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Abstract - This paper summarises the second in a series of
benchmarking efforts conducted by DA Solutions between B, Objectives
August 1995 and April 1996, for VHDL and Verilog

simulators. Our objectives forconducting the benchmarkingxercises

The paper discusses the methodology used and the results of anWEre numerous but most importantly:-

independent public benchmark for leading VHDL and Verilog

simulators, for RTL, Gate, VITAL and Co-simulations 1l to P'ace in thepublic domain i_ndependent and
products. The paper also makes performance comparisons unbiased measures of simulation performance;
between VHDL and Verilog technologies and between PC and 2. to provide CAD vendors with competitive data;
UNIX solutions. 3. to create a maintainable industry standard

benchmark library

|. INTRODUCTION L
C. Criteria for a Good Benchmark

A. Background . . .
In order for an independent benchmarkiygtem togain

Simulation technology continues tevolve forcing an the confidence of both vendorand users of simulation

aggressive, but welcome developmentasfterand faster ~ Products it must:-
simulators.Systemand ASIC designersre the winners, but

the problem of choosing "which simulator is best forjahy a) mi_rror the realvorld of evaluation of tools by
is getting moreandmore difficultand thecost of evaluating USErs, _ _ _
huge numbers of simulators in the markikécomes b) use a benchmark libratiat isrepresentative of
prohibitive. Relying on vendors’ informatiooan beboth a wide range of user applications.

misleading and oftenostly. _

D. Benefits
Benchmarking hasilways been a difficuland frustrating ) ] ) o
task. Making real "apples to apples” comparisons is difficulBecause this benchmarkingeffort is done periodically
Running "realworld" designs is equally arduous. Thel2l.[3].[4] vendors have realised sommportantbenefits.

tendency is to redudae results into a table graph,which ~ Each timethey participate inthe benchmarkingexercise,
tells only one part of the story. theylearnmore aboutheir productsandstrive to improve it

in order to remain competitive.

DA Solutionshasdeveloped ampproach for benchmarking

simulators [1]. We have taken a pragmatic approach tbhe electronics designersire the real winnersThey get
building a benchmark suite from user-supplied designs ariplid, unbiased information aboutl leading simulation
have developed goodorking relationships with consumers Products. The information contained in the report [4] can be
andvendors to ensure each product gets a fair presentatidffed as arimportant part of the information gathering

One essential element forgmod benchmark is to remain processThe use ofthe report as a firdevel ofthe decision
independent and show a desire for fairness. processhas been known to reducéhe cost oninternal

ASP-DAC'97 benchmarking efforts by as much as 30%.
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In addition, because each company continues to improvexecution times together with the peaiemory required
their products based on information gained in theduring simulation. The report furtheratalogues product
benchmarking process, their customers get a better producteatures, platforms, libraries, linkage to other EDobls,
pricing and availability.
[I. BENCHMARKING METHODOLOGY
We conducted comparisons betw&#DL andVerilog and
DA Solutions used an approach described in more detail wetween productsun on Workstation/UNIX and PC/NT
[1], [2] thatsatisfied both vendo@ndusers.Two years ago using benchmarks common to languages and to platforms.
DA Solutions set-up a “Benchmarking Group” consisting of
users and vendors to define set of benchmarks, theWe evaluated several typessifulators: Ccode compiled,
methodologyand theneasurement criterifor evaluating native code compiled,interpreted andcycle based. The
VHDL and Verilog simulatorsThis partnershipvasthe key exercise covered: VHDL &TL, gate, mixed and VITAL
in the success of this benchmarking exercise. and Verilog at RTL, gate with SDF and PLI.

I1l. PARTICIPATING VENDORSAND PRODUCTS

Invitations weresent to a large number of small and large
EDA Vendors companieghat specialise inVHDL or Verilog simulators.
Table | lists the companidbat participated in the 1995/6
program, their products and the technology tested.

End User Groups

Reports

Software,

Product Positioning

; Results, Report &
\ & Report Review P

Benchmark Suite

Specifications
Circuits & Models

TABLE |

DA Solutions BENCHMARK PARTICIPANTS . VENDORS& PRODUCTS
—> \Engineering & Reports —> PR, Press
Libraries writing EDA Vendor Products Language Technology
l Benchmark Suite Cadence Leapfrog 2.2~ VHDL, VITAL & SDF  Native Code
Reports & Articles ) ~ Compiled
VHDL/Verilog Co-Sim Native Code
Compiled
Fig. 1. Relationship Between The Benchmarking Groups Fintronic FinSim-ECS 4.3 Verilog PLI & SDF C++ Code Compiled &
T Interpreted, Cycle Based
IKOS Voyager VS 2.2 VHDL / RTL & Gate C Code Compiled
Voyager CS 2.2 VHDL Gate C Code Compiled
Voyager NSIM VHDL Gate C Code Compiled

DA Solutions worked with EDA Vendors, Tool Users andwentor QuickHDL4.5a  VHDL, VITAL & SDF  Native Code Compiled

Silicon Houses toestablish a series of benchmarttmt m'gi?v&sE’F 4 Native Code Compiled
erilog Co-sim Co-Simulation

reflectthe differenstylesandapplications of ASIC designs. synopsys  VSS 3.4b6 VHDL VITAL & SDF  C Code Compiled &

H H ; H Interpreted
V\_/e ranthese circuits throth differeHDL and \_/erllqg VEDA Vulcan 3.0 VHDL, VITAL & SDF  Compiled & Interpreted
simulators. The purposgas to measurthe functionality, verigest 42.0.1PC Verilog, PLI & SDF C++ Code Compiled &

imi i Interpreted

performanceand I|r_n|ts ofeach 5|mulato_r when used jpart ViewLogic * Optium V5.4 VHDL, VITAL € Code Compiled
of the ASIC designflow. We established darge and SpeedWave MT 5.3 VHDL, VITAL Multi Thread
growing library of ‘real’ designghat represents awide Fusion 1.2 VHDL & Verilog Ngt(ifl‘;de Compiled &
range of applications reflectingdifferent styles and VCS 3.0B1.1 Verilog, PLI & SDF C & Native Code

technologies. Each circuit is supported with its own
testbenchand thexpected simulation output for verifying

the correctness of the results. ** \ViewLogic withdrew from the benchmark.

We ranthe benchmarks on our workstatiand PC in the

samemanner as the realorld user would, using each V. THE BENCHMARK LIBRARY

simulator in the optimum vendor recommendedy to

achievethe best overall performanc&ach vendor validated Eighteen different ‘real’ ASIC designsere acquired from
the results of theirown simulator, using the same |oading systemsand silicon houses . A number of these
benchmark library to ensure theccuracy of the results gesigns arenodelled at different levels of abstractitius
prior to publication of the results. producing a total of 44 variants comprising the benchmark

) _ _library. Fourteen circuits were modelled in VHDLRine
We produced a report tabulating product functionalityyyere modelled in Verilogthree were used forthe co-

source editing capabilities, compilation, elaboration andjnylation testind four VHDL designs tested with VITAL



libraries and SDF backannotation files. We havalso
developed.inear Feedback Shift Register (LFSR) circuit of
varying sizes between 50knd 3,200K gates used for
capacity testsThe benchmark library representedvide
range of applications:-

4 Processor designs; 3 telecommunications; 2 networking;

1 signal processing; 2 aerospace; 1 audiodo decoder;
1 arithmetic; 2 core models; 8 capacity test.

The design sizes varidaetween 1000-2100lnes of code

representing circuit sizebetween 40 Kgatesnd 32,000
Kgates.

V. RESULTS SUMMARY

In this section we present our general observations of the

benchmark results. Later sections wiighlight the main
featuresand strength of the individuabmpanyand their
products.

» Product quality in generalvasnot as high as was in

the previous year. We witnessed a slight degradation in

quality across most products at thexpense of
performance. Thisvas mainlyrelating tosoftware bugs

and conformance to the standards. On average we
evaluated four releases from each vendor. One vendor

delivered twelve releases in total.

* Inter-operability Issues - in addition tcsoftware
corrections, a significant amount of reworkingnaddels

(but without changing the functionality) was necessary in

order that they executed successfully imll the
simulators.
* We have witnessed a significant improvement

performance ovahe past three benchmarkiegercises,
and with each successive product releadering each
exercise.

e The most prominenhew features dhe benchmarking
exerciseare the inclusion ofITAL simulation, Co-
simulation and products running on PC.

* The number of products supporting VITAL is growing
rapidly, but most of them are still imfancy suffering
from problems of interpretation of VITAL as the
standardmoved from release 2.2b tbe official 1076.3
(VITAL 93). This led toproblems with inter-operability

of benchmarks across the products. The majority of the

products (apart from one two) are still sufferingrom
poor performance, acceleration is

in

rapidly being,

engineered producing faster run time with every release.

The number of products supporting Co-simulation of
VHDL & Verilog is also growing fasthat is inspite of
the growing number of products supporting VITAL.
This leads us to thebelief that availability of ASIC
Libraries is not theonly factor forusing co-simulation,
but as théwo standards arbecoming equally used, the
re-usability of code is alominant factor. There are
several approaches to co-simulation, the nfiestble is
that provided by Mentor Graphics “QuickHDL", boily
the methodology common tall products was used for
this exercise.

Very soon,the PC will be playing a major role in
supporting Design Automation Applications. The
Pentium Pro 200, useatlring theexercise outperformed
those productsunning onworkstations & Unix. The
cost performanceratio between PC/NTand UNIX
systems of equal processor speed can be as much as 10x.

At the RTL level,the performance gapetweenvVHDL

and Verilog productsrunning underUNIX is rapidly
closing “Fig. 2&3”. However,the gap is widefor those
products specifically using PC andcycle based
simulation.

No singleVHDL product achieved an overall leadership
position.

* Mentor Graphics QuickHDL maintained its
leadership to be théastest in analysis and
compilation.

» Cadence Leapfrogand VEDA's
dominated the VITAL Group.

» Of the mixedevel simulators evaluated, IKOS-
CS & NSIM providedthe fastest execution
performance.

* Synopsyscontinue to improvetheir product
performance withevery release. VSS is a
serious competitor inVHDL simulation “Fig.
2.7,

Vulcan

Fintronic (USA) dominated the Verilog group.

When comparing/HDL with Verilog, Fintronic(USA)
contributed to the Verilogsuccess inwidening the
Verilog / VHDL performance gap.

Mentor Graphic’'sQuickHDL is the mosftlexible and
versatile product available; three products in one; its
support for VHDL alone, Verilog alone or in Co-
simulation, in one kernel makes it the most versatile
product on the market.

Multi threading did notachievethe performancgain
witnessed inthe 1994/95 exercise. Increasing the



number of threads/processes did sm@m to make much four firsts and five secondsHowever Laepfrog is not as
impact. efficient as QuickHDL in the RTL memory utilisation.

« Circuit application, coding style and simulation Leapfrog's VITAL implementation has dominated this group

technology, continue to be major factors wiggard to  Wwith three firstsand one second, both when reporting
performance. simulation and total execution times.

remains the maximum capacity achieved with full imingth® VHDL test bench only, ashe Verilogsource is
libraries. interpreted duringexecution. Leapfrogagain showedvery

good performance speed as a result of the “tight coupling” of
The full Report [4] presents the hard facts in far more detail-€apfrog with Verilog -XL.
than can be included here. In addition to providing feature ) . .
and pricing information, approximately 50 tables of data At the Gate level, it was not as successful, particularly in the
provide comparative information, for each tool. We presence of IKOS Voyager CS and NSIM.
measured the compilation, elaboration (or loading) o _
simulation times, we also recorded the total execution time€\t VHDL capacity, it averaged 120 bytes per gate beating
and memory utilisation for the following : Voyager CS into second place.

* VHDL RTL and Verilog RTL designs,

* VHDL mixed and gate level and Verilog designs
* VHDL with VITAL designs

* VHDL & Verilog Co-simulation designs

» Comparison between VHDL & Verilog

» Capacity test for VHDL & Verilog at the gate level

B. Fintronic (USA)

FinSim4.2.0.1 is C++code compiledand interpreted
Verilog simulator. Finsim-ECS 4.3 is an enhanasdle
simulation (ECS) delivered in the seconmart of the
evaluation exercise, consisting of the simulator FinSim and
the ECS engine. FinSim-ECS automatically identifies the
parts of the circuithat aresuitable for simulation on the
ECS engine and the rest is simulated by FinSim. Changes
betweenFinSim 4.2.0.1 andrinSim-ECS4.3 hasshown
The bar charts “Fig. 2 & 3" provide a mere glimpssae speedups owertain benchmarkbetween 8and 12times
of the teststhat have been conducted, namehat of the particularly for designshatseem to suithe ECS paradigm.
simulation performance fovHDL and Verilog at the RTL FinSim displayedhe best overalsimulation runtime of the
level. The full report contain other chamsd spreadsheets Verilog products on the SPARC 10/40.
for all categories of tests. A summary of the salfants for
each vendor is presented in the listow by companyame FinSimwas one ofhe simulators tested on the PC Pentium
in alphabetical order: Pro 200. The performance of Finsim on theRS notonly
surpassed all verilog simulators on UNIX, iatssucceeded
to out-performall other simulator¢§vHDL and Verilog).
A. Cadence Design Systems This lead us tdelievethe PC willplay a major role in the
EDA industry.

VI. How Dipb EAcH VENDOR/TOOL PERFORM?

Leapfrog 2.2, a nativeode compiled/HDL simulator, was

the only Cadence product placed ife benchmarking In capacity tests, FinSim achieved 200k gaii¢hin the
exercise. Leapfrodnas consistently occupied arominent 64Mbytesmemory, averaging 223 bytes per gate.
position in the benchmark for all categories.

The Leapfrog VHDL Simulator has exhibited fast C.IKOS Systems Inc.

simulation performance across the majority of the designs.

We believe his isdue to the native-compilemde Voyager VS 2.2, a VHDL simulator, Voyager CS2.2,

approach. The native compilecbde approach provides accelerated gate level, proprietary language simulator with

better performance foall types of VHDL descriptions VHDL interface,and NSIM, a hardware accelerator. Of the

spanning from behavioural/RTL to gate-level designs. mixed level simulators, IKOS deliverdatie best execution
performance with bothlinit delay and fully timed libraries.

For the RTL compilation, it consistently occupied secondKOS achievedthe highest performance with circuitsat

position to Mentor Graphics, but in simulationoitcupied were heavily dominated by event activity.



On average Voyager VS performed adequatelihatRTL appropriate mode to suthe different design phases. We
level. Its main draw backhas been inthe analysis and concentrated our benchmarking on thec@e compiled
compilation phase using Compass’ VTIP. lisemory option.
utilisation is good and occupied many second positions.
VSS is the fastest developing simulator, it continues to
At the gate level, with Voyager CSand NSIM, the improve in performance delivering highly competitive
compilation run times improved marginally. NSIM  execution times at thRTL level when comparedith other
performed bettethan allother products at simulation time simulators. VSSasconsistently shown performance gains
for those benchmarks where libraries were available. betweernx1.5 and x8verlastyears release VSS3.1b, across
thewhole ofthe RTL set. VSS scored 3 firstsd 5seconds
IKOS does not at present have VITAL solutions. We did nothe other 4 were very close in third plaBgnopsys achieved
evaluate Omega (accelerated Verilog simulanar) did we best performancewith circuits that called for heavy
benchmark any co-simulation product if the latter exists.  arithmetic manipulation. Thérawbacks with VSS iduring
the analysisand compilation phase, impacting the total
execution time.
D. Mentor Graphics Corporation.
VSS demonstrated good memowilisation in the RTL
QuickHDL, a nativecode compiledsimulator gradually group. For thesapacity test VSS achieved 400K gates, equal
replacing QuickVHDL and QuickSim. QuickHDL is the to other products in the grouphis is x4 improvemenbver
most versatile product we have benchmarkethat it is a last year's performance. The average bytes per gate is 165.
VHDL, a Verilogand amixed VHDL/Verilog simulator all
in one kernel. Synopsys’ enthusiasm in supporting this benchmarking
exercise is unrivalled. Weare indebted t&ynopsys in
QuickHDL deliveredthe fastest compilatiorspeed for the converting VITAL libraries from 2.2b to 3.0 libraries using
whole of VHDL and Verilog benchmarksunning on the library compilation part of the synthesis tools.
Sparcstation. When measuring the simulation performance
alone at VHDL/RTL, “Fig. 2", QuickHDL shared the
leading position with Cadencend Synopsys. But the F.VEDA Design Automation Limited
position improved considerably when includitige set-up
time (i.e. analysis, compilation and elaboration)past of Vulcan 3.0 is a single kern®HDL simulator supporting
the full execution time.This is particularlydue to the both RTLandgate levelThe interpreted or compiledode
superior compilation speeds. QuickHDL demonstrated this selected automatically aun time depending on the
best overall memory utilisation. circuit structure. VITAL acceleration is thwain feature of
this product. Vulcan hasconsistently demonstrated
For the apacity test QuickHDL,running VHDL only, leadership in this group. They achieved 3 fiestsl 1second
reached 400K gates within the availabheemory. It during theexercise only to be overtaken by Cadence in the
averaged 170 bytes per gate. last few days ofthe exercise. Presentlyeir position is a
very close second to Cadence. VEDA, is working to improve
The Verilog offering is continually improving witavery  the performance of theRTL simulation. We will be
successive releasgndwill soon become a competisgand-  witnessing major speed-ups in the not too distant future.
alone product..
The memory utilisation forVHDL RTL is reasonable,
In the Co-simulationmode it offersthe best product in having attained thregecondsSimilar memory performance
flexibility, in that theVHDL and Verilog can be mixed in hasbeen seen fothe VITAL tests.During @pacity tests,
any combination of hierarchy, without resorting to elaborat&'ulcan achieved 200k Gates averaging 326 bytes per gate.
interface definition. For instance, ¥HDL module can
instantiate a Verilog which iturns, instantiate¢HDL and
so on. Full exploitation of thifeature wasot tested. The G. VeriBest, Inc.
applied test was concentrated aeing VHDL testbench
with Verilog netlist whichwas common tall other co- VeriBest Verilog simulator is an OEM from Fintronic

simulation products. (USA). It is available onthe Intergraph TD range of
personal computersrunning Windows NT. VeriBest
E. Synopsys Inc. simulator interfaces with many other CADols supported

on the PC, making it théest low costdesign solution
VSS3.4b6hastwo modes okimulation; Ccode compiled available. As reported VeriBest is thest overall Verilog
and interpretative, auseful facility when selecting the simulator and has managedieat otheVHDL simulators



using common circuits described both MHDL and o
Verilog. VeriBest contains FinSim release 4.2.0.1

500

VIl. SUMMARY - WHICH SIMULATOR? H b
400 I

The 1995/96 benchmarkingexercise was a success.
Interestingly it showethat no singldool vendor won on all
tests. It also demonstratédat, contrary to previous belief, H i
VHDL solutionsare quickly catching up with the Verilog
offeringsand in certairtaseshasequalled in performance. | = i
The exercise also demonstratiat simulationperformance
is a complex parameter depending on combination of codif ws 1 !
style, simulator technologyand hardwarglatform and

computer configuration (processor speed, memory, di§ ;ﬁ ﬂﬂﬂ m UL
space and disk access time). The exercise has also confirn o e e e e e @ o o0 on o
our belief that the PCwill be playing a major role in the

EDA industryvery soon. A report [4] is published supplied

with the benchmark Iibrary Fig. 2. Simulation Times in CPU Seconds for VHDL / RTL
In conclusion, our recommendations appear in Table IlI. -
350
TABLE Il
CHOOSING A DIGITAL SIMULATOR
300
For Application Choose
250
VHDL RTL Leapfrog, QuickHDL or VSS
VHDL & VITAL Leapfrog or Vulcan 0
VHDL accelerated gate Voyager CS and/or NSIM
VHDL/Verilog Co-sim QuickHDL or Leapfrog
Verilog RTL FinSim ECS =0
Verilog Gate FinSim ECS
Verilog on PC FimSim or VeriBest 100
ACKNOWLEDGEMENTS ]
We are indebted tall thecompanies who have supported | "~ & o o o . s
and helped to formulate the 1995 exercise, by providing
guidance, test circuits and model libraries. These are:-
3Soft. Alcatel. British Aerospace Credentiee US Fig. 3. Simulation Times in CPU Seconds for Verilog/RTL

Department of DefenceFrench Telecom (CNET),
Fujitsu, LevelOne, LSI Logic, MIPS Technologies,
Raynet, Silicon GraphicsSUN Microsystems, Texas
Instruments, and TIMA/INPG. [1] John Hillawi, Roger Ball and David Wharton., “A Benchmarking
Methodology for the Selection of Language Driven Simulators,” Proceedings
The exercisehasbeen -andcontinues to be - well supported ©f APCHDL'94, October 1994, pp. 193-195
by the EDA vendors through funding and theupply of [2] David Wharton, Roger Ball and John Hillawi, “Benchmarks Test a Few
products for evaluation. We acknowledglee highamount  Simulators” Electronic Engineering Times, June 6, 1994 pp 50-52 & 92
of supportand motivation that hasbeen provided by the
vendors for the establishment of these benchmarks.

REFERENCES

[3] John Hillawi, “DA Solutions 1994 Simulation Benchmark Report,”
Release 1.1 January 1995

We also acknowledgthe help ofSUN Microsystems and [4] John Hillawi, “DA Solutions HDL Simulation Benchmark 1995/6 Report”
Intergraph Electronicdor the loan of computefier the [e1ease1.1July 1996
multi threading tests and PC tests.



	CD-ROM Home Page
	ASP-DAC Home Page
	Front Matter
	Table of Contents
	Session Index
	Author Index


