of
the lookahead window: high IPCs mean unrealistic sizes of the
window. Thus, we keep the sizes chosen in sub-section 4.2, know-
ing that the processor cannot exploit the whole ILP of the floating-
point programs. Table 5 shows the best alternatives. It presents
the degradation of performance with regard to the performance of
a 256-entry window configuration.

Table § — Size of Lookahead Windows (ﬂoating-poin: programs)

5. Configuration of Integer and Memory Units
5.1 Universal Integer Units

In usual programs, most instructions belong to the integer and
load/store instruction classes (see table 3). In order to evaluate
first how much and which integer and load/store units are needed,
we do not limit the issuing of the other instruction classes. Thus,
any fireable instruction, except for memory access and mono-cy-
cle integer instructions, will be issued.

Speedup

Size of the Lookahead Window Size of the Lookahead Window

(b) Degree 2 (c) Degree 4
10
a 8
2 6
@
2 4
7]
2.
0
2a¥I gyrYy

Size of the Lookahead Window
(d) Degree 6

Size of the Lookahead Window
(e) Degree 8

Figure 2 — Impact of the Size of the Lookahead Window on Performance in Floating-Point Programs
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We first deal with two types of units :

* integer units which process only mono-cycle integer instruc-
tion,

» the single load/store unit which implements multiple accesses
on the memory hierarchy.

Multiple cache ports can be implemented in various ways. One
obvious way is the use of double-speed memories as implemented
in the IBM Power 2 [SmWe94], and another is to use an inter-
leaved structure in order to access multiple banks simultaneously
provided there is no conflict. This latter solution is implemented
in the Intel Pentium [Inte93] and the SGI TFP [Hsu94]. In the Dec
Alpha 21164, 2 mirrored banks are implemented in order to fea-
ture 2 load ports [Dec 95]. Consequently, no access can be issued
simultaneously with a store.

As caches are not modeled, we do not attend to a specific
cache structure. Thus, the only issuing restriction on memory in-
structions is the number of ports available.

Figures 3-a through 3-d show the mean performance from

simulations on the integer programs (given in IPC) according to
the number of integer units and of memory ports.

Figure 3-a clearly states that, in a processor of degree 2, 2 in-
teger units and 2 memory ports give 99% of the ideal performance
(unlimited number of functional units). However, 2 integer units
and 1 memory port is certainly the most cost-effective configura-
tion, reaching 95% of the ideal performance. Moreover, adding in-
teger units gives roughly no increase of performance.

Figure 3-b highlights the requirement on 2 data cache ports. A
processor of degree 4 featuring three integer units and two data
cache ports represents a substantial win (92.1 %).

The same arguments apply in a processor of degree 6 but for
four integer units and three data cache ports as shown in figure
3-c, passing beyond 92 % of the ideal performance.

Finally, as shown in figure 3-d, a processor of degree 8 re-
quires one additional integer unit and one additional memory port.
Consequently, the performance degradation is lower than 9 %.

Another important point to emphasize would be the addition in
each configuration of one more memory port. Indeed, this would
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35 | f’, —_——— e — - —
a
15 4 14 //
/
25 _J;V
£14 g 2 _/I
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15
05 1 1.4
05 4
0 { { + { } —A 0 } } 1 } } i 4
1 2 3 4 5 6 7 8 1 2 3 4 5 6 7 8
Integer Units e — - - —  §Cache Ports Integer Units
-=— = — = 4 Cache Ports
(a) Degree 2 TTT o7 3GachePons (b) Degree 4
1 Cache Port
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Integer Units Integer Units
{¢) Degree 6 (d) Degree 8

Figure 3 — Performance Effect of Integer Units and of Data Cache Ports
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nearly lead to a 5 % improvement. Nevertheless, such configura-
tions are not cost-effective because of the hardware cost of adding
one cache port. Moreover, varying the number of address process-
ings do not give better alternatives.

Results are not reported here for floating-point programs : the
outlined configurations behave the same way concerning memory
ports.

Table 6 summarizes these results.

Jegr PHOCESH
Integer/Memory/Address

Performance degradation (%)

S 3 el
Performance degradation (%

Table 6 — Configurations of Functional Units (integer units and
memory ports})

5.2 Shift Units

Up to now, we consider that mono-cycle integer units were
handling all classes of integer instructions as in the PowerPC 604,
namely arithmetic, logic and shift instructions (integer and shift
instruction classes). We must consider, as in the MC88110, the
case where some units handle part of these classes. Mixed alter-
natives have also to be considered. For instance, a configuration
can feature several units handling both instruction classes and oth-
ers handling one of them. Note that such a solution does not in-
crease the complexity of the control (i.e. the cycle time) since a

25

. Low

H-mean

High

Speedup

2 B g B
s B &
(a) Degree 2

priority list of units associated with each instruction class, can be
set up in order to help the dispatch. Moreover, the priority has to
favour the instruction dispatch in units handling only one instruc-
tion class.

In figures 4-a through 4-d, ISFU is a unit handling arithmetic,
logic and shift instructions, IFU is a unit handling only arithmetic
and logic instructions while SFU stands for a unit which handles
only shift instructions. The listed configurations are ordered by in-
creasing costs.

From all these results, it is clear that the extreme alternatives
are not good solutions since they are either too costly or they give
poor performance. In a processor of degree 2 or 4, a single ISFU
has to be implemented while the others are IFUs, Such configura-
tions give more than 99.8 % of the performance of configurations
with only ISFUs. We thus have an economy on silicon area with a
negligible performance loss. On the contrary, replacing one more
IFU by one ISFU in processors of degree 6 and 8 are cost-effec-
tive, and leads to a large increase of performance of 1.1 % and 2.4
% respectively.

Furthermore, simulations which are not reported here, show
that featuring one or several functional units handling multi-cycle
instructions gives the same results,

Finally, table 7 below summarizes all these observations and
gives the cost-effective configurations. As in previous tables,
speedups are given related to our in-order scalar processor.

Table 7 — Configurations of Functional Units (CINT92)

6. Floating-point Units

In most superscalar processors, all floating-point instructions
are handled by specific floating-point units. This implies that the
integer and floating-point data paths are decoupled as in the
PowerPC 604. In order to exploit best ILP, it seems that several
floating-point units have to be implemented. Table 1 shows vari-
ous ways of implementing such units.

Speedup

3ISFU F

1IFU+2SFU e
ISFU+2IFU
3IFU+1SFU
1IFU+3SFU g
2[FU+2SFU &
3FU+1ISFU paks
HSFU+3IFU B2

2FU+1SFU 2

—

(b) Degree 4

2ASFU+2IFU {22

(c) Degree 6

3ISFU+1IFU §

Speedup

NP NN

2 B EPEEEEREER B

g 7 123332330 3

z EEEEZEEE &
(d) Degree 8

Figure 4 — Performance of Various Configurations of the Integer Units
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Figure 5 reports on the impact of the number of issues of each sidered processors of degree 2, 4, and 6, as well as a more aggres-

floating-point instruction class on performance. The configura- sive processor of degree 8 while taking into account only register
tions listed in table 7 are used in this section. Figure 5 states that ~and memory data dependencies. We have therefore ended up with
only one issue is required for all these classes except for divides configurations which are expected not to cloud the results of fur-
which distinctively feature a non-pipelined execution with a long ther studies. The defined configurations feature 5 units in a pro-

latency. Furthermore, the number of executed divides is low, and
thus multiple issues are required primarily to allow simultaneous

executions. A divide unit can therefore be merged with another 2.
unit without a significant loss of performance as long as sub-units ===
are implemented. 154
Consequently, we define a floating-point unit (FPU) as a unit &
capable of servicing all classes. In such a unit, divides do not stall (a) Degree 2 -g‘ 14 — = == = Converts
following issues since such instructions are executed in an inde- » cooT oo D‘Xllﬁes
pendent sub-unit. 0.5 - — Ak
Figure 6 plots the speedup of configurations according to the
number of floating-point units. For a processor of degree 2, a 0 t i i i
configuration with one unit provides 93 % of the performance of a 2 Number3of Issues d
configuration featuring an infinite number of FPUs. Processors of 3
degree 4, 6, and 8 require 2 FPUs to achieve 96 %, 94 %, and = |eem—
o 24
3
(b) Degree 4 g
v 14
Table 8 — Configurations of Functional Units (CFP92) 0 ; ; } i
. . . 2 3 5
7. Occupation Rates of the Functional Units Number of Issues
Tables 9 and 10 report on the occupation rates of the previ- 4
ously defined configurations of functional units. N PPTTLEE. ST
8. Concluding Remarks =
In this paper, we have summarized the results of simulations (c) Degree 6 -g‘ 24
intended to determine cost-effective configurations of functional ]
units in order to exploit instruction-level parallelism in out-of- 14
order superscalar processors. Throughout the paper, we have con- o
[ [ 1 (]
2 3 4 5
3 Number of Issues
S
2l {1 P .
= x - o=
'% %‘ 3t”
@14 (d) Degree 8 % i
14
0
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(a) Degree 2 Figure 5 — Impact of the Number of Floating-Point Units
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5
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{b) Degree 4 (c) Degree 6 (d) Degree 8
Figure 6 — Performance of Various Configurations of the Floating-Point Units
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cessor of degree 2, and up to 9 units in a processor of degree 8.
These configurations are listed in table 11

Table 9 — Occupation Rates (CINT92)

Data Cache Port

Speedup (CINT92)

Table 11 — Final Configurations of Functional Units

The two three-dimensional graphs summarizes speedups with
regard to the in-order scalar processor, with the same assumptions
as previously. We consider the increase of the size of the looka-
head window and of the degree of the processor (X axis), and the
addition of functional units and of data cache ports (Y axis). We
are mainly interested in comparison with the executive configura-
tion of the PowerPC 604 (16-entry lookahead window, degree 4,
base).

Speedup

1IFU+1Memory Port
1ISFU+1Memory Part
1IFU+1Memory Port

D2-W16
Figure 7 — CINT 92

! the load/store unit, whatever the number of memory ports may
be, is described as a single unit.
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The first chart, which concerns integer benchmarks, confirms
our choices. For a given degree, bigger configurations present
roughly no win. The chart also brings to light that adding one
cache port and one IFU to a PowerPC 604 configuration improves
the performance by more than 36 %. Our best configuration which
is a processor of degree 8 with 4 cache ports and 3 additional inte-
ger units, gives a 2.86 speedup with regard to the executive con-
figuration of the PowerPC 604. On the contrary, lowering the
number of issues to two instructions par cycle leads to a 14 % per-
formance degradation.

Throughout this study, we assume that these improvements
can be made without degrading the cycle time.

D4-W16

D2W16
Figure 8 — CFP92

The second chart presents simulation results on floating-point
programs. The same results can be highlighted. The speedup of
the best configuration with regard to the executive configuration
of the PowerPC 604 is 2.09. One can note that adding a floating-
point unit to a PowerPC604 configuration gives only a 6.7 % im-

provement of performance.
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