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LIES, DAMN LIES,
AND BENCHMARKS:

The race for

H OW MANY TIMES HAVE YOU PONDERED ALL THE VARIABLES of

designing with programmable logic and wondered if your de-

sign would fit into a particular device? The number of variables,

after all, can be mind-boggling: gate count, types of logic circuits,

types of memory circuits, ratio of logic to memory, silicon vendor’s

architecture, silicon vendor’s device, design-entry method, software

vendor’s tool set, revision number of the
tool set, and more. And, oh yeah, what if
you use another vendor’s device or tools
instead? Further complicate the issue by
specifying programmable-logic-device
package and speed to get a more exact feel
for the price you'll pay, and you’ve just
summarized the dialogues I see posted
dozens of times each week on Internet
news group comp.arch.fpga. These are
tough questions, and to date the pro-

grammable-logic manufacturers have
made little constructive progress in mak-
ing them easier to answer.

In the vendor’s (brief) defense, the an-
swers depend on numerous factors and
change with each new revision of front-
and back-end design tools, even if the de-
vice architecture remains constant. But
the silicon companies, along with their
software partners, have a vested interest
in accentuating the positive attributes of

the truth i1s-on
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their products and downplaying the
ubiquitous trade-offs. This situation has
negatively impacted all benchmarking ef-
forts, creating more work for you. The
comp.arch.fpga postings help spread the
word, but even with the help of Web
site DejaNews (www.dejanews.com), it’s
nearly impossible to keep up with—not
to mention apply—all the discussion
traffic.

I'd like to commend the programma-
ble-logic vendors in tables 1 and 2, as
well as synthesis vendor Synopsys, which
agreed to participate in this benchmark-
ing study. I based this study on the design

in last year’s “synthesis shoot-out” proj-
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GLOBAL PTOE 5

ect (references 1 and 2). Before I discuss
this year’s project in more detail, though,
let’s first consider why benchmarking is
so difficult and why previous efforts have
missed their mark.

TOO MANY VARIABLES

The factors that impact your bench-
marking results begin with your choice
of design-entry method. It’s a widely ac-
cepted fact that schematic-based designs
are faster, smaller, and more efficient
than synthesis-derived alternatives. To-
day’s trend, however, is away from
schematic entry and toward synthesis,
because increasingly important time-to-

VCCI/O

market pressures and the desire for de-
sign reuse favor a synthesis-based ap-
proach. Synthesis results can approach
those of schematics if the software does
a good job of mapping the design to the
target silicon architecture. Results will
suffer, though, if the synthesis compiler
instead creates a netlist comprising
generic, low-level, ASIC logic elements
and forces the back-end tools to re-
assemble them into the more coarsely
grained  programmable-logic-device
structures.

Synthesis tools commonly import sil-
icon-vendor-developed library files that
they use for technology mapping. Occa-
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CPLDs contain a large amount of product-term and other logic feeding each macrocell register (courtesy Lattice Semiconductor).

FIRE UP YOUR WEB BROWSER

When you pull up this article on EDN's \Web
site (www.ednmag.com), look at the top of
the page for a reference to the article adden-
dum. When you dlick on this link, you'll find
my benchmarking results, the vendors’ opti-
mizations, my analysis of these results, and a
great deal of supporting information. The site
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includes links to both of last year's articles, as
well as the design specification that consult-
ant Stephen Wasson and | developed in
Adobe Acrobat, Postscript, and Word formats.
You'll also find the VHDL source files |
used for each vendor and the report files
from both FPGA Express and the back-end

tool sets. The site also includes the scripts
and DOS batch files | used to automate the
tools" operation. However, if you don't have
access to the Web, drop me an e-mail, and
Il send you the benchmarking results and
my analysis (but not the other stuff) in ASCII
text and Excel spreadsheet form.

www.ednmag.com
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sionally, though, synthesis vendors them-
selves develop the libraries, such as with
the Synopsys FPGA Express software that
this study uses. This approach might pro-
duce better results, but the delay in de-
veloping support might also limit your
vendor and device options. You can also
help the synthesis process along by in-
stantiating silicon-vendor-developed,
predefined logic and memory compo-
nents. However, this task unfortunately
makes your source code less portable to
other silicon architectures.

The synthesis compiler is only the first
part of the design flow. Next, the task
turns to the silicon-vendor-developed
fitter (for CPLDs) or place-and-route
software (for FPGAs). A good job of syn-
thesis-technology mapping in the front
end can greatly help the back-end tools;
a bad job can be worse than no mapping
at all. Back-end-tool developers must
balance compilation results with speed.
Depending on your computing-hard-
ware capabilities and design practices,
you may be unable to tolerate several-
times-longer compiling in exchange for
a slightly smaller or faster design.

Vendors put a great deal of focus on
back-end software, especially as they gain
a better understanding of their architec-
tures’ capabilities. When you upgrade to

AT A GLANCE

> Programmable-logic benchmarking is
complicated by a complex set of interrelated
software and silicon variables.

> Vendor-published benchmarks are better
than no data at all, but not much better.

> The Programmable Electronics Perform-
ance standards group made a valiant at-
tempt at benchmarking but couldn't survive
competitive quibbling.

> My hands-on project gives another per-
spective on the benchmarking Holy Grail,
but it isn't the definitive answer, either.

new versions of back-end tools, you may
see dramatically better results. For ex-
ample, in last year’s synthesis shoot-out,
I saw significant improvements in some
cases when moving from Xilinx’s Alliance
Version 1.4 to Version 1.5 (Reference 3).

You can also have a big impact on the
results. Most front- and back-end tools
offer you at least coarse-granularity op-
tions, such as low-versus-high effort (a
primary determinant of compilation
time) and area-versus-speed priority, and
some products provide a number of in-

INTERPRETING THE RESULTS

terim settings. You can also help—or
sometimes hinder—the tool’s ability to
optimize by predefining pinout and re-
quired timings. Preserving or eliminat-
ing the design hierarchy, as the source
files and their interconnection define it,
gives unpredictable results. Therefore,
you often need to run your design twice
through the flow—first retaining the hi-
erarchy and then purging it to see which
does a better job.

In perhaps the most extreme example
of user intervention, design consultants
and other power users employ the com-
mon trick of manually placing portions
of the design’s circuitry on the chip with
floorplanning software or source-code
instantiations instead of relying on auto-
matic placement algorithms. If the design
contains a high percentage of datapath
elements, the time you take for manual
floorplanning can be well-spent. If the
design has few datapath elements, it’s
usually better to just let the software have
a crack at the design. As the automated
placement algorithms get better with
time, the need for manual floorplanning
also diminishes.

DEVICE DEPENDENCIES

Next, consider the silicon. Focusing
first on the logic structures themselves,

It took a lot of convincing before
several of the vendors agreed to
participate in this study. Specif-
ically, they were worried that
you would deduce that they
“lost” if their devices couldn't fit
the entire 50,000-gate design. |
reassured them that you are
intelligent engineers who exten-
sively analyze data and apply it
to your design situations before
reaching a conclusion, and,
therefore, you won't simply
select a “winner” based on how
many rows and columns of a
table each participant filled. So,
don't let me down, OK?

Few of you have programma-
ble-logic designs of this com-
plexity. Much of the size comes
from the on-chip FIFOs, and if
my design didn't contain them
or implemented them outside
the CPLD or FPGA, it would
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have fewer than 20,000 gates.
Yet a design suitable for bench-
marking and containing all of
the common logic types and
memory elements requires this
level of complexity.

For these reasons, consultant
Stephen Wasson and | made the
design highly modular. | bench-
marked numerous subsets of it
and commented it so that you
could deduce my intentions and
modify the source code for your
purposes. Some of you develop
designs almost exclusively com-
prising counters and state
machines. I'd encourage you to
focus on the results using mod-
ules such as HOST_IFVHD,
MEM_CONTVHD, and
REFRESH.VHD. For those who
commonly design arithmetic and
logical transform structures, look
at the X1.VHD and X2.VHD out-

comes. And, for those of you
whose designs contain large
amounts of datapath circuits,
look at INTBUFFVHD and the
FIFOs.

Add or subtract complexity to
or from the various modules.
Replicate them, and delete the
ones you don't care about.
Combine them in ways that
more closely mimic your
designs. Freeze the pinout, con-
strain the timing, and see how
the devices respond. Run the
source code through your
favorite synthesis compiler, and
target the vendors and devices
of most interest. I'd appreciate
hearing about your results and
will keep your identity and infor-
mation confidential if necessary.

Out of fairness to Program-
mable Electronics Performance
Corp and the vendor-developed

benchmarks, my study omits
consideration of at least three
important areas of programma-
ble-logic design. First, | didn't
evaluate how well a device
holds its pinout and perform-
ance as | made iterative changes
to the design. | benchmarked
the same device, regardless of
the design-module size; there-
fore, only the largest design files
fully stressed the logic and rout-
ing capabilities. | also didn't have
an accurate means of measuring
power consumption aside from
programming a part; putting it
on an evaluation board; and
hooking it to an oscilloscope,
which would have expanded the
project scope far beyond the
time | had available to complete
it. I leave these topics to your
analysis, and to future EDN
hands-on projects.

www.ednmag.com
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product-term-rich CPLD architec-
tures and register-abundant FPGA
organizations reveal their strengths with
different designs (figures 1 and 2). Ad-
vanced versions of both programmable-
logic devices, using techniques such as
variable-grain logic blocks, multiple lev-
els of routing structures, and high
macrocell counts, attempt to circumvent
the differences between them. Perhaps
the most radical example of the blending
of CPLD and FPGA capabilities is Altera’s
(www.altera.com) Apex family (Figure
3). For more information on the primary
differences between CPLDs and FPGAs,
see references 4 to 7.

What about the routing between logic
blocks? Advanced lithographies are not
only shrinking transistors, but also al-
lowing for more metal layers. Silicon ven-
dors are taking advantage of this trend by
increasing the amount and variety of on-
chip intralogic- and interlogic-block in-
terconnection in the hope that it won’t be
the limiting factor in your ability to fit
your design into their parts. However, as
transistor switching speeds continue to
rise, routing delays increasingly define a
circuit’s performance, especially if it
spans multiple logic blocks because of a
less-than-perfect fit. The means by which
vendors stitch together multiple routing
traces can have an even more dramatic
effect on the performance you see (Fig-
ure4).

Choosing the right routing trace for
each signal and appropriately allocating
from the fixed number of variable-length
resources a chip provides are key criteria
not only for an FPGA’s place-and-route
software but also for both global- and hi-
erarchical-matrixed CPLDs. To reduce
routing delays, some companies, such as
DynaChip (www.dyna.com) and Xilinx
with its Virtex line, are integrating on-
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FPGAs provide fewer combinatorial gates per logic block but contain many more registers as a

result (courtesy Xilinx).

chip active repeaters analogous to the sig-
nal amplifiers that data-communications
and telecommunications networks use.

On-chip memory is the most common
embedded “core,” found primarily in
FPGAs but also present in a few differ-
entiated CPLDs. Using embedded mem-
ory—for data buffers and, occasionally,
for fast multipliers, complex state ma-
chines, and the like—is more efficient
than the register-derived alternative.
However, some designs can’t use embed-
ded memory: In these cases, it does noth-
ing but waste precious silicon. A spec-
trum of embedded-memory approaches
vies for your attention: from numerous
small arrays derived from logic-block
look-up tables to a few large discrete ar-
rays. And some companies offer multiple
memory alternatives on one chip (Figure
5). Embedded memory is more than just
SRAM bits; the amount and type of ded-
icated periphery logic around each array
can help or hinder your implementation
of such structures as multiport RAMs,
content-addressable memory, and FIFO
buffers.

PARTICIPATING CPLD MANUFACTURERS AND DEVICES

Core
Product Price’ operating

Manufacturer family Device  (10,000) voltage (V)  Speed Package
Lattice ispLSI ispLSI $70 33 110 MHz 388-bump
Semiconductor 5000V 5512V BGA
Philips XPLA2 PZ3960C7EB  $90 3.3 7.5 nsec 492-bump
Semiconductor? PBGA
Vantis Mach 5A  M5A3-512/256 $184.50 55 5nsec  352-bump BGA

! Fourth quarter of 1999.

Now, consider the host of secondary,
usually vendor-proprietary device fea-
tures. For CPLDs, these features include
more robust switching matrices, wider
per-logic-block signal fan-in, enhanced
macrocell register configurability, and
even supplemental product-term PLAs.
FPGAs have their share of enhance-
ments, as well: AND gates for fast multi-
pliers, carry chains, digital-delay-locked
loops, PLLs, and more. And both CPLDs
and FPGAs offer internal three-state
buffers and a variety of I/O-buffer struc-
tures, some with their own optional reg-
isters, others with extensive flexibility in
the electrical interfaces they can imple-
ment, and most with user-configurable
slew rates.

Just as with embedded memory, these
secondary enhancements are often a su-
perior alternative to using generic on- or
off-chip logic resources to implement the
same circuit, but only if you require
them. If a benchmark circuit needs these
resources, if the chip provides them, and
if the design software enables them, the
chip’s benchmark results positively re-

No. of No. of  Back-end-
input and No. of macro-  tool and
1/0 pins  logic blocks  cells version
390 16 512 ispExpert
Compiler 7.1
384 48 960  XPLA Designer
XL 3.20°
256 32 512 DesignDirect
R1.0.038

2 FPGA Express does not directly support the device, so the Altera Max7000 was selected for VHDL compilation and netlist generation.

* With upgraded EDIF2BLF.EXE file.
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flect the synergy. If any item in this cha’
is missing, though, the benchmat
doesn't reflect these features’ presenc

ters provide limited correlation to the
performance you'll see using the device
on real-life designs.

Face it: The vendors know their silicon
better than you do and more than you
should beexpectedo. They also have
the luxury of a comparatively infinite
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As long as programmable-logic ve ;. ROW READ
dors have existed, so too have their s
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published benchmarks. These benc 32,|, coLumn BITREAD  @amount of time to handcraft the design
marks frequently take the form of - X SENSE AMPS AND and rerun multiple configuration sce-
list of circuits, such as n-inpu_ Figure 3 LEIMACROCECES narios to create the best results. Without
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counters, n-bit adders, and the like; sor . a full set of timing specifications, per-

measure of performance, such as maa.- formance numbers may be essentially
mum clock frequency and input-to-out- The enhanced embedded array block in Alteraeaningless. What good is it to know
put propagation delay; plus the numberpex devices supposedly enables themto ~ how fast a counter clocks if you don't
of logic blocks consumed or some othemplement some product-term macrocell func- know what the input setup-and-hold re-
metric of design size and efficiencytions in addition to ROM and RAM. Unfortu- quirements and clock-to-output delays
Sometimes, the vendor even “graciouslyfately, Altera declined to participate in my — are?
provides equivalent specifications for thetudy so | wasn't able to test this hypothesis.  If the vendor does an us-versus-them
same circuits implemented in competi- comparison, even further tighten your
tors’ devices. Are these data sets usefaknt to the input and output pins, and skeptic’s hat. Did the vendor just happen
Well, not really. Granted, they do providehow does performance change as the cite pick a set of circuits that fit nicely into
a measure of the “raw” silicon perform-cuit moves elsewhere and routing delais logic-block structure and poorly into
ance and usability. However, numeroupecomes a factor? the other guy’s alternative? Or did the
factors combine to make vendor-pub- Xilinx, for example, gave a demon-company exploit some proprietary sec-
lished numbers a less-than-comprehenstration at February’'s Association forondary feature that your designs will
sive means of comparing various device€omputing Machinery FPGA conferencenever use? Is the vendor comparing its
First, you should check to see what den Monterey, CA. The demonstration latest and greatest state-of-the-art device
sign-entry method the vendor used: synshowed a frequency-counter circuit op-with a competitor’s several-generations-
thesis, schematic, or a handcrafted netligrating at greater-than-1-GHz toggleolder alternative? And you cannot real-
(analogous to a machine-language-cod-ates. This spedd an impressive testi- istically expect any programmable-logic
ed software program). Even with amonial to how far FPGA technology hasendor to know how or to want to opti-
VHDL- or Verilog-sourced circuit, the progressed in the last several years. Howize its competitors’ design tools as well
vendor may have heavily influencedver, the circuit was functionally simpleas its own.
compilation by defining pinout and tim- and happened to be on one side of the
ing, manually floorplanning, and deter- die, directly next to relevant device inputéNDUSTRY'DEVELOPED BENCHMARKS
mining other parameters. Are theand outputs. Toggle frequencies on cir- Partially in response to widespread
counter’s registers located directly adjecuits containing only one or a few regiseustomer skepticism of vendor-pub-

lished benchmarks, which nevertheless
FOR MORE INFORMATION...

continue to exist to this day, a group of

programmable-logic vendors in 1991
For more information on products such as those discussed in this article, circle thefgppepriae Programmable Electronics
numbers on the Information Retrieval Service EBf$ dnfogecess service. When youperformance (PREP) Corp; independent
contact any of the following manufacturers directly, please let them know you read-gfpiif|theif Stan Baker oversaw the pro-
products EDN ceedings. PREP has now disbanded.
Atmel Corp (Ironically, the Web site, www.prep.org,
1-408-441-0311 shut down just as | submitted the first
www.atmel.com draft of this article.) PREP nevertheless

Lucent Technologies Synopsys Inc
1-610-712-4331 1-650-962-5000
www.lucent.com WWW.SYNnopsys.com

SUPER CIRCLE
NUMBER

Circle No. 355 Circle No. 357 Circle No. 359 For more infor- deserves some explanation. | used PREP

mation on the as a case study of both what to do and
Lattice Semi- Philips Semi- Vantis Corp products avail- what not to do as | planned my own
conductor Corp conductors 1-408-616-8000 able from all of benchmarking project.

1-503-268-8000 1-505-822-7629
www.latticesemi.com www.philips.com
Circle No. 356 Circle No. 358
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www.vantis.com
Circle No. 360
Xilinx Inc
1-408-55B¢78
www.xilinx.com
Circle No. 361

the vendors list-

ed in this box,
circle one num-

ber on the read-

er service card.
Circle No. 362

PREP’s goals were laudable: to create
a meaningful, unbiased set of tests that
would measure gate countsablegate
count, and speed of various architectures
and devices. Almost every programma-
ble-logic manufacturer had at least one
spokesperson who attended PREP meet-
ings, representing product lines that
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