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Abstract Because of the lack of ASIC libraries, designers using
VHDL had to switch to Verilog or use specialized gate level
Ina VHDL-based design flow for application specific in- simulators for sign-off simulation.
tegrated circuits, VITAL provides a uniform methodology  During the VITAL Initiative (VHDL Initiative Towards
for developing ASIC libraries for signoff simulation. The Asic Libraries), major semiconductor suppliers and EDA
VITAL Standard includes specialized routines for describ- tool vendors worked together on the VITAL model devel-
ing behavior and timing of ASIC cells and integrates back- opment specification [IEE96] which has been adopted by
annotation via Standard Delay Format (SDF). One of the the IEEE (IEEE 1076.4) in December 1995. The goal of
key issues of the VITAL initiative was to accelerate simula- this standard is to provide a uniform and efficient modeling
tion performance at gate level by allowing only a restricted style with sufficient timing accuracy for sign-off simulaiti
set of VHDL. In this paper, we present an efficient im- based on VHDL. While enabling a uniform methodology
plementation of the VITAL-Standard in our objectoriented, for developing ASIC libraries, the focus was also on signif-

event-driven logic simulation todLIVIA . First promis- icantly improving simulation performance at logic level.
Ing resul_ts concern|ng.5|mulat|on perf_ormance comparedto  Since its standardization, the VITAL concept has been
conventional VHDL-Simulators are given. integrated into numerous commercial VHDL simulation

tools. The VITAL package can be used with any VHDL
simulator, as it is entirely written in VHDL. But for im-
1 Introduction proving performance of the simulation, the simulation ker-
nel itself has to be modified in order to take advantage of
I . - . the VITAL restrictions. The potential for faster simulatio
, The speC|f|cat|on and d,es'gn of digital systems IS €ON" stems from the fact that only well defined timing procedures
tinously moving towards higher levels of abstraction. This o a t0 be used when describing an ASIC cell and the possi-

Is due to (tjhe |ncreaT,ing avaktlilability_of automated orfsEmi- ble modules for calculating delays and checking for timing
automated EDA-tools and the growing acceptance of hard-y;q4tions have to appear in a strictly defined order.

ware description languages like VHDL or Verilog. Never- Our approach for improving simulation performance at

theless, timing simulation of the final netlist at logic leve gate level differs from the VHDL simulator vendors ap-
is still an imperative step in the ASIC design cycle before proach, as we do not start from a fully-fledged VHDL sim-

sign-off. . ulation system and try to accelerate the VITAL subset for
In the past, there has been no uniform methodology for he simulati f netlists. The devel t of 1A
sign-off simulation based on VHDL. This was due to sev- the simutation of netlists.  The development o
eral factors: (Objectoriented. ogicsimulatiorl mplementing th&/| TAL
' Standard) was rather based on the dedicated logic level sim-
« As a matter of fact, there has been no industry- Ulation tools LDsimM [KA90, Krog9] and Gsim [Sch93].
accepted methodology for modeling asic cells in The paper is organized as follows: In section 2, we give
VHDL. a shortintroduction into the VITAL Modeling Specification
for those who are not yet familiar with this new standard.
e The timing model provided by VHDL was notaccurate In section 3 we highlight some details about the imple-
enough for sign-off. mentation of the new objectoriented logic simulation tool.
First results from simulated benchmark circuits and a per-
¢ Simulation performance at gate level was too low com- formance comparison to a commercial VHDL/VITAL sim-
pared to dedicated logic simulation engines. ulator are shown in section 4. In the final section, some
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concluding remarks and an overview of our future work is
presented.

2 VITAL Modding Style

Within a VHDL-based design flow, the VITAL Standard
establishes a uniform format for the description of library
cells for timing verification. In more detail, the following
aspects are covered by the VITAL concept:

¢ Model development guidelines for ASIC cells and re-
striction of the applicable set of VHDL

e Timing routines for defining temporal behavior and
timing checks for detecting and controlling timing vi-
olations

¢ Primitives for modeling functionality of cells

In Figure 1 an overview is given of the building blocks
of a VITAL library cell and the order in which they have
to be specified. There are two levels of modeling in VI-
TAL (a tutorial introduction to VITAL can be found in
[Lev95, Sch95]): VITAL level O rules are restricted to the
entity interface and these rules include a fixed variable-nam
ing convention for timing generics in order to enable SDF
backannotation. VITAL level 1 guidelines apply to the ar-
chitecture of the model: Here it is possible to model wire
delays, negative constraints, timing checks, functidyali
and individual path delays in the depicted order using the
procedures and functions from the VITAL package. The set
of applicable VITAL timing modules and the logical order
in which they have to be specified is strictly defined. This
fact can be exploited for a more efficient implementation for
the sake of speeding up gate level simulation.

3 Implementation

o Standardized generic parameters for backannotation of _ _ _ .
layout dependent delay parameters via SDF (Standard As a starting point for the new implementation, the

Delay Format)
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Figure 1. Structure of a VITAL-Model [IEE96]
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object-oriented simulation tool ©®M [Sch93] was used.
OsIM contains classes for implementing an event-driven
simulator: Events, event queue administration, boolean
primitives, signal models, input and output modules. It is
based on a specific logic modeling specification originally
presented in [Kro89].

During the development of ©Mm, one requirement was
to decouple the simulation kernel from the model of the cir-
cuit to be simulated. This was done by using a strict object-
oriented approach, thus facilitating later reuse of theusim
lation kernel for various applications.

Within the event-driven logic simulator lOvIA , there
are three main groups of objects which are instantiated dur-
ing the simulation:

¢ Objects, which represent the circuit to be simulated

¢ Event objects, which propagate information during the
simulation run

¢ Objects, which implement the simulation cycle

Due to the object-orientation of £ it was possible
to implement QIviA in a relatively short period of time.
A more detailed description of the different logic modeling
styles in GsiM and VITAL and implementational details are
givenin [Pel96]. Gim and QLIVIA are very good examples
for software reusability and code readability when styictl
adhering to an object-oriented programming paradigm.

Objectsfor Representation of the Circuit

During simulation, the circuit is represented by a num-
ber of various communicating simulation objects. These



Aé; objects. This way, component evaluations are triggered
QA by preceeding circuit elements and data is exchanged.
NOT_C Thus, there is quite a similarity between the natural sig-
nal flow in a circuit and its realization in the simula-
C Q tor. There are special objects which represent timing re-

lated behavior of the circuit. They can generate events,
which are scheduled by the event administration and ex-
ecuted by theSi nCbj itself later. By the data hiding

mechanism of the object-orientation paradigm, the func-

Eé; Q8 tion of a component is totally hidden within itself. There-
fore, the objects can have very different functions without
Figure 2. Example circuit mutual interference. In OviA for example, there exist
' components for wire delaysS{ mDel W r e), gates (e.qg.
Si nPr i MAND) and state tablesS{ nPr i nSt at eTabl e)
\»/»wwe 2 c»/ besides others. Different tasks are realized'within the
components, for example setup and hold time check
t 1 (Vi t al Set upHol dCheck) and appropriate selection of
Wire [~ 1 P~ / | Wire Wire path delaysV\i t al Pat hDel ay01).
I ! Figures 2 and 3 show, how a circuit is represented by a
\ | /4 = & b / set of objects within the simulator. Each rectangle is an in-
stance of &i mCbj . Besides the already mentioned com-
! t ponents for wire delays and gates, objects for stimulatfon o
Wire Wire primary input signals, recording of signals and fanout rep-
I resentation are depicted.
N i &p/ Event Objects
\ primary in | wire delay Corresponding to .the Qiscretg event simuIaFiop
SimnDig Si nDel Wr e parad_lgm, each non—lmm¢d|ate signal .change within
the circuit must be coded in an event object. They are
/7 signal recorder g p nand all dynamically generated during the simulation run, then
Si nRecDi g Si mPr i mNAND executed and finally deleted. Due to the significantly
F fanout b inverter different signal modeling concept in VITAL, new event
Si nDi st Si mPri m NV classes became necessary. They were implemented by
inheritance from existing base classes for events. Therefo
it was possible to reuse big parts of the complex event
Figure 3. Internal Representation in the Sim- administration of GiM for OLIVIA .
ulator Concerning event handling there is a difference between

OLIviA and other VHDL simulators: The normal preemp-
tion mechanism of VHDL is substituted by an alternative
which is more suitable for future parallelization of the sim

. ) i i ren reem
are dynamically created and connected to each other at the' lator. In Quivia, invalidated events are not preempted

beainning of a simulation run. Unfortunatelv. the classes immediately when the most recent event is inserted in the

forgcircui% representation of @'M could not byé used for event administration. Instead, they are deleted just be-
: . ir origi ion. N | preemp-

OLIVIA , because the element and signal modeling sho fore their originally scheduled execution. Normal preemp

; [ imula-

and VITAL differ. Nevertheless, several base classes couldt!On would degtroy the Iopkaheaq' [LL90] of the simufa

. . . . tion model, which is a basic condition for the parallization

be used as a starting point for refinements, thus reducing themethod TME WARP [Jef85]. The alternative method real-

req:lllred time fordevilorﬁ)lng.the.tnew fjocl)l. inst ¢ ized in QLIVIA keeps the lookahead, but does not have any

. components o_t € circuit model are Instances o impact on the simulation output. In order to implement this

different classes derived from the uppermost base cIas:smethod the normal VHDL event had to be extended by two
Si nbj . Therefore, they can all be mutually connected valueS',

corresponding to the circuit netlist. By these connec- '

tions, signal changes can be propagated to succeeding e Generation tick of the evenit.,
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o event type ( NERTI AL or TRANSPORT) Objects Implementing the Simulation Cycle

The distinction betweeh NERTI AL and TRANSPORT Additionally, there are some objects which implement
events is necessary only for special situations duringfglit the simulation cycle itself. The most important ones to
detection. Normally, a component generates either one ormention are the object which builds and manages the cir-
the other type of events during the whole simulation run cuittopology, and the object for event administration (gve
corresponding to its VITAL description. queue). There is only one instantiation of each of these ob-

teen is the more important value for correct event han- jec_ts and their lifetime lasts over the vvhole sir'nulat.ion.run
dling. The topology component, which creates an event, ThIS set of objects represents the basp functlonallty qf th
has a tick counter. It is increased at every VHDL delta simulator kernel.. Although a sllght_ly dlﬁgrent simulatio
cycle. When generating a new event, the topology com- cycle had to be implemented for simulating VHDL, soft-

ponent set$.,, of the new event to the same value as its ware reuse of major parts formerly used isi1@ was pos-
own tick counter. This value is used later when the event is sible.

scheduled. Then we decide whether this event is still valid

and must be executed or if it has to be ignored because o4 Resylts

causality reasons. The decision is done by comparing the

event tick with a second reference titk. s g within the
topology object. If the event is valid and executegl. s g«
is set to the tick value of the event.

In order to verify the correct functionality of the new
simulator Q.IVIA and to be able to compare its perfor-
mance to commercial VHDL simulation systems, we sim-
ulated different benchmark circuits. For this purpose, we
used three combinational circuits from the&s$yNTHI1
[Yan91] benchmark set (C17,.A42 and C6288) and a lo-

TRANSPORT BUFFER

T ise — 10 . . . . .
" _ cally developed sequential circuit 0®4). All simulation
Tran =5 . . . . .
experiments described in this section were conducted on
value: L H L a single-processor £ ALPHA 250 4/266 running D51-
tgen: g5 15 5 15 TAL UNIX V3.2. Our simulator QiviA was compiled with
A GNU G++ and all experiments with commercial simulators
\ were done in compiled mode.
T i It I I : An overview of the experimental simulation environ-

0 5 10 15 10 15 J/ 20 ¢ 25 ment is shown in Figure 5. The VHDL circuit netlist is
tRefBae: 0 05 15 15 read by a VHDL reader, which has been developed using the
e GNU BisoN and REX tools. The reader converts the cir-

:” “eH L L H cuit description into an intermediate directed graph doata
Gen- 5 7 S ing signal and component nodes. This intermediate graph
B &iﬁ;ﬁtf tReffl“ structure is used by OviA to build all necessary simula-
gnore . . . :
tion objects as shown for the small example in Figure 3. For
\ \ \ ¢ 1 1 \ ¢ generating stimuli, we used a simple program for generat-
0 5 10 15 10 15 20 25 ing random vectors. A primitive backend is employed for
tRefBae: 0 7 7 7 7

processing the outputfile produced byI@A and visual-
ize the simulation results. A graphical user interface has
not been implemented yet.

During simulation we applied randomly generated test
vectors to the circuit inputs. In each experiment, we traced
a set of internal signals and all output signals and we got

Figure 4 shows an example using a simple buffer with the the same simulation results on®@1A and the commercial
delays’rise = 10 and7r,; = 5. In caseA the event or-  VHDL/VITAL simulator. The performance figures shown
dering ('1',0") during generation and execution is the gam in Figure 6 and 7 are mean execution times obtained by
and no preemption or correction is necessary. In Bashe five independent simulation runs. The measured cpu time
event ordering changes. In VHDL event '1’ is deleted by in experiments with @iviA include the time for parsing
preemption, when event '0’ is generated. In our approach,the VHDL circuit description and the translation to an in-

Figure 4. Event Cancellation

event '1’is cancelled just before its execution, becausg
of the event is smaller thaig. ; £ 0f the buffer object.

termediate graph, the time to read the stimuli file, the time
for circuit simulation and for writing the trace file.



STIMULI CPU Time [sec]

GENERATOR 400 + 39881
VITAL Iﬁ STIMULI B 350 + ALUZ:
NETLIST FILe CPU Timeon Ijecalpha:
\ll ¥—>¢ Tool A
300
OLIVIA OLIVIA o——o0 OLIVIA
——=>1 INTERMEDIATE |—=>
VHDL READER GRAPH SIMULATOR ¢ Speedup 737
250
TRACE B
w FILE 200 +
VISUALIZATION 7.42
150 +
Figure 5. Experimental Simulation Environ-
ment 100 +
52.6 ' 54.13
50t 39.07
. . . I . ¢5'45 19.15
First, we did some investigations on the relation between 9.66
simulation runtime and number of input vectors. In Fig- o : ‘ ‘ ‘ ‘
ure 6 it can be seen, that for our exampleu® there is a 20000 40000  60.000  80.000  100.000
near linear correlation between execution time and number Input events

of vectors for both the commercial tool and.®IA . In

our experiments we observed that the nonlinear tendency . ) ] ]
increases with the size of the circuit and the number of test  Figure 6. Simulation Runtimes for Different
vectors. This effect may most likely result from sideefiect ~ Sets of Input Vectors

like the large sizex 20 Mb) of the simulation output files.

In Figure 6 you can also see the significant difference in
performance between our new simulation toal®A and
the commercial state-of-the-art simulatan@L A': When 5 Conclusion and Future Work
simulating the combinational circuiti& 2 we experienced
an increase in simulation speed by a factor between five and | his paper we presented a new objectoriented event-

seven depending on the number of input vectors. driven simulation tool for timing simulation at gate level
An overview of our first performance results with the implementing the VITAL Standard. The tool@/IA is cur-
benchmarks simulated up to now is depicted in Figure 7: rently under development and was originally designed to be
We obtained a really significant speedup for all circuits used in a VLSI design course. Therefore,@A is not yet
simulated yet. Even more interesting is, that the speedupcapable of parsing an arbitrary library of VITAL simulation
obtained by QiviA seems to increase with larger circuit models, but it works on a restricted design library consigti
sizes and larger sets of input vectors. For a more detailedof a number of combinational and sequential primitives. Al-
performance investigation we are now working on simulat- though there has been no fine-tuning of the code for perfor-
ing more and larger benchmark circuits. Furthermore, we mance yet, the simulation tool shows significant speedups
are currently conducting experiments with other commer- compared to conventional VHDL simulation tools at logic
cial VITAL optimized simulators. Our preliminary results |evel while producing the same simulation results.
indicate that simulation tool OVIA outperforms DoL B The focus of current and future work is on the following
— which is said to be one of the fastest VHDL/VITAL sim- topics:
ulators at the moment — by a factor between two and three.

e Further performance evaluation and comparison to

L For reasons of license agreements, we do not explicitelyereamy of Commercm VITAL OptimiZ?d §|mulators while sim-
the employed commercial simulation tools in this paper. ulating larger benchmark circuits
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e Enhance capabilities of the frontend VHDL reader

in order to be able to process hierarchical structural

VHDL designs

¢ Implementation of a mechanism for backanntotation of [Schog]

layout dependent delay information via SDF

During the conceptualization and implementation phase
of OLIVIA special emphasis has been laid on the ability to
port the simulator to a parallel environment later. There [Sch95]

are already plans for a parallel VITAL simulator operating

on a workstation cluster. This endeavor will be guided by
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