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5.0 Conclusions and Future Work

Our contributions in this paper are two-fold: first, we described a set of six multimedia programs
that constitute a benchmark suite and justified the inclusion of these programs on the basis of their being
standards and their popularity in the field. We then presented the results of running these programs on four
different hardware platforms -- a DEC 5000/240, an HP 9000/730, a DEC Alpha 3000/400, and a SPARC-
Station 20/51 (measurements on a Pentium 90-based PC are in progress). Our results show that in general,
integer performance as approximated by SPECInt92 is not a good predictor of multimedia performance.
On the DEC 5000/240 and HP 9000/730, SPECInt ratings seem to predict multimedia performance quite
well, but this is far from true for the newer, superscalar architectures like the Alpha and the Sparc 20. We
performed several cache simulations and found highly variable miss rates from less than 1% to 20%
depending on the program for an 8KB cache. However, we also found that cache behavior did not ade-
guately explain observed performance, and measured the performance of a few microbenchmarks. These
showed that the primary reason for poor performance on the Alpha was load delay stalls even when the
data was present in the cache. On the Sparc, the reasons were poor branch performance, as well as software
integer multiplication (this was the default option chosen by the compiler; later measurements for 2 of the
programs with an option to use the hardware instruction showed performance improvements between 5
and 10%). Finally, one of the programs (MPEG encoding with high quality) showed extremely good per-
formance (118% of SPECInt) because of aggressive use of superscalar instructions and conditional moves

rather than branches.

Based on these results an experience with the Alpha and Sparc 20 architectures, we conclude that
it is much harder to predict the performance of general programs on the newer, superscalar architectures.
In addition, the promise of high performance isn’t always achieved, since high clock rates may have to be
traded off for load delay slots (like for the Alpha), and this could mean delays even on cache hits. This also
implies that traditional methods of cache simulations are not sufficient to completely explain the memory-
system performance of programs on such architectures since the access time on a cache hit doesn’t always

remain constant.
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Program RevDct (int) LDSWBranch Branch Dither Multiply | Performance
MPEGLOW | 24.3% 21.8% 16.5% 8.4% 10.9% 1.96X (pre)
2.28X 1.84X 1.53X 2.20X 0.90X 1.81X (obs)
MPEGHIGH | 9.4% 8.6% 8.7% 60.8% 4.1% 2.36X (pre)
2.28X 1.84X 1.53X 2.64X 0.9 2.29X (obs)
TABLE 3.
Program RevDct (int) LDSWBranch Branch Dither Performance
MPEGLOW | 20.6% 23.4% 13.4% 25.2% 1.95X (pre)
2.28X 1.84X 1.53X 1.51X 1.35X (obs)
MPEGHIGH | 11.0% 14.9% 7.10% 59.6% 2.04X (pre)
2.28X 1.84X 1.53X 2.04X 1.88X (obs)
TABLE 4.

Table 4 and 5 show the percentages of time spent by the two programs in different functions on the
Sparc20 and Alpha respectively. In each case, the top number in any cell gives the percentage of time spent
in the function and the lower number the relative performance based on our microbenchmarks. The last
column has our predicted performance (pre) and the observed performance (obs). For the Sparc the pre-
dicted performance of both programs is fairly close to the observed one. The reason MPEGHIGH is pre-
dicted better than MPEGLOW is because the former has a much lower cache miss rate. On the Alpha, the
prediction for MPEGHIGH is within 10% of the observed performance, but the prediction for MPEGLOW
is far from the observed one. The cache miss rate is only about 2.6%, and is not significant enough to cover
this difference. However, we feel that our microbenchmark approach to explaining performance is by and

large correct in predicting performance to within 10 or 15% in most cases.

Finally, an interesting observation is the extremely good performance of ENCODE-HIGH on the
Alpha. We profiled the program and found that more than 90% of the total execution time was spent in one
function. This function contained a small computation (one addition and one absolute value computation)
inside a loop that had been unrolled manually in the C code to get better performance. From the assembly
listing of that function we discovered that the compiler was able to fill the load delay slot with two inde-
pendent instructions (that often executed in parallel on the superscalar architecture) and used the condi-
tional move instruction to compute the absolute value (rather than a more conventional branch). This
resulted in very good performance on this machine (118% of the SPECInt performance). However, the
assembly listing of the same code on SPARC20 had branches to compute the absolute value, resulting in

relatively poor performance.
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critical loop. ALPHA has a 2 cycle delay slot, which is the reason it performs so badly on LOADSTORE.
Even two successive loads operating on independent data requires one intervening delay slot. All the other

machines scale according to SPECInt92.

ALPHA doesn’t perform well on LD+SW+BR benchmark. Its relative performance is only 1.53.
The assembly code of this benchmark consists of two dependent load instructions and a store instruction as
in the LOADSTORE benchmark, followed by add, shift, compare and branch instructions. Each instruc-
tion depends on the result of the previous instruction. The superscalar design of ALPHA doesn't help in
speeding up this program as the instructions show high dependency. HP730’s performance scales well as
predicted by SPECInt92, whereas SPARC20's performance is only 1.84 as opposed to the predicted value
of 2.64. The reason for this is that the program is unable to efficiently utilize the SPARC20’s superscalar

design; in addition, the branch performance of the Sparc20 is a little poor.

The assembly listing of the BRANCH program in very similar to that of LD+SW+BR program
except that in the two dependent loads and one store are absent in the loop. We see that relative perfor-
mance of ALPHA is better as compared to LD+SW+BR. Since the dependent load and store instructions
are absent in this benchmark, the performance of ALPHA is slightly better because now the processor
doesn’t have to stall for one or two load delay cycles. HP730’s performance scales as expected, but the
SPARC20's performance is bad on this benchmark. The processor may have a poor branch prediction
scheme, or it might just be the case that for this particular program the branch prediction scheme doesn’t

work well.

We can explain the performance of these programs on the basis of these microbenchmarks. We see
that three of the four microbenchmarks for MEPGLOW perform badly on ALPHA explaining why MPE-
GLOW doesn't perform very well on ALPHA. On the HP 730, three of these benchmarks have perfor-
mance as predicted by SPECINT92 and one of them performs better than SPECINT92 (there isn’t as much
exploitation of the multiplication pipeline possible in MPEGLOW as in the microbenchmark modeling
multiplication). The net result is that the performance of MPEGLOW is very close to the SPECINT92 per-
formance on the HP machine. On SPARC20 all the microbenchmarks have relatively poor performance.
The MULT benchmark has the worst performance of 0.79 whereas SPECINT92 has a performance of 2.64.
This can explain the poor performance of SPARC20 on MPEGLOW program.

We can quantitatively explain the performance of most of the programs on the Alpha and Sparc20.

In this section, we show these calculations for both MPEG programs on these machines.
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SPECmarks vs. Microbenchmarks
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FIGURE 5. Relative performance of microbenchmarks vs. SPECInt performance

* Integer multiplication: Computing the reverse discrete cosine transform (RDCT) is another major
time consuming operation. On the Alpha, 21% of the time was spent in this function on MPEGLOW.
This percentage was much higher (44%) on the DEC 5000/240 that has a much slower CPU. Integer
multiplication is an important component of this function. The code uses a macro which typecasts its
operands (if possible) to 16 bit numbers before the multiplication. This is done to make the multiply go

as fast as possible. The microbenchmark MULT measures integer multiply performance.

Figure 5 shows the relative performance of these microbenchmarks. From the figure we see that
performance of the Alpha on MULT scales as predicted by the SPECINT92. HP 730 has extremely good
performance on MULT whereas Sparc20’s performance is very poor. On the Sparc20, we used standard
compiler options to gccQ4 -funroll-loopg, and this defaults to the software multiply routine which in
turn results in poor performance of the system on RDCT. We modified the program to have fewer multiply
instructions in the loop and found that the relative performance of the modified program was worse. The
HP730 has a pipelined integer multiply unit, and this was evident in the increasing relative performance as

the number of successive multiply operations in the loop increases (until the depth of the pipeline).

From Figure 5, we find that the relative performance of the Alpha on LOADSTORE is 1.51 (nor-
malized with respect to the DEC 5000/240), whereas according to SPECInt92 it should be 2.68. The

assembly code for this microbenchmark has two dependent loads in succession followed by a store in the
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the machines. In the remainder of this section, we describe these microbenchmarks, and then present the

results of running them on our different machines.

Branches, loads and storesDn the Alpha and Sparc, a significant portion of the execution time (25%)
for the program MPEGLOW is spent in a function that checks if the decoded values of the coefficients
are within range (if there is an error in the encoding of certain types of frames, the assertion fails). This
code has a loop containing a series of array assignments (loads and stores) withssrgfatate-

ments (that compile to branch instructions). This portion of the code was extracted to get the
microbenchmark BR+LD+SW.

Branch performance: In order to evaluate the branch performance on the various architectures we
removed the memory accesses from the BR+LD+SW benchmark. The remaining code had only assert
statements. This is a common and time-consuming part of all our programs. We call this microbench-
mark BRANCH.

Loads and stores:Low quality (gray) dithering is another time-consuming operation in MPEGLOW

on the Alpha and the Sparc. The code consists of a series of table lookups (array assignments, loads and
stores) in a manually unrolled loop with a small number of integer additions. We based the LOAD-
STORE microbenchmark on the basis of this function. In general, this models the performance on loads

and stores (e.g, array copying) for any machine.
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FIGURE 3. Miss rates vs. Cache Size (log scale) for 3 multimedia programs.
The cache has a block size of 32 bytes and is direct-mapped.

size. However, this is in the absence of any write buffers, and in reality the miss rates are likely to be about

the same as in the write-back case.

For MPEGHIGH and MPEGLOW, the miss rates were quite low for all sizes. Even for a small
cache size of 8 KB, the miss rate for MPEGLOW is only about 2.6%. Figure 4 is a scatter plot that shows
the miss rates for these three programs and the SPEC programs on the Alpha and the Sparc. The miss rates
for the MPEG programs on both machineslassthan those for the SPEC programs. Yet, the relative per-
formance for the SPEC programs is mumgitet This means that these cache simulations don't fully
explain the reason for the degraded performance for these programs on the Alpha and Sparc. In the next
section, we describe a few microbenchmarks on the basis of which we explain the performance of these

programs.

4.2 Microbenchmarks

Since the cache simulations don't adequately explain observed performance, we decided to take a
closer look at the profile information and run a few microbenchmarks to explain these results. We profiled
the programs showing most deviation from their rated SPECInt values and wrote microbenchmarks similar

to the critical code of these programs. We then measured the performance of these microbenchmarks on all
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DEC Alpha and the SPARCStation 20/51. In other words, for these programs, it seemed like the newer,
superscalar architectures with two-level caches and superior memory systems and processors were doing
worse than expected.. And as a final twist, the performance for ENCODE-HIGH (high-quality encoding of
MPEG frames) on the Alpha was 18¥tterthan that predicted by SPECInt!

In the remainder of this section, we explain these results using a couple of different techniques:
cache simulationsandmicrobenchmarkslt is often the case that the performance of the memory system
has a lot to do with the performance of a program. This is especially true in our situation since we have
excluded I/O activity and are trying to explain the performance of the remainder. One of the important
methods of testing this is by measuring the cache performance of the program with the relevant cache
parameters, and computing the miss rate and miss penalty, and by determining the average memory access
time for the program. The next section describes the results of the cache simulations of these programs for

different cache sizes and parameters.

4.1 Cache Simulations

We carried out cache simulations of three programs that showed high deviation in behavior from
SPECInt -- MPEGHIGH, MPEGLOW, and DJPEG. We upéde [PIX91] to generate memory access
traces for these programs from the runs on the DEC 5000/240. Ideally, we would have liked to use memory
traces generated on the Alpha, but the version of pixie on the Alphas available to us didn't produce full
memory traces. We then usduhero [HILL89] to perform the cache simulations for a whole range of
cache sizes. We performed these simulations using two different input data sets (video clips of different
sizes) for MPEG, and did not find big differences in the miss rates. The Alpha and Sparc have two-level
caches with a large second-level cache (512 KB and 1 MB respectively). For these machines, we did two-
level cache simulations with the appropriate cache parameters. The miss rates for the second-level caches
were very low, with virtually all the misses being compulsory misses. In addition to finding the miss rates
on our machines, we also did the simulations for a range of cache sizes (for a one-level cache). In these
simulations, all the parameters except the cache size were held fixed (block size of 32 bytes, direct-mapped

and random replacement). The results of these simulations are shown in Figure 3.

For DJPEG the cache miss rates vary from less than 1% (256 KB) to 20% (8 KB). However, the
performance of DJPEG on the Alpha and Sparc are explained only in part by these cache simulations.
These cache simulations are for a write-back, direct-mapped cache. This is true for the Sparc, but not for
the Alpha, which has an 8K®Brite-through cacheavith write buffers When we did the same simulations

for a write-through cache without write buffers, we obtained a miss rate of about 29% for an 8KB cache
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MPEGHIGH. We also note that for the Alpha and Sparc 20, the performance of most of the programs is
lower than that predicted by SPECInt.

Another informative way of interpreting the performance of these programs on the different plat-
forms is shown in Figure 2. This figure groups together the relative performance for the same program on
different machines. For four of the programs -- MPEGHIGH, MPEGLOW, DJPEG and CJPEG, the perfor-
mance order is SPARC 20 > HP 730 > ALPHA 3400 > DEC 5240, while the Alpha performs well only on
the MPEG encode programs.

In the next section, we discuss the results of several cache simulations and microbenchmarks and

examine the reasons for these results.

4.0 Cache Simulations, Microbenchmarks, and Explanations

In this section, we explain the reasons for the observed performance on the different platforms.
Since all these multimedia programs have no floating point operations, we expected SPECInt performance
to be a good predictor of multimedia performance. What we found was that while this hypothesis was
fairly accurate (to within 10%) for the DEC 5000/240 and the HP 9000/730, this was far from true for the
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FIGURE 1. Relative performance of the 6 different multimedia programs and
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3.0 Experimental Results

We ran these benchmarks on four different platforms: a DEC Alpha 3000/400, a SPARCStation
20/51, an HP 9000/730 and a DEC Station 5000/240. Measurements on a Pentium 90-based PC are in
progress. This section describes the results we obtained and compares multimedia performance with rated

SPECInt performance.

The first set of results, using overall elapsed time as a metric, is shown in Figure 1(a). This figure
shows performance normalized with respect to the DEC 5240. As we can see, SPECInt performance on the
HP 730 and the DEC 5000/240 is a good predictor of multimedia performance, but this is far from true for
the DEC Alpha and the Sparc 20.

One reason for the lack of scaling with SPECInt performance could be the time spent in 1/O activ-
ity. SPECInt is a measure of the CPU performance, whereas 1/0O performance is an important component
of these multimedia applications. We timed the functions involving I/O activity and calculated the fraction

of the time these programs spend doing I/O. The results are summarized in Table 3. For MPEGLOW, the

Program DEC Alpha HP 730 Sparc 20 DEC 5240
CJPEG 6.58% 17.40% 18.20% 20.16%
DJPEG 13.36% 12.49% 18.19% 13.69%
MPEGHIGH 6.76% 6.75% 17.84% 7.15%
MPEGLOW 18.61% 22.61% 43.53% 23.06%
ENCODE-HIGH 0.91% 1.57% 3.67% 1.53%
ENCODE-LOW 4.14% 11.92% 24.52% 13.75%

fraction of total time spent in 1/O varies from 18.62% to 43.53%; for ENCODE-HIGH the 1/O activity is

relatively unimportant, since the fraction of time spent in 1/0O varies only between 0.91% and 3.67%.

Since SPECInt doesn't reflect the 1/0 performance of the computer systems, the total execution
time of the programs may be very different from that predicted by SPECInt. We subtracted the 1/O times
from the total execution time of the programs to compute their CPU times. Figure 1(b) compares the rela-
tive performance of these programs excluding 1/O time. We again see that the performance of HP 730
scales as predicted by SPECInt whereas the performance of the Alpha and Sparc 20 are different for differ-
ent programs and show little correlation with SPECInt. The Alpha performs fastest on ENCODE-HIGH
and slowest on MPEGLOW. Sparc 20 has poorest performance of ENCODE-LOW and best on



focus on architectural differences, we standardized the compiler and optimization options; in all experi-
ments, we used the GNU C compilgc€) at its best machine-independent optimization lev@# @nd-
funroll-loopg. Our goal was to focus on architectural differences and their impact on performance and we
didn’t want to be confused by spurious differences in performance introduced by differences in compiler
optimizations. In order to measure elapsed times, we used accurate timers on all the systems: we used
cycle counters accurate to one clock cycle on the Alpha and the HP 730, that introduced overheads of the
order of only a very small number of instructions, while on the DEC 5240 and the Sparc, we used high res-

olution timers (of the order of a few microseconds, at most) with a systergettilineofday()interface.

We started with the idea of doing accurate profiling of programs using a togrdiker gprof
[GKR82]. However, preliminary results quickly convinced us of the unreliability and inadequacy of these

tools for our purposes. Such experiences are also reported in [VAR93]. The main reasons for this are:

* /O (disk and display) timevost profiling tools work by sampling the program counter at regular inter-
vals (typically once every clock tick, usually 60 times a second) and extrapolating the results of these
samples over the run time of a program to produce the profile information. However, when a process is
blocked waiting for an 1/O action to complete, it relinquishes possession of the CPU, which means that
these times are not measured by such sampling-based methods. As we will see in Section 3, there is sig-
nificant 1/O activity in many of our programs, and therefore profiling tools are inappropriate for com-

pletely measuring these programs.

* Short runs:For many inputs, several of our programs finish executing in just a few seconds. Sampling-

based statistical tools are accurate only if the run-time of the profiled program is sufficiently long.

We did, however, usgprofto get a broad idea of where each program spends most of its time, and
instrumented those functions using accurate timers. On the DEC Alpha, wepursedss cycle counter
accurate to the granularity of a clock cycle {@s%n our system). The cycle counter is a 32-bit register that
is updated every clock cycle and can be read in one instruction [ALPHA]. Such an instruction is present in
HP’s PA-RISC architecture too, where it is calledraarval timer[HP]. This register can also be read in
one instruction. On the Sparc 20 and the DEC 5240, we used high resolution timers accurate to a few
microseconds, with a system call interface (a high resolgegttimeofday(tall). Overall, we found these
timers much more accurate and reliable than profilers, and feel that future architectures would do well to

include such tools to encourage and facilitate better performance studies.



pressed form involves computing the inverse operations (forward DCT). Detailed explanations of these

techniques can be found in [GAL91].

2.2 The Benchmark Programs

Armed with the above description of what constitutes multimedia software, we decided to choose
the following six programs to measure and study on our platforms. A summary of these programs is shown
in Table 2

Number | Program Name Description

1 CJPEG Independent Software Group’s JPEG encoder.
Converts from PPM to JPEG format.

2 DJPEG Independent Software Group’s JPEG decodeér.
Converts from JPEG to PPM format.

3 MPEGHIGH Berkeley MPEG player with high quality (dither
of fs4). Plays mpeg clips on screen.

4 MPEGLOW Berkeley MPEG player with low quality (gray
dither). Plays MPEG clips on screen.

5 ENCODE-HIGH Berkeley MPEG encoder with dither of fs4.
Converts from PPM to MPEG format.

6 ENCODE-LOW Berkeley MPEG encoder with gray dither.
Converts from PPM to MPEG format.

TABLE 2.

We focused on programs that were common and standardized, rather than on more recent software
with possibly better algorithms, since these standard ones are the most commonly used. We measured the
performance of both decoding and encoding of video frames. MPEGHIGH and MPEGLOW are the Ber-
keley MPEG player with very different playback qualities, and show very different program behavior. This
is true for the corresponding encoding programs as well. One weakness of this set of programs is the bias
towards video-based software, and no emphasis on hypermedia applications such as Mosaic. This was
mainly because of lack of time; we intend to study the architectural performance and needs of such pro-

grams in the future.

2.3 Benchmarking Techniques and Tools

We now describe the way in which we measured the performance of the above programs and the
tools we used. We repeated the experiment several times for each program on many different data files to
cover the entire spectrum of available frame sizes, encoding, and other relevant parameters. Overall
elapsed time was the metric we used as the measure of performance since that is the most unambiguous

and precise measure of the performance of a program.. To standardize our operating environment and



inferior branch performance coupled with software integer multiplichtiom the Sparc). We substantiate

these claims by a few microbenchmarks that mirror the critical loops performed in these programs.

The rest of this paper is organized as follows. In Section 2, we present the benchmark suite and
discuss our benchmarking methodology. We present the details of our experimental results in Section 3,
and explain observed performance on the basis of a few microbenchmarks in Section 4. This section also
has the results of several cache simulations of these programs. We conclude in Section 5 with suggestions

for future work.

2.0 Benchmarks and Methodology

In this section, we describe the different programs we studied and the benchmarking methodology
we used. Before doing so, we define what we mean by a multimedia program, since this is essential to

understanding why we measured the programs we did.

2.1 What is Multimedia?

Recent advances in computer technology have resulted in a new class of applications called multi-
media applications. Video conferencing, video on demand and hypermedia (such as Mosaic) [CACM91]
are examples of such applications. In all these applications, processing of digital video is a very important
component and this imposes demanding requirements on computer systems. For example, NTSC quality
video with 480x640 dots per frame, transmitted at a rate of 30 frames per second, requires the ability to
process 9.2 million pixels per second. The video is almost always compressed before its storage and trans-
mission and is uncompressed while being displayed. The common operations on video data include com-
pression, decompression, display and transmission and they stress all components of a computer system --

the CPU, the memory system, and the I/O system (consisting of both the disks and the display).

There are several algorithms for compressing video, the most popular one is called MPEG
(Motion Picture Experts Group) [GAL91] and is being proposed as a standard. Similarly, JPEG (Joint Pho-
tograph Experts Group) [WAL91] is a commonly used algorithm and standard for compressing still pic-
tures. Most video playback algorithms involve computing the reverse discrete cosine transform (RDCT),
which is a CPU-intensive operation that involves integer additions and multiplications and a CPU- and

memory-intensive operation called dithering[AMR94]. Similarly, the encoding of video images into com-

1. This is with the standard compiler options that we used on all the platforms with gcc. With the -mv8
option, gcc compiles using the hardware multiply instruction.



systems are not equal to the task and this has led to the development of specialized hardware support for
some of the tasks performed by many multimedia programs such as decoding video frames. The lack of
comprehensive performance studies of multimedia applications has also led people to purchase systems for
multimedia software on the basis of integer performance alone, which seems logical since these programs
typically don't involve any floating point operations, but which is not substantiated by any real studies
(and therefore may not be true at all). One measure of the maturity of a field is the existence of quantitative
results and benchmark figures, and we feel that the number of programs in the area of multimedia has
become large enough to warrant a comprehensive study and evaluation of different computer systems for

such software.

The contributions of our work are two-fold: first, we describe a set of six programs that constitute
our multimedia benchmark suite, and justify the inclusion of these programs in the suite. Second, we
present the results of running these programs on four different computer systems (a fifth is in progress),
and discuss in detail the reasons for the observed relative performance. The systems we studied are sum-
marized in Table 1. In addition, we also identify the different architectural bottlenecks for these programs

on the different systems.

Our results show that integer performance, as quantified by SPECInt92[SPEC] performance is in
general not a good metric to use in order to predict multimedia performance. Multimedia performance on
the HP 730 has a high degree of correlation with SPECInt performance, but this is far from true for the
DEC Alpha and the Sparc 20. Multimedia performance on these platforms varies between 41% to 118% of
SPECInt92 on the Alpha, and between 60% and 85% on the SPARC. We discuss the reasons for the lack of
scaling with integer performance that we observe on these two architectures. Finally, we present the results
of extensive cache simulations of three of these programs that show that miss rates vary from less than 1%

to 20% for different programs on the same architecture. However, we argue that the reason for degraded

Machine SPECInt92 | MHz | Cache parameters

DEC 3000/400 74.7 133 L1: 8KB () + 8KB (D), d-m

(Alpha) L2: 512 KB unified, 2-way

SPARCStation 20/ | 73.6 50 L1: 20 KB (1) + 16 KB (D), d-m

51 L2: 1 MB unified

HP 9000/730 (PA- | 47.8 66 128 KB (l) + 256 KB (D), d-m

RISC)

DEC 5000/240 27.9 40 64 KB () + 64 KB (D), d-m
TABLE 1.

performance on the Alpha and the Sparndscache behavior but load delay cycles (on the Alpha) and
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Abstract

The field of multimedia systems is becoming increasingly important in both the research and com-
mercial worlds. Multimedia programs impose demanding and stringent requirements on all aspects
of a computer system. However, there is a dearth of good benchmarks for such software, and there
has been no rigorous performance comparison of different systems for such programs. In this paper,
we describe a multimedia benchmark suite consisting of six programs and present the results of
running these programs on five different systems. Our results show that in general, integer perfor-
mance is not a good metric to use to predict multimedia performance. For these programs, perfor-
mance on our DEC 5240 and HP 9000/730 had a high degree of correlation with SPECInt92, but
varied between 48% and 118% for the DEC Alpha 3000/400 and between and 60% and 85% for the
SPARCStation 20/51 we measured, relative to SPECInt92. Extensive cache simulations of three of
these programs showed miss rates between less than 1% and 20% for different programs. However,
based on a few microbenchmarks, we show that it is not cache behavior that causes degraded per-
formance, but load delay cycles (on the Alpha), and inferior branch performance and software mul-

tiplication (on the Sparc).

1.0 Introduction

The field of multimedia systems is a new one and is becoming an increasingly important one in
both the research and commercial worlds| CACM91]. Multimedia software tests all aspects of a computer
system -- the processor, the memory subsystem, and the I/O subsystem (both disks and display). Since it is
a relatively new field, there is dearth of good benchmarks and there have been few quantitative and com-
parative studies of the performance of different computer systems on these programs. These programs are
especially interesting not just because of their increasing popularity, but also because they impose fairly

severe and demanding requirements on the system to perform acceptably well. In fact, certain compute



