VCAP USER'S MANUAL

RELEASE 2.1

April 1998

SOURCE I, INC.

3450 Palmer Drive,

#4-199

Cameron Park, CA 95682
(530) 676-9329 Phone
www.sourcelll.com



TABLE OF CONTENTS

1.0 INTRODUCTION ...ttt e ettt ettt et e et e e e e e e e e e e eeeeeeaeae e nrnnnnas 3...

2.0 VCAP COMMAND FILE ... ettt ettt e e e e e e e eeee e e e nnanen 4
2.1 COMMAND FILE SYNT AX Lttt ettt e e e e e e e e e e e e s 5
2.2 BUS/VECTOR NOTATION ...ceteeeetet ettt ettt et e e e e ee e ee e ee e s 5
3.0 READING SIMULATION RESULTS FILES......oe e 7
3.1 SRC and REF_BLOCK COMMANDS..... ..ot 7
3.2 MORE ON READING VECTOR DATA ...ttt e 21
4.0 COMPARING SIMULATION RESULTS FILES......cooiiiiiiiiiiie e 27
4.1 NORMALIZING SIMULATION DATA ..t 27
4.2 COMAPRISON ALGORITHMS ...t 28
4.3 COMPARISON PARAMETERS ... ..ot e e e 30
4.4 FILE COMPARISON EXAMPLES. ...... . o e 36
4.5 FILE COMPARISON STATUS ... et e e e e e eeee e 40
5.0 ANALYZING SIMULATION RESULTS FILES ... 42
5.1 ANALYSIS _BLOCK COMMANDS ... .ottt 42
5.2 IDENTIFYING INPUT PIN BEHAVIOR ..o 47
5.3 FILE ANALYSIS EXAMPLE ... ot e e 52
APPENDIX A - VCAP COMMAND SYNTAX oottt ee e A-1
APPENDIX B - VREAD.BIN CANNED READERS .......oootiii e B-1
APPENDIX C - INTERMEDIATE VECTOR FILE (IVF) FORMAT ....ooiiiiiiiiiie C-1

INDEX



1.0 INTRODUCTION

In typical design methodologies used today for the development of ASIC and full custom
integrated circuits, logic simulation plays a critical role. This role is one of predicting how a
particular design implementation will behave when it is realized in silicon. This includes both
state and timing behavior. Given the substantial expense and time required to fabricate a design
in silicon, it is very important that the information generated by a simulator be completely and
accurately verified against whatever reference or expected state and timing information is
available. The verification of state and timing information in a simulation results data file is one
of the primary functions of VCAP. Some specific applications where VCAP can be employed to
verify simulation results files are:

» Comparing simulation results with expected results which were defined in a VGEN source
file, or some other data source.

» Comparing the simulation results from a behavioral simulation and a gate-level simulation
following logic synthesis. If the gate-level simulation is a print-on-change data file, VCAP
can be directed to collapse this to cycle-based data by strobing different pins at various times
in the cycle, before doing the state comparisons.

» Comparing the simulation results from a pre-layout run with the results from a post-layout
run. VCAP can be directed to allow for specific timing tolerances on different pins during
the comparison process.

A second capability available with VCAP is the analysis of simulation results files for pin timing
and behavior. This analysis reports minimum/maximum output delays, output pin transition
statistics, illegal states, glitches, input pin behavior and attempts to identify tester resources that
would be required to reproduce the input behavior and monitor the output timing. Some
applications utilizing these capabilities are:

» Checking the propagation delays in a simulation results file against specification values.
» Checking for glitches or illegal states in a simulation data file.
* Producing a timing summary data sheet for a design.

» Checking that a set of simulation results data will map to the resources available on a specific
tester, and determining the actual timing parameters for these resources.

When VCAP is first invoked, it looks for the command file whose name is supplied on the
command line. Thus, an example of invoking VCAP might be:

vcap cktl.cmd

This command file contains commands which instruct VCAP as to the tasks it is to perform
including the names of the simulation results file(s) on which it is to perform these tasks.
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2.0 VCAP COMMAND FILE

The VCAP command file has the following structure:

SRC_BLOCK
BEGIN
SRC_BLOCK_COMMANDS
END
REF_BLOCK { Optional }
BEGIN
REF_BLOCK COMMANDS
END
COMPARE_BLOCK or ANALYSIS_BLOCK
BEGIN
COMPARE/ANALYSIS BLOCK_COMMANDS
END
END

Depending upon the specifics of the application, VCAP command files will always contain either
two or three command blocks. The first command block is always the SRC_BLOCK. This
block of commands describes the Source Vector file; what its format is, how to read it, and what
type of normalization (if any) needs to be done to the simulation data in the file. The next
command block that may be included in the VCAP command file is the REF_BLOCK. This
block of commands is only necessary when doing simulation results file comparisons where the
format of the data in the Reference Vector file is different than that in the Source Vector file. If
the data files are identical in format, i.e. different simulation runs from the same simulator and
same design data base, then the REF_BLOCK is not necessary.

The last command block is always either a COMPARE_BLOCK or an ANALYSIS_BLOCK,
depending on whether VCAP is performing a comparison of two files or an analysis of a single
Source file.
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2.1 COMMAND FILE SYNTAX

The commands within a VCAP command file are essentially free-form. In general, all
statements should be terminated with a semi-colon (;), all command blocks start with a BEGIN
statement and end with an END statement. For all commands, text is not case sensitive. For pin
names, the default is for names to not be case sensitive, although this can be changed with the
CASE_SENSITIVE command. States, such as those which might be specified in a
STATE_TRANS command are case sensitive.

Comments can also be placed in the VCAP command files by surrounding text with { }
brackets - nesting of comments is allowed. This is useful for documentation purposes and to
temporarily delete commands. Appendix A contains the detailed syntax for each legal VCAP
command.

2.2 BUS/VECTOR NOTATION

Special notation can be used in VCAP to denote signal busses or vectors. This provides a very
flexible and compact way of dealing with system busses.

Pin names which end with a sub-scripted notation are vectored pins. These are essentially pins
which have the same name, but differ only by a sub-script. Legal sub-script formats for vectored
pins are any of the following:

[n] e.g. BUS|[0], BUS[1], ...
<n> e.g. BUS<0>, BUS<1>, ...

where n is some positive integer. Another form of vectored pin name includes a list or range of
sub-scripts. Legal formats for this form include the following:

[n1,n2,n3,n4] e.g. BUS[3,2,1,0] list

[n1..n4] e.g. BUS[3..0] range
[n1:n4] e.g. BUS[3:0] range
[n1,n2,n3..n4] e.g. BUS[12,10,8..1] list + range

where in is a positive integer, and the [ ] may be replaced with <>. The first three of the above
are equivalent in that they refer to 4 pins called BUS[3] thru BUS[0]. The order of the sub-script
or range numbers is important when defining them with an INPUTS, OUTPUTS or BIDIRECTS
Statement since it defines an order for msb and Isb. In general, the msb is the left-most sub-
script index and the Isb the right-most sub-script. For example, in the following statement:

INPUTS PINA, PINB, DBUS|[7:0], ADBUS[15:8] ;
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we have defined a pair of 8-bit busses as DBUS and ADBUS, where DBUS has an msb of 7
(DBUSJ[7]) and an Isb of 0 (DBUSIO0]), and ADBUS has an msb of 15 (ADBUS[15]) and an Isb
of 8 (ADBUSI8])).

When a bus name is used in the pin list of a VCAP command, the vector notation can be
optionally be left off if the whole bus is being referred to. This is illustrated below:

BUSFORMAT DBUS = HEX, ADBUS = OCT ;

Here, the entire DBUS is specified as being in HEX notation and the ADBUS as being in
OCTAL notation.
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3.0 READING SIMULATION RESULTS FILES

In order to perform comparisons and/or analysis of simulation results files, VCAP must first be
able to read these files. Unfortunately, the format in which simulation results data is saved is
different for every Logic Simulator on the market today. In fact, for many Simulators the format
can be customized to at least some degree. Thus, the task of reading an arbitrary simulation data
file is non-trivial. VCAP deals with this problem in two ways. First, it provides a number of
canned readers for popular simulation formats - new ones are constantly being added. Secondly,
for other formats VCAP provides a mechanism for reading vector data whereby the user
describes to it the format of the simulation data it is to read - this is referred to at the User-
programmed reader. In addition, when comparing simulation results data from significantly
different simulation sources, it is often necessary to do some processing of the data from one or
both of the data files. This processing might include translating state characters, separating
bidirectional pin data or resolving timing differences between the two files. Here again, VCAP
deals with this need in a generic way by letting the user tell it exactly what kinds of pre-
processing needs to be done on either or both data files so that the comparison can be done
effectively (i.e. comparing apples-to-apples).

3.1 SRC and REF_BLOCK COMMANDS

The mechanism by which the user describes to VCAP the format of simulation results data to be
read, and any processing to be done, is by way of a set of commands in the SRC_BLOCK, and
possibly the REF_BLOCK of the VCAP command file. The SRC_BLOCK contains the
commands for reading the Source Vector file, while the REF_BLOCK contains commands for
reading the Reference Vector file. If the two vector files have identical formats, then the
REF_BLOCK is not needed.

In a typical VCAP command file, there are at least two commands that must appear in the
SRC BLOCK, and REF_BLOCK. These are the Vector filename (SOURCE_FILE,
REFERENCE_FILE) and one of the three FORMAT commands (TABULAR_FORMAT,
SCRIPT_FORMAT, or WAVE_FORMAT). This is the minimum amount of information that

the software needs to load a Source Vector File (or Reference Vector file) and applies primarily
to the case where a canned reader is being used. If the Vector filename is specified as a
command line parameter when VCAP is invoked, then it need not be included in the command
file. Other commands are used to improve the programs ability to read/interpret the time & state
data, scale/shift the time line, or to align the data to specified cycle boundaries. The following
example illustrates loading a VCAP Source file using a canned reader, and a Reference file using
the User-programmed reader:

SRC_BLOCK { use canned reader for Verilog VCD file }
begin
source_file "newsim.vec";
script_format verilog_vcd,;
end
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REF_BLOCK { read using User-programmed reader }
begin
inputs clk, pinl, pin2, pin3;
outputs out[7:0], carry;

begin_line 32;
tabular_format " $atime : $states”;
end

The following sections discuss each legal command that can appear in the SRC and REF
BLOCK of a VCAP command file. For the detailed syntax of these commands see Appendix A.

3.1.1 ALIGN_TO _CYCLE/ALIGN_TO_STEP

When reading vector data that was generated using a print-on-change mode, for comparison with
cycle-based simulation data, it may be necessary to align the vectors of the print-on-change file
around the cycle of the other file, or perhaps strobe the state of various pins at different times to
determine their state for the cycle. Both of these commands can be used to translate print-on-
change data to cycle data where the pin states for each cycle are determined by strobing the input
data at specified times. The first of these commands allows you to define a set of strobe times at
which pin states in the vector file are looked at for cycle state data. The command syntax is:

ALIGN_TO_CYCLE cycle pinlist @ time ,. . . pinlist @ time;

The cycle parameter specifies the time step to which the vector data is to be collapsed. If
multiple ALIGN_TO_CYCLE commands are used, thyele parameter must be the same value

for each of them. Thepinlist @ time' parameters specify when pins should be strobed to
determine their state for the cycle. Timae parameter is an offset to the cycle boundary. Pins
with no time specified will be strobed at the beginning of the cycle. The following example
illustrates this command's use. Here we have a Source Vector File with four pins (p1, p2, p3, p4)
and print-on-change data form a timing simulation run:

Source Vector Data

1001001
1301011
1401111
1701110
1801010
2000010
2300000
2750001
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3000001

Graphical Representation of Source Vector Data:

100 200 300
pl
p2
p3. —A—
p4 | [
50 90 50 90
ALIGN_D_CYCLE 100 p2, p3, @ 50, p4 @ 90;

Resulting Vector Data Loaded:

1001110
2000001

Here we can see that the data has been collapsed from print-on-change to cycle data with the
states of each pin being defined at the specified strobe points.

The second command, ALIGN_TO_STEP, allows you to define a cycle time step, with optional
time offset, for the Source (or Reference) Vector File, and VCAP will strobe all vectors in the
file at this time step. This command has the following format:

ALIGN_TO_STEPcycle[offset] ;

The cycle parameter, as before, specifies the time step to which the vector data is to be
collapsed. If nooffset parameter is specified, the strobe point for all pin state data is at the
beginning of each cycle, otherwise it is shiftedofigetfrom the cycle boundary.
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3.1.2 BEGIN_LINE / BEGIN_STRING

These commands tell VCAP where to begin processing data in the Vector file and can be used
with the User-programmed reader. If one of these is not present in the SRC_BLOCK
(REF_BLOCK), then processing will begin on the first line of the file. These commands are
useful for two purposes. First, they can be used to guide the software past header information
which might otherwise confuse it. Secondly, you can cause VCAP to skip some number of the
initial vectors before beginning processing. Examples of their use are:

BEGIN_LINE = 23;
BEGIN_STRING "$START";

Where the 23 in the first example is the line number at which processing will begin. In the
second example processing will begin in the line immediately after the string "$START" is
found beginning in column 1 of a line, here the text is case sensitive.

3.1.3 BIDIRECT_CONTROL / BIDIRECT_STATES

These commands are used to separate input from output state data on bidirectional pins. They
essentially de-multiplex this data when reading simulation results files for comparisons or
analysis which require the separation of this data. Pins which are controlled by either of these
commands must have been declared with the BIDIRECTS command in the SRC_BLOCK
(REF_BLOCK), or have been determined to be bidirectional by a canned reader. The first
command, BIDIRECT_CONTROL, has two forms. In the first form it defines a control pin (or
logical combination of pins) whose state determines when bidirectional pins contain input data or
output data. A simple example would be:

BIDIRECT_CONTROL dbus = input when ctrl = 1;

Here, we are telling VCAP that the dbus contains input data when the pin ‘ctrl is a logic 1, and it
contains output data (by default) otherwise. The control expression for this command, ‘ctrl’ in
the above example, can also be a simple logical expression which contains OR (|), AND (&) and
NOT (~) operators. Evaluation of this expression is left-to-right; parentheses can be used to
modify the order of evaluation. A slightly more complex example would be:

BIDIRECT_CONTROL dbus=output when ctrl&(mode|~enb)=1,
default_input=U, default_output=X;

In this example, the data on the dbus pins is interpreted as output data when the ctrl pin is a 1
AND either the mode pin is a 1 OR the enb pin is 0. When data is determined to be input, it is
assigned to the input version of dbus and an X (the default output state) is assigned to the output
version of the dbus (dbus.O). Likewise, when the control expression is true, the data is assigned
to dbus.O and dbus is assigned the state U (the default input state). Note that if the
default_output state is set to the character #, then the output version of dbus will have the same
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state assigned to it as the input version when the data is determined to be input.

The second form of this command allows us to define when a bidirectional pin (or pins) have

input (or output) data by when the pin's state transition occurs. Often, when defining stimulus
for a bidirectional pin, the input data is applied at a fixed time (often at the start of the cycle)

while the output data arrives at the pin after some internal delays. Thus, we can determine
whether bidirectional pin data is input or output by when the transitions of data occur. The

format for this version of the command is illustrated in the following simple example:

BIDIRECT_CONTROL DBUS = input @ 0, default_output = X;

Note that we have substituted ' @ 0 ' in this command for the ' when expr = state ' of the previous
form. The 0 is a time offset from the CYCLE boundary. Here, VCAP will interpret all state
transitions which occur on DBUS at the cycle boundaries ( 0 offset) as input data, and state
transitions that occur at any other time as output data. Whenever data is interpreted as input data,
the output version of the pin will be assigned the DEFAULT_OUTPUT state of X. In order to
use this command, the CYCLE command must be defined either in the SRC_ or REF_BLOCK.
The following example illustrates the application of the command above:

DBUS waveform:

100 200 300 400

AA 33

N
N

DBUS 00 55

240 330

Resulting data separation:

dbus dbus.o
100 55 XX
200 ZZ XX
240 ZZ AA
330 ZZ ZZ
400 33 XX
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The second command for separating bidirectional pin data is the BIDIRECT_STATES command
which can be used when the state data on bidirectional pins uses different characters for input
data than for output data. This makes the separation fairly simple. An example of its use would
be:

BIDIRECT_STATES input 1, 0, Z, output H, L, X;

This command tells VCAP that when any bidirectional pins have a 1, 0 or Z they are input, and
when they have a H, L or X they are outputs.

3.1.4 BUSFORMAT

If pin state information contained in the Vector files for busses is not in binary format, then this
command can be used to tell VCAP what radix to use when reading the data. The syntax has two
variants. The first is the global variant:

BUSFORMAT hex;

Which defines a radix for all busses. The second variant specifies radixes for specific busses
with the default Binary radix assumed for any bus not explicitly listed:

BUSFORMAT adr=hex, db=oct;

3.1.5 CASE_SENSITIVE

Pin names specified in VCAP command files, and those encountered in vector files by canned
readers are, by default, not case sensitive. This command tells VCAP to maintain case
sensitivity when dealing with pin names. This allows, for example, the pin names "clk1",
"CLK1" and "CIk1" to be maintained as separate pins instead of all referring to the same pin, as
would normally be the case.

3.1.6 CYCLE

For Vector Files which contain no time information, or for which you wish to ignore the time
information, the CYCLE command, together with the $autotime keyword in one of the
FORMAT commands, can be used to define time tags for the Vector File. In this case, the
amount of time specified with the CYCLE command will be added to the current time after each
vector in the file is read. CYCLE is also used with the second version of the
BIDIRECT_CONTROL command to define where the cycle boundaries are. An example of this
command's usage followings:

CYCLE 225;
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3.1.7 GROUP

Vector Files which have tabular formats typically have the pin states listed contiguously on a
single line with perhaps some whitespace characters as separators. There are some cases,
however, where the pin states are grouped on either multiple lines or a single line with odd
separators. The GROUP command allows you to define up to 10 (0 - 9), pin-state groupings
which can then be specified in the FORMAT statement for the User-programmed reader. For
example:

GROUP 0 busa, addr, pinl, pin2, pin3 ;
GROUP 1 busout, mode, pin4, pin5, pinG6 ;

defines a group of pins as group 0 and another as group 1, so that they can be specified in the
FORMAT command for loading state values:

TABULAR_FORMAT " $atime >> $gstatesO $newline $gstatesl”;

3.1.8 INPUTS/OUTPUTS/BIDIRECTS

All of the pins that have state information in the Vector file must be declared in the
SRC_BLOCK (REF_BLOCK) with one, two or all of these commands, except when using a
canned reader which can get pin direction information directly from the vector file (See
Appendix B). For the User-programmed reader, if the Vector file is a tabular format, then the
order of the pins defined by these commands must match the order in which they are listed in the
Vector file (unless the GROUP command is used as illustrated above). Multiple INPUTS,
OUTPUTS & BIDIRECTS commands may be used to accomplish this. It is also with these
commands that busses are specified. Some examples of these commands and legal bus notation
are:

INPUTS pinl, pin2, dbus<7..0>, adr<32..23,5,3>;
OUTPUTS al, a2, a3, ctrl[5:0], tops[9,6,4:1];
BIDIRECTS bus[31:0], io[12:2];

When a pin or bus is defined as being BIDIRECTS, VCAP creates two internal pin versions for
each pin. The first has the defined name and will be used to maintain the input state data from
the Vector file. The second is given the name pin.O (the defined pin name with a .O suffix
added), and will be used to contain the output state data for the pin. For the case where
bidirectional pin state data is contained in a single column in the vector file, state information
from the file will be placed in the output (.O) version of the pin only when one of either the
BIDIRECT_STATES or BIDIRECT_CONTROL commands is used to separate input from
output data. Otherwise all Vector data for these pins is assumed to be input data.
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3.1.9 KEEP_IVF

As VCAP is reading and processing the Source and Reference Vector files, according to the
formats specified in the SRC_BLOCK and REF_BLOCK, it places the "normalized" vector data

in two temporary files; the _ src.vec and _ ref.vec files. These files are normally in a
compacted binary format so that when VCAP begins the comparison or analysis phase of its
operation, they can be quickly re-loaded. When VCAP is finished with these tasks, it erases
these intermediate files. There may be times when it is advantageous to keep one or both of
these intermediate files. For example, if the Reference Vector file is fairly large, and requires a
lot of processing, its intermediate form can be saved, re-named and used in this processed form
for further comparisons. This command instructs VCAP not to erase these intermediate files
when it is done processing.

If you wish to view the state information in either of these files, the file format can be forced to
an non-compacted ASCII format by specifying the optional NOCOMPACT flag. This is
sometimes useful to see how VCAP has read and processed the vector data in the Source or
Reference files prior to comparison or analysis.

3.1.10 MAX_UNMATCHED

This command is used to control the reporting of unmatched vector lines during Source and
Reference file reading when using the User-Programmed Format Strings defined with the
TABULAR_FORMAT, SCRIPT_FORMAT and WAVE_FORMAT commands. An optional
VERBOSE flag provides immediate feed-back on where and why VCAP is not matching any of
the vector lines. An example of the command is given below:

MAX_UNMATCHED = 10, verbose ;

Here, we are telling VCAP to report only the first 10 vector lines which it is unable to match
with a format string. In addition, the verbose flag is set which tells it to report these vector line
mismatches with additional information concerning where in the line and why each line failed to
get matched. An example of the output produced is:

UNmatched Line # 70 :
3000 0000100000000000001172772727Z7Z

AN

Format 1: The number of state characters in this vector line is less than the
number of pins ($STATES)

As VCAP reads each vector line in the Source or Reference files, it attempts to match the
character data in the line with one of the format strings which have been specified. When it
successfully matches the line to a format string, it accepts the data and updates appropriate time
and state information. If VCAP is unable to match a vector line to any of the format strings, it
issues an "UNmatched line" warning to the screen. This command provides additional control
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over this reporting process, which can be very helpful in debugging the format strings you
specify vs. the actual format of data characters in the vector lines.

3.1.11 REFERENCE_FILE, SOURCE_FILE, AUX_FILE

The name of the files containing the Source and Reference Vector data can be specified in one of
two ways. The first way is to include this command in the SRC_BLOCK and REF_BLOCK as
shown below:

SOURCE_FILE "siml.vec"; {in SRC_BLOCK}
REFERENCE_FILE "ref.vec"; {in REF_BLOCK}

If the simulation results data in both Source and Reference Vector files has the same format (for
example when comparing a pre-layout simulation run with a post-layout simulation run), and
hence a REF_BLOCK is not required, then both the SOURCE_FILE and the
REFERENCE_FILE commands would appear in the SRC_BLOCK. The file name string may
include a path prefix. The second way to specify the file name is to include it in the command
line when VCAP is invoked. If present, the second argument in the command line is assumed to
be the Source Vector file name and the third argument is the Reference Vector file name. For
example:

vcap a vs_b sima.vec simb.vec

will invoke VCAP with a_vs_b as the command file, sima.vec as the Source Vector file and
simb.vec as the Reference Vector file name. When file names are included with the invocation
of VCAP it overrides the SOURCE_FILE and REFERENCE_FILE commands in the command
file.

For some canned readers (see Appendix B), a secondary file is required along with the main
vector file. The AUX_FILE command can be used to specify the name of this secondary file.
An example if its use is:

AUX_FILE "dvectors.sdf" ;

3.1.12 SCALE

The SCALE command can be used to expand or contract the time line in the Vector File being
read. Each time stamp in the file is multiplied by the real number specified with this command.
For example:

SCALE = 0.75;

would contract the time line of the vectors by 25%.
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3.1.13 SCRIPT_FORMAT / TABULAR_FORMAT / WAVE_FORMAT

The format of time and state information in the Vector File (Source or Reference) to be read
must be specified using one of these three commands. These commands form the core of
information used by VCAP in order to interpret this vector information. VCAP categorizes
vector data formats into one of three general classes. The first class is called TABULAR format,
the second is referred to as SCRIPT format and the third is called WAVE format. SCRIPT
formats are characterized by individual pin state assignments at specified times, often with
variable-length data. TABULAR formats have vectorized lines containing time stamps and
states for all pins, typically in a fixed format. While for SCRIPT and TABULAR formats, the
data is organized by time, i.e. time increases monotonically through the file, in the WAVE
format state data is organized by pin. Typically, all of the state/time information for a given pin
is listed, then those for the next pin, and so forth. An example of the WAVE format is
ViewLogic's .wfm file format. The syntax of these three commands is illustrated in the
following examples:

TABULAR_FORMAT " @$atime = $states" ;
SCRIPT_FORMAT "d $pins, $states”, "s $dtime";
WAVE_FORMAT " PIN $pins IS", " $states AT $atime ";

Essentially, these commands allow you to specify up to 20 quoted text strings which, with the

help of special $keywords, describe the order and format of data in the Vector file. In addition to

these User-programmed format strings, VCAP supports a number of canned readers for
particular simulator formats, via the vread.bin modules. These are specified by name (no quotes)
as follows:

TABULAR_FORMAT canned_reader ;
or
SCRIPT_FORMAT canned_reader ;

For more information on the canned readers available with this release and how to invoke them,
see Appendix B.

When using the User-programmed reader, VCAP scans each line in the file and attempts to
match the data with one of the quoted strings specified in these commands. If it succeeds, then
the line results in new time and/or state information being loaded. If it does not succeed in
matching one, then the line is ignored and it is reported as being UNmatched.

Within the FORMAT strings there are two special characters, the space and the $ character. The
space character tells VCAP that there may be 0 or more whitespaces at this location. Thus, a
single space in the FORMAT string can match O or more whitespaces in the vector line. The
characters interpreted as whitespaces in the vector line include space and tab. Other characters
can be added to the list of whitespace characters using the WHITESPACE command - see the
section discussing this command for details. VCAP also allows whitespace characters to occur
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between pin states in the vector line. In order to speed the matching of vectors in the Vector file
with FORMAT strings, the strings are compacted before processing begins. Since a single space
in the FORMAT string can match multiple white space characters in the vector, multiple
contiguous spaces in the string are removed. Also tabs and carriage returns are compacted out.

The $ character prefixes one of several keywords that tell VCAP what kind of data to expect at
this location in the vector line, or what kind of action to take. Any other character encountered
in a format string is interpreted as a "hard" character and must have a corresponding identical
character at this location in the vector line for the format string to match. Currently, the legal
$keywords and their meanings are as follows:

» Sautotime - advance time by CYCLE value. This should be placed at the end of the format
string and the CYCLE command should be used to define the time increment value.

* $atime - absolute time stamp. This is the most common case, a positive time stamp for the
current vector.

* $dtime - delta time stamp. For some input stimulus files, the time stamp represents a delta
time from the time of the previous vector. VCAP thus adds this value to the current time to
get an absolute time stamp for the vector.

» Sotime - offset time. Time stamp which represents a time offset from a previous absolute
time stamp - script formats only.

* S$newline - this tells VCAP that it should get the next line in the Vector file and continue
processing from the first character in this line. Whatever may remain on the current line is
ignored. This may be used when the vector file has pin states which span several lines and
would normally be used in conjunction with the GROUP command and $gstatesn keyword.

» Sstates - state data for the pins. When this $keyword is used in a TABULAR_FORMAT
string, VCAP looks for the states of all the pins. In the process of doing this, it uses the pin-
order information that was provided in the INPUTS, OUTPUTS and BUSFORMAT
commands. Between individual pin states, VCAP will skip any whitespace characters.
When this $keyword is used in a SCRIPT_FORMAT or WAVE_FORMAT, VCAP looks for
the states of those pins which have been specified previously with a $pins keyword only.
This is typically a single pin or bus.

e $gstatesn - state data for pins listed in GROUP n, where n can be 0, 1, .., 9. For tabular files
where the state data for pins is split-up into groups which may span multiple lines. Pins
which form busses should not be split across different groups.

» $skipeol - skip to the end of the line. This is useful when comments or other unrelated
characters follow the time and state data of a vector line. VTRAN is essentially told to
ignore anything else from the current position to the end of the line; it does not cause a new
line to be loaded.

» $skipn - skip n character positions in the vector line, where n can have a value from 0 to 99.
This keyword can be used to skip past text in the Vector file which perhaps changes on each
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line, but is not relevant to time or state information - for example if the vector file has line
numbers in certain columns.

e S$skipto_x - skip across the vector line until the character X' is found, where 'x' can be any
printable ASCII character. This keyword allows you to sync-up your format matching to a
specific character in the vector line.

e $pins - pin or bus name. This $keyword is used only in SCRIPT_FORMAT and
WAVE_FORMAT strings since for TABULAR_FORMAT files all pins have new states
specified in each vector line. VCAP looks for a pin or bus name in this position of the vector
line, and typically will update this pin or bus with the states defined by the next $states
keyword.

Within a SCRIPT_FORMAT or WAVE_FORMAT string, a "repeat” function can be specified
by enclosing the section of the string to be repeated in parentheses as follows:

SCRIPT_FORMAT "AT $atime ($pins := $states) ;";

This string will match a vector line witch begins with "AT", followed by a time stamp, followed
by one or more "pins := states" assignments, and terminated with a ';".

The actual FORMAT strings used to describe time and state information in the Vector file will
vary depending on the format of the information and the goals of any desired processing. For a
given Vector format there are typically a number of different FORMAT strings that would do
equally well in loading the data.
The use of FORMAT commands is probably best explained with some examples. The following
examples give a sample vector line(s) from the Vector file and the corresponding FORMAT
strings that would match them, followed by some discussion where appropriate.
VECTOR 1.

234000 1,0,1,0,1,1,4D,F5,1,1,0,0;
TABULAR_FORMAT " $atime $states;";
Comments: define comma as a whitespace and two busses as hex.

VECTOR 2:

@1207.23 =101001110101110101

TABULAR_FORMAT " @$%$atime = $states";
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VECTOR 3:

10110.fd.010.23.001010 /+100

TABULAR_FORMAT " $states /+$dtime";
Comments: define '."' as whitespace and radix for two busses.

VECTOR 4:

FORC dbus FCS 4300 -A
FORC pina 1S 4310 -A

SCRIPT_FORMAT " FORC $pins $states $atime -A";

or
SCRIPT_FORMAT " FORC $pins $statesS $atime $skipeol”;
Comments: for the first case, define STATE_TRANS '1S'->'1', '0S'->'0";

When specifying the FORMAT strings, it is important to use "hard" characters whenever
possible and to order multiple format strings so those with hard characters occur first. This is
illustrated in the following example:

VECTOR 5:

* comment line
10110001010011010101 /765090

TABULAR_FORMAT "* $skipeol”, "$states /$atime";

In this example the Vector file contains two different kinds of lines. One type are the actual
state/time vector data and the other type are comments. The two format strings cover each of
these lines. It is important to note that the order of the two strings is significant here since it
determines the order in which VCAP will attempt to match each vector line in the file that it
encounters. Due to the fact that almost any character is a legal state value, if the $states string
were matched first, it would begin matching pin states to *, ¢, o, m, m, etc. and would not realize
the string doesn't match until it encountered the '/* character - this will obviously slow down the
matching process. In general, use "hard" characters, such as the * in this example, whenever
possible early in the string. This maximizes VCAP's efficiency and accuracy. See the end of
this section for further examples.
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3.1.14 STATE_TRANS

The STATE_TRANS command can be used to specify state translations to be performed while
reading the Vector File. This is a common need when comparing simulation results data from

two different simulators. Separate STATE_TRANS commands can be specified for inputs and

outputs. Multiple translations can be specified including 2-character states. Each translation pair
has the form: 'A’->'B' where the from (A) state can be 1 or 2 characters and the to (B) state is a
single character. For example the command:

STATE_TRANS outputs 'H'->'1", 'L'->'0';

will translate the H and L output states in the Vector file to a 1 and O state, respectively.
Likewise, the command:

STATE_TRANS '1S'->'1", '0S'->'0', 'XZ'->'Z';

will translate Mentor force file states (both input and output) with S strength suffixes to single
character states. This translation will also handle busses so that the bus value 0110010S will
map to 0110010, and the equivalent hex value 32S will map to 32. When doing translations with
both single and two-character states in the Vector file, the two-character states should be listed
first in the STATE_TRANS command.

The special STATE_TRANS character M can be used to specify that a character in the Vector
file represents "no-change” from the previous state. An example of the usage is as follows:

STATE_TRANS ".'->";

Here VCAP is being told that when it sees a '." in the Vector file, it means that the state for this
pin at this time is the same as it was in the last vector.

3.1.15 TERMINATE

When loading a Vector File, VCAP will continue until it reaches the end of the file unless
otherwise instructed. With the TERMINATE command, VCAP can be told to stop loading
vectors from the file when it reaches a specified line number, time or string in the file. The three
variations of this command are:

TERMINATE LINE 250;
TERMINATE TIME 387600;
TERMINATE STRING ".EOP";

When terminating on a string, the first character of the string must be the first character in the
desired termination line.
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3.1.16 TIME_OFFSET

VCAP extracts a time stamp from the Vector file for each vector it loads. The TIME_OFFSET
command causes VCAP to shift the time line of the vectors by the (positive or negative) amount
specified. The syntax is:

TIME_OFFSET = -50000;

This value is added to each time stamp read in the Vector file. If the resulting time is a negative
number, then the vector is ignored.

3.1.17 WHITESPACE

The format of vectors in the file being read is specified using the TABULAR_FORMAT,
SCRIPT_FORMAT or WAVE_FORMAT commands as discussed above. When VCAP is
attempting to match lines from the Vector file with one of these format strings, it will skip over
characters which have been defined as whitespace. These initially include the space and tab
characters. Often there are other characters in the file that act only as separators and should be
treated as though they were blank spaces. These characters can be added to the whitespace list
using the WHITESPACE command as follows:

WHITESPACE ', '-' ;

In this example, VCAP is instructed to ignore commas and dashes as though they were blanks.
If a set of tabular Source or Reference file data has vectors which span more than a single line
(per time stamp), then the newline \n' character can be added to the WHITESPACE list to tell
VCAP to continue to the next line when looking for additional pin state characters.

3.2 MORE ON READING VECTOR DATA

VCAP provides a high degree of flexibility for reading simulation data in various formats. This
flexibility is embodied primarily in the User-programmed format strings which can be used when

a canned reader is not available for a particular vector format. These essentially let the user tell
the translator how the data to be loaded is formatted. In the most common and simplest case,

simulation results data is contained in a tabular format file with each vector having a time stamp
followed by the pin state information. A typical example of a flat tabular file would be:

1200400 = 0110100111010101;
1200500 = 0110100100010101;

where the = sign separates the time from state data. For a simple case like this, the format string:

TABULAR_FORMAT " $atime = $states;";
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tells VCAP how to interpret the data, assuming of course that the pin names and order were
defined. VCAP will examine each line in the Vector file and attempt to match it with this
format. For each line, if it feels that the contents of the line match this format then it will accept
the line as a valid vector, updating both the time and pin state data. If it doesn't feel satisfied that
the line matches this format, then VCAP will issue an UNmatched Line warning and ignore it.
For example, in the above vectors, if the following lines were encountered:

/* this is a comment */
or
inputs pina, pinb, pinc, pind, pine;

VCAP would realize that the lines do not match the format and would ignore them. For most
vector files that have data in a tabular format, a single FORMAT string is all that is needed to
describe it. A slightly more complicated vector format might look as follows:

time=102003; data=10011010101102722772727Z,
time=102004; data=100110101000011111111;

In this case the FORMAT string would be:

TABULAR_FORMAT " time=$atime; data=$states;";

When defining FORMAT strings it is always desirable to include as many "hard" characters as
possible. "hard" characters refer to characters which do not contain any time or state
information, but appear in the vector line in a regular position. These characters enable the
VCAP reader to quickly decide if a line is a valid vector or not. In the above example the

"time=", ";" and "data=" would be "hard" characters for VCAP to use in its matching attempts.

Sometimes, however, characters may appear in the vector line that are easier to match by simply
telling VCAP to treat them as though they were blank spaces. The following is an example:

34300 > 22.98.0101101.1.0.0.1.0.0.0

34400 > 11.99.0101100.0.0.0.1.0.0.1
In this case, the "." character is used to separate the pin state information. Rather than try to
group all the pins separately and specify the location of each ".", it is easier to tell VCAP to treat
the character like a space. The necessary commands would then be:

WHITESPACE '.";
BUSFORMAT busl=hex, bus2=hex;
TABULAR_FORMAT " $atime > $states”;

Note that the first two busses needed to have their radixes defined since they were not binary (the
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default). Whitespace characters in the vector file are ignored and can occur anywhere in the
vector line - including between pin or bus states.

Next let's take a tabular format where the vector data spans more than one line. This might occur
if the data is in binary radix and there are a lot of pins (say over 80). An example of this might
be:

vector 1 @100 01101111111110110101001010 +
100Z22727272777001110101;
vector 2 @200 11101000111110110101001010 +
100Z2272272777001110101;

Here, each vector has a vector number as well as a time stamp. One way to specify this format
would be to simply skip over the vector number as shown below:

group 0 bus[25:0];
group 1 p1, p2, p3, cb[7:0], ab[8:0];
TABULAR_FORMAT " $skipto_@ $atime $gstatesO $newline $gstatesl;";

There are several things to note in this example. First of all, since the pin states are not
contiguous (they are broken across two lines), we have chosen to define two groups to specify
the split. The keyword $skipto_ @ is then used to skip over the unwanted information at the
front of each line - in this case we skip over until the @ character. This is a particularly good
way to specify the format string since it gives VCAP a "hard" character as its first match. If no
@ character is found in the line, then VCAP can discard it quickly. Finally the $gstatesO and 1
are used to specify the pin states, with the $newline keyword telling VCAP to get a new line
between the groups of states. Note also that when the $newline keyword appears immediately
after the $gstatesO keyword, VCAP ignores anything that might remain on the current line - in
this case the + character.

An alternate, and perhaps simpler, way to read this vector data would be to include the newline
character as a whitespace, along with the '+' character:

whitespace \n', '+,
TABULAR_FORMAT " $skipto_ @ $atime $states;";

While reading the vector data, VCAP will skip past the '+' character and also go on to the next
line when looking for more state characters during execution of the $states keyword. Without
specifying the '\n' character as a white space, or specifically using the $newline keyword in a
format string, VCAP will attempt its format string matching against only single lines.

The SCRIPT_FORMAT command is used to describe the format of data files which are
fundamentally different than tabular files in that each vector line does not necessarily define new
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state/time information for all pins. The data is instead characterized by discrete statements which
assign new states to pins or busses at defined times. These simulation data formats are more
typically found in simulation stimulus files. The following example shows a script format
stimulus file:

D pina, 1

D pinb, O

S 100

D busa, 00001111
S 100

Here, each "vector" line has one of two formats. In the first format, we Deposit a new state to a
certain pin or bus. In the second format, the Simulation time is told to advance by a certain
amount of time (100). The format strings needed to match this set of stimulus data would then
be:

SCRIPT_FORMAT " D $pins, $states”, " S $dtime" ;

When VCAP is processing a script-formatted data file, it accepts each new vector only when the
time changes. So in the above example, all of the Deposit lines which occur before a Simulate
line will be used to build the next vector. When the Simulate line is read, time will be advanced
by 100 (this is a delta time), and the new vector will be accepted. The $pins keyword tells
VCAP to look for a pin or bus name at this position in the line, which is to be assigned the next
$states data it encounters. This $pins keyword is the key to the difference between tabular and
script formats. In a tabular format, every vector assigns states to all pins at each new time stamp.
These pin states may be in a single contiguous vector, or be split into groups which span several
lines. In a script format, only those pins whose states have changed during a given time interval
will have state data at that point in the file. Thus, the $pins keyword is used to identify the
particular pin whose state has changed.

For some special simulation data formats, the organization of state and time information in the
file is by pin, rather than by time. For Tabular and Script formats, time always increases
monotonically throughout the file. All pin states, or those which have changed for Script
formats, are defined for each time point in the file before time is advanced. The
WAVE_FORMAT command deals with vector formats which are organized predominantly by
pin, rather than by time. These formats are characterized by a pin name (or bus name)
declaration, followed by all time/state data for that pin (bus), and then the next pin (bus) name,
followed by all its time/state data, and so forth. This is illustrated in the following vector file:

wfm pinl @100ns=1 @205ns=0 +
@288ns=1 @355ns=0

wfm dbus @Ons=AA\H @144ns=ZZ\H +
@213ns=2F\H @312ns=3E\H
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One possible set of VCAP format commands to read this vector data would be:

BUSFORMAT dbus = hex;

WHITESPACE '+, '\, 'H"; {ignore these }

WAVE_FORMAT "wfm $pins (@$atime ns=$states)",
" (@%atime ns=$states)" ;

Here we have defined the bus format for dbus as HEX, told VCAP to ignore the +, \ and H
characters, and used the () repeat designator to tell VCAP to look for one-or-more of the strings
enclosed. For a given simulation data format, there are typically a number of ways that one
might define it for VCAP using the various $keywords and other commands. If one approach
does not seem to work, try another. If you get a large number of UNmatched Line messages
when trying to read a file, try using the MAX_UNMATCHED command with the VERBOSE
option to get additional information on why the lines are not being matched with your FORMAT
strings. If the UNmatched Line messages are for lines about which you really do not care
(comment lines for example) then you can simply ignore them as they are ignored by VCAP.

3.3 PROCESSING FLOW DURING VECTOR READ

As VCAP reads each vector line from the Source and Reference files, it can optionally be
instructed to do some processing on the vector data. This processing is usually needed when the
vector data sets are from different simulation environments and this is referred to in this GUIDE
as "data Normalization". Normalizing simulation data, prior to comparing it with another set of
data, may be as simple as translating some state characters so they match. Or, it may involve
more sophisticated normalization of timing between the two files. In any event, VCAP provides

a collection of commands that can be used to specify the necessary processing (normalizing), and
the processing which results from these commands takes place in a specific order. The VCAP
processing commands currently available, which can be used in the SRC_BLOCK or
REF_BLOCK of a VCAP command file, and the order in which they are applied, is summarized
below:

SCALE Time stamps from the Source or Reference file are multiplied by
any SCALE that has been specified.

TIME_OFFSET This time value is added to each time stamp from the vector file
(after any scaling is done).

$STATES The state data is read from the vector file and applied to the pins.

ALIGNMENT If ALIGN _TO_STEP or ALIGN _TO_CYCLE commands are
specified, this processing is done.

BIDIRECT_SPLIT If BIDIRECT_CONTROL or BIDIRECT_STATES is specified,
the affected bidirectional pins are split into separate input and
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STATE_TRANS

output data. Note that this is done prior to any STATE
TRANSLATIONS, hence the states used in
BIDIRECT_CONTROL expressions should use the states as they
exist in the vector file.

Finally, if the STATE_TRANS command specifies any state
character mappings, this is applied to the vector set.

When the above processing is complete (if any is specified), VCAP builds a new intermediate
file named __src.vec or __ref.vec which contains the processed data, prior to the comparison or
analysis phase (see the KEEP_IVF command description).
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4.0 COMPARING SIMULATION DATA FILES

One of the two primary functions of VCAP is to perform "parameterized” comparisons between
two simulation data files. These two files may both be simulation results data files, or one may
be a file containing expected results from some other data source. Comparisons can be
performed on any two data files in, for example, the following combinations:

* Two simulation results files from different runs of the same simulator - e.g. comparing a pre
place-and-route run with a post place-and-route run, or simply comparing two runs after
minor logic modifications.

» Simulation results files from two different simulators - this could be a gate-level simulation
vs. a behavioral simulation, or a normal simulation data file vs. a run from a hardware
simulation accelerator, or any other combination.

* A simulation results data file vs. a data file containing "expected results". VGEN can be very
effectively used with VCAP to define and verify expected output results from a simulation
run.

The commands which tell VCAP what sort of comparison it is to do between the two data files,
and what parameters to apply to the comparison process are contained in the
COMPARE_BLOCK of the command file. Prior to beginning the comparison task, however, the

simulation data to be compared often must first be "normalized".

4.1 NORMALIZING SIMULATION DATA

When comparing two dissimilar simulation data files, it is first necessary to "normalize" the data
to a common format. As discussed in the previous section, this is accomplished with special
commands in the SRC or REF_BLOCK of the VCAP command file. There are several types of
simulation data file differences which can be handled by VCAP.

4.1 .1 FORMAT NORMALIZATION

When comparing simulation results files from two different logic simulators or different data
sources, the most obvious normalization task needing to be done is to eliminate format
differences between the two files. Typically, the file formats will have differences in the location

of time tags and state data, the separators used, the header information in the files, comment
characters, and numerous other things. One may have integer time stamps while the other uses
decimal time stamps. One may use absolute time stamps at the beginning of each vector while
the other uses delta-time stamps at the end of each vector. Bus information in one file may be in
binary format while it is hex in the other. All of these issues, and many others, need to be dealt
with in the normalization process before a comparison can be performed.

VCAP takes care of these format issues as a by-product of the format commands provided in the

SRC and REF_BLOCK of the command file. These commands essentially tell VCAP how to
read the respective data files, and in doing so they normalize any format differences.
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4.1.2 TIMING NORMALIZATION

Simulation results data files fall into two general categories with respect to print formats. The
first of these is referred to as print-on-cycle data and the second as print-on-change data. The
print-on-cycle data format normally includes a single vector per cycle, where the states for each
cycle represent either a single strobe point within the cycle (for example, at the end of each
cycle) or they may be derived directly from a unit time simulation run, with no real timing
information included. Print-on-change data formats, on the other hand are generated by timing
simulators and may contain many vectors per timing cycle. In this format, a new vector is
generated any time that there is a change in state on any of the pins. Another name for this
format is event-driven.

In order to compare a print-on-cycle data file with a print-on-change data file, the print-on-
change data may need to first be collapsed down to its cycle-based state equivalent. This can be
accomplished in VCAP with either the ALIGN_TO_STEP or the ALIGN_TO _CYCLE
command. With these commands, the user can tell VCAP where to look at each pin in the cycle
to determine its state for the cycle. These collapsed state values can then be compared against
the other cycle-based data. An alternative to this might be to use the COMPARE_WINDOW
command to define where within the cycle comparisons are to be performed.

4.1.3 STATE NORMALIZATION

Although most logic simulators use the characters '1', '0', 'Z' and 'X' to represent common states,
there are also other state characters to differentiate drive strength and to distinguish input from
output states which differ from one simulator to another. Before a comparison of the state data
from two different simulators can be performed, these differences in state character
representation must be normalized to a common set. VCAP allows the user to perform this
normalization on state characters with the STATE_TRANS command. Using this command,
specific single character or two character states can be mapped from those used in one data file to
those used in the other, or from both to a common set. When considering the state characters
used in the Source and Reference files, it is important to have a clear understanding of the "don’t
care" state characters and how they affect VCAP’s behavior. In most simulation vector data
files, one or more characters are used to indicate a "don’t care" state. VCAP is told which state
characters are "don’t care" with the DONT_CARE statement in the COMPARE_BLOCK and
when doing state comparisons between a Source and Reference file, if the Reference state is a
DONT_CARE state, the comparison is always TRUE (i.e. the states match). Note that different
"don’t care" states can be defined for inputs and outputs. On output pins, you need to be sure
that an "Undefined" state character is not the same as the "don’t care" state characters, since you
want VCAP to detect this "undefined" state and verify its consistency between the two files. The
strategy used with the STATE_TRANS and DONT_CARE commands needs to keep this
distinction in mind.

4.2 COMPARISON ALGORITHMS
Having successfully read and normalized two simulation results data files, VCAP can next

proceed with the actual comparison process. VCAP actually offers the user a choice from four
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different comparison algorithms which can be employed in this task. In order to understand the
relative differences of these algorithms, it is first necessary to differentiate between the two files
being compared. The first three algorithms use the Reference Vector file to drive all
comparisons between the two files. The VCAP command COMPARE_TYPE establishes the
comparison algorithm to be used. These different comparison algorithms essentially apply
different levels of rigor to the task, thereby allowing users to more flexibly deal with varying
sources of simulation time/state information. The four algorithms are discussed below in order
of increasing comparison rigor.

4.2.1 COMPARE_TYPE TRANS, STATE ;
This comparison algorithm is driven by state transitions in the Reference Vector file as follows:

For every selected pin state transition in the Reference Vector file, the new pin state is

verified against the pin state from the Source Vector file for the same time point.
Using this comparison algorithm, a comparison of pin states is made only when a state transition
occurs on the pin in the Reference Vector file. This type of comparison can be useful when
comparing simulation results data with expected results data. When creating a Reference Vector
file with expected state data, it is often difficult to maintain accurate pin state predictions for all
pins at all times. With this algorithm, new state information can be placed in the file for known
pins while those which are not known can be simply left unchanged, and no state check will be
made on these. This algorithm is the least rigorous for comparing data.

4.2.2 COMPARE_TYPE TRANS, TRANS;

This algorithm is similar to the TRANS, STATE described above, but goes a bit further as
described below:

For every selected pin state transition in the Reference Vector file, the Source Vector file

is checkéd to see that the same pin made an identical transition at the same time.
Here we are again triggering pin state comparisons on transitions in the Reference file, but rather
than just checking to see that the same pin in the Source file is in the same state at this time, we
are also verifying that it made a transition at this time.

4.2.3 COMPARE_TYPE STATE, STATE;

The algorithm invoked by these command parameters for comparing two simulation data files is
as follows:

For every vector time point in the Reference Vector file, compare the state of all selected

pins in the Reference file with pin states of the Source Vector file at the same time point.
For a typical Reference Vector file in tabular format, this means that for every vector in the
Reference data file VCAP will find the corresponding time point in the Source Vector file and
compare the states for all specified pins. Note that this algorithm verifies that for all time-points
in the Reference file the state data matches that in the Source file at the same time point, but not
necessarily vice-versa.
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4.2.4 COMPARE_TYPE BIDIRECTIONAL ;

The final, and most rigorous, of the comparison algorithms differs from the other three in that
comparisons are not driven solely from the Reference Vector file. It treats both files
symmetrically as described below:

For every time/state data point in either the Reference or the Source files, the other file is
checked for an identical time/state data point. This essentially amounts to doing an
exclusive-OR of the time/state information in the two files.
This algorithm is a complete symmetric comparison of two simulation data files. It verifies that
two data files are identical, within the compare parameters specified. An optional parameter for
this COMPARE type is -REPORT_DELTA_DELAYS, which keeps track of delta delays on
output pins between the two files and generates a report of the maximum differences found.

4.3 COMPARISON PARAMETERS

When doing comparisons between two simulation data files, there are several comparison
parameters that VCAP allows the user to specify. The first of these parameters is the comparison
algorithm to be used, as discussed above. In addition to this, the user can specify additional
comparison parameters with the following commands.

4.3.1 ALIAS

This command provides a mechanism for renaming a pin name or bus name in the Reference file.
This is useful when comparing two simulation data files in which the same pins have different
names. This might occur when comparing simulations from the same circuit in two different
CAE environments with different bus or hierarchical naming conventions. This would only
occur when using one of the canned readers. There are two forms of this command and the
syntax Is:

ALIAS ref name = new_ref _name,;
or
ALIAS "ref_string" = "replacement_string";

In the first form, ref_name and new_ref_name can be a pin or bus name. In the second form, the
"ref_string" is globally replaced (in all pin names) with the "replacement_string". Either of these
strings can be empty. The ALIAS command must be followed by the CHECK_PINS command
in order for the name change to be effective. Some examples are:

alias pin[0] = pin_0;
alias "/top/module/" ="";

alias databus = databus15 O;
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4.3.2 CHECK_PINS

When VCAP is told to compare two simulation data files, the pins on which comparisons are
made defaults to all pins that are common between the two files. This command enables the user
to alter that default to almost any subset of these pins desired. A common requirement is to
simply compare the output pins common to both the Reference and Source vector files. This is
easily specified as:

CHECK_PINS outputs ;

For other applications where only specific pins are to be checked, and the others ignored, the
command can be used as follows:

CHECK_PINS pinlist ;

where pinlist can be the list of pins to be checked. When the CHECK_PINS command is used,
any pin not specifically identified in the command is ignored. Note that when listing
bidirectional pins for checking, the .O version of the pin must be specified explicitly if the output
data is to be checked.

4.3.3 COMPARE_WINDOW

This new command is intended to be used with Bidirectional Comparisons (COMPARE_TYPE
bidirectional;) for a simple way to window-in on where within each cycle to do comparisons of
states between two files. This can be somewhat simpler than having to do different ALIGNment
processes while reading in the data from source and reference files. It also has the added
advantage that it will do the verification for the entire window time(s) instead of just at a single
strobe point. The primary criteria for using this feature, however, is that the two data files have
identical cycle times throughout the files. The syntax is:

COMPARE_WINDOW [INPUTS | OUTPUTSpiinlist | ] @ t1 - t2 [t3 - t4] ;
or
COMPARE_WINDOW [INPUTS | OUTPUTSpiinlist | *] @ CONDITIONexpr=state;

In the first form, the comparison of states for the specified signals is only performed between the
times specified - between t1 and t2, and between t3 and t4 if specified. Note that these are time
windows relative to the cycle boundaries so a CYCLE time must be specified also. If no
pinlist (or INPUT/OUTPUT/*) is listed, then the COMPARE_WINDOW applies to all pins by
default.

In the second form of the commarekpr is a logic expression containing pin names, logical
operators ( &, |, ~ ) and parenthesestateis a logic state character. The compare window is
defined whenever thexpr evaluates to being equal state The pins specified ipinlist are
compared only during this time. The logic states for the pins iexpeare taken dynamically
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from the Reference File vector data at each time point. For example:

COMPARE_WINDOW outputs @ CONDITION DBout_enb = 1;

would define the compare window for all output pins to be when DBout_enb is in a '1' state.

Using the this command, a typical vcap command file which compares the simulation results of
two print-on-change Mentor LSIM runs, might look like:

SRC_BLOCK
begin
source_file = "designl.lsima";
tabular_format LSIM,;
end;
REF_BLOCK
begin
reference_file = "designl.lsim";
tabular_format LSIM,;
end;
COMAPRE_BLOCK
begin
cycle = 225;
compare_type bidirectional -REPORT_DELTA_DELAYS;
compare_window outputs @ 185 - 220;
report_file = "designl.rpt";
end;

Here, all pins common to both simulation data bases will be compared. All output pins will be
compared only during the window between 185 and 220 ns in each cycle.

4.3.4 DONT_CARE

When performing state comparisons between pins in two data files at a particular time point,
VCAP first looks to see if the Reference pin state is a "don't care" state. If it is a "don't care"”
state, then the comparison is always valid - i.e. the pins compare regardless of the state on the
Source pin. The "don't care" states in VCAP for both input and output pins defaults to the state
character '?', but can be changed to any desired set of characters with this command. It has the
form:

DONT_CARE [-INPUTS | -OUTPUTS] 'state_list';
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Where the state_list is a list of characters (up to 30 of them) which are to be treated as don't care
states - e.g. DONT_CARE 'XUW'; . If the optional -INPUTS or -OUTPUTS flags are not
specified, then the dont_care states apply to both. DONT_CARE states are case sensitive.

4.3.5 MASK

It is often desirable, when comparing two simulation results data files, to have certain regions in
the data files be ignored or "masked". For example, if the data files are from two different
simulators, the initialization of pins at the start of the vectors may not be identical. Another
common example would occur when comparing the simulation results from a circuit where a
logic change was made to alter the behavior of only certain pins at a known time, with the
simulation results before the change. In this case, one would like to mask only those pins for the
specific times they are expected to differ, but verify that nothing else has changed as a result of
the logic change. A third scenario might be the need to check a pin’s logic state only when
specific other pins are in certain states, and mask it otherwise.

To deal with these, and other cases where masking specific pins from comparison for specific
time zones or under certain logic state conditions is needed, VCAP provides the MASK
command. The command has two forms :

MASK pinlist @ t1 - t2, [t3 - t4] ;
or
MASK pinlist @ CONDITION logic_expr= state;

In both formspinlist can be a single pin, list of pins or one of the keywords OUTPUTS, INPUTS
or * (meaning all pins). In the first form the time range, or optionally two ranges, following the
@ symbol specifies a time zone in which the specified pins are to be ignored (masked) for
comparisons. A typical example of its use would be:

MASK outputs @ 0 - 2500 ;

Here, all output pins are masked from comparisons or analysis for the first 2500 time units of the
simulation data. In the second form of the comméogic_expris a logic expression containing

pin names, logical operators ( &, |, ~ ) and parenthesstate is a logic state character.
Whenever thdogic_expr evaluates to being equal state the pins specified impinlist are
masked (inhibited) from being compared. The logic states for the pins Ingiceexprare

taken dynamically from the Reference File vector data at each time point. An example would be:

MASK dbus[17:5] @ CONDITION busenb & (cyc2 | cycl) = 1;
Here the dbus pins 17-5 are masked (not compared) whenever busenb is a logic 1 while either
cyc2 or cycl is also a logic 1 in the Reference File. This form of the MASK command allows
you to inhibit the checking of pins during certain parts of a cycle, or during certain cycles as
determined by the states of other pins. Multiple MASK commands can be used, but a given pin
can only have its masking determined by one command.
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4.3.6 MAX_MISCOMPARES

When VCAP is comparing two simulation data files, it logs and reports any miscompares of

state/time data it finds. If there are many miscompares in large files, the amount of data in the
report file can become very large. This command tells VCAP to stop doing comparisons when a
specified number of them have been detected. This number defaults to 100 if not explicitly
specified.

4.3.7 MISCOMPARE_DISPLAY
When VCAP is performing comparisons between Source and Reference data files, it reports any
miscompares it finds in one of two formats. The first of these formats (the default format) lists

each pin miscompare separately. An example of this format is given below:

MISCOMPARE# PIN NAME REF TIME REF STATE SRC STATE

1 pina 1051 0 1
2 pinb 1093 1 0
3 pinc 1093 1 0

For each individual pin miscompare, there is a separate entry in the table showing the pin name,
time where the miscompare occurred, and the states of the pin from both files. Note that if the
vector at a particular time point has 99 pins which miscompare, there will be 99 entries in this

report table.

The second format for reporting pin state miscompares between the Source and Reference files is
invoked with the following command:
MISCOMPARE_DISPLAY =BY_VECTOR;

This causes the report to be organized in a vector format, as illustrated below, with a miscompare
entry for every vector containing one or more pins which fail to compare. A ' character
highlights each miscompare pin column.

VECTOR MISCOMPARE SUMMARY

TIME PPPP PPC
e
NNNN NNK
ABCD EF

1051 REF: 0111 000

SRC: 1111 000
N

1093 REF: 1111 001
SRC: 1001 001

NN\
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The pins listed in each vector are those which were defined with the CHECK_PINS list (defaults
to all pins). Spaces between pin columns can be controlled by placing double commas ",," in
front of pin names for which you would like a space when defining them with the INPUTS,
OUTPUTS or BIDIRECTS commands in the REF_BLOCK of the command file, or in the
CHECK_PINS command if used in the COMPARE_BLOCK.

An optional -VERBOSE flag can also be specified with this command. Normally, when VCAP
finds a pin miscompare between the Source and Reference files, it places the vectors (along with
the time stamp) where the miscompare first occurs in the Report File. If successive vectors
continue to have the same pins miscompare, they are not reported for each vector. If the pins
later begin matching, but then miscompare again, the vector and time stamp is again placed in
the Report File indicating where the miscompare begins. In other words, the miscompare entries
in the Report File report the beginning of each miscompare of any pin, not every time point at
which it miscompares. This is done primarily to keep the Report File size from growing too
large.

The optional -VERBOSE flag can be specified as follows:

MISCOMPARE_DISPLAY = BY_VECTOR, -VERBOSE;

This causes VCAP to place a miscompare entry in the Report File for every time point (from
each vector file) at which pins miscompare, not just at the time when they begin miscomparing.

4.3.8 REPORT_FILE
This command is used to tell VCAP the name of the file to which it should write its report on
comparison or analysis results. If no report file is specified, then VCAP uses the file name

"vcap.rpt" . The command has the form:

REPORT_FILE "val_vs_dai.cmp";

4.3.9 RESOLUTION

When listing times in the Report File, the resolution of these times is determined by this
command. The syntax is:

RESOLUTION n;

Where n can be 1.0 (no decimal digits), 0.1 (one digit to right of decimal point), 0.01 (two
decimal digits) or 0.001 (three decimal digits) . If no RESOLUTION is specified, it defaults to
1.0.
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4.3.10 SKEW_TOLERANCE

When checking that the state of a pin in both the Reference Vector file and the Source Vector file
are the same at a particular time point, VCAP allows the user to specify a timing tolerance for the
comparison. This means that pins in the two files do not need to make state transitions at exactly
the same time in order for them to still be considered as matching. This command can be used to
specify an allowable time difference at which pins assume their new states in different files,
where they will still be considered as matching. It has the form:

SKEW_TOLERANCE pinlist = t1[%] , [t2[%]] ;

where the times t1 and t2 can be either absolute time units, or percentages relative to the start of
the cycle. tl is for rise time skew and t2 is optionally for fall time skew; if no fall skew is
specified then it is equivalent to the rise skew. Some examples of the usage of this command
would be:

SKEW_TOLERANCE outl, out2, out3, dbus.o = 3 ;
SKEY_TOLERANCE outputs = 15% ;

In the first example, VCAP is being told that identical pin state transitions for the pins listed can
occur in the two files being compared with as much as a 3 nS difference in time, and still be
considered as identical. In the second case, all outputs are allowed a 15% timing difference
between the two files. This feature is very useful when comparing simulation runs before layout
with ones after layout; only small changes in timing are anticipated. Note that multiple
SKEW_TOLERANCE commands can be used to set different tolerances for different pins.

4.4 FILE COMPARISON EXAMPLES

The following examples show some typical VCAP command files for reading and comparing
various simulation results data files.

EXAMPLE 1

SRC_BLOCK
BEGIN

SOURCE_FILE "siml.vec";
REFERENCE_FILE "refl.vec";
TABULAR_FORMAT valid ;
END;

COMPARE_BLOCK
BEGIN

CHECK_PINS *;
COMAPRE_TYPE bidirectional;
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MASK * @ 0 - 1200 ;
CYCLE 500;
COMPARE_WINDOW outputs @ 450 - 490;
MAX_MISMATCHES 200;
REPORT_FILE "sim1.chk";
END;
END

In this example, we are comparing two simulation results files from the RapidSim simulator
which are both in Tabular Format. Here we are doing a comparison between two files of
identical format and we are asking VCAP to check all pins. Note also that because the formats
are identical, we don't need an REF_BLOCK in the command file. The comparison process will
ignore data for all pins until time 1200 is reached and then it will check that all input pins in the
Source vector file match the state of those of the Reference file at the same time points. For
output pins, it will only perform comparisons during the window from 450 to 490 of each 500 ns
cycle. If more than 200 pin state mismatches are found, the comparison process will terminate.
A mismatch report will be placed in the file named sim1.chk.

EXAMPLE 2

src_block
begin
source_file "mentorl.vec”;
inputs cbus[31:0], mbus[31:0], cntrl1, pinenb;
outputs reslt[15:0], probe[4:1], sw, lw;
bidirects dbus[15:0];
busformat hex;
bidirect_control dbus=output when pinenb = 0;
state _trans 'XZ'->'Z', 'XI'->'X", 'XR'->'X’, '0R'->'0", '1R'->'1",
tabular_format " $atime $states ";
end;
ref_block
begin
reference_file "ref.vec";
tabular_format ivf;
end;
compare_block
begin
report_file "check_1.chip™;
compare_type trans, state;
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check_pins outputs;
end;
end;

In this example, we are comparing a simulation output list file from Mentor's Quicksim simulator
with a file containing expected results data which was generated from a VGEN source file along
with the stimulus vectors for the simulation. Since Quicksim uses two-character states in the list
file, these must be mapped to single character states with the STATE_TRANS command.
Vectors in the Source file would have the form:

10234.0 110F757A FFFFFFFFR 1 0 XXXXZ F X1 0 9BB9

The Reference file is in IVF format, which can be directly read by VCAP. Furthermore, we are
telling VCAP to compare only the output pin data whenever there is a transition in the Reference
data file. Note also that the output data of dbus is being separated from input data with the
BIDIRECT_CONTROL command.

EXAMPLE 3
SRC_BLOCK

BEGIN

INPUTS ulsnk, eramce0l, erama[16], erama[15], erama[14], erama[13],
erama[l2], erama[11], erama[10], erama[9], erama[8], erama[7], erama[6],
eramal5],eramal4], eramal3], erama[2], erama[1], erama][0],

eramdp(3], eramdp[2], eramdp[1], eramdp[0], eramap, cspok,

eramcell, /ul00/fifo_prty 2, /ul00/fifo_prty 1, ulclk, uldat,
/ul00/fifodata_15, /ul00/fifodata_14, /ul0O0/fifodata_13,

/ul00/fifodata_12, /ul00/fifodata_11, /ulOO0/fifodata_10,

/ul00/fifodata_9, /ul00/fifodata_8, /ul00/fifodata_7,

/ul00/fifodata_6, /ul00/fifodata_5, /ul00/fifodata_4, /ul00/fifodata 3,
/ulO0/fifodata_2, /ul00/fifodata_1, /ul00/fifodata_ 0, frame_synco, nbreqll,
nbdwe?2l, eramrel, /ul00/fifo_we_3, /ul00/fifo_we_2, /ul00/fifo_we 1,
/ul00/fifo_we_0,stall, nreadyl, dawe_intl, status_intl, da_intl, eramwel, strobel,
po, nbdms[3], nbdms[2], nbdms[1], nbdms[0];

OUTPUTS nbap1, nbda[19], nbda[18], nbda[17], nbda[16], nbda[15],
nbda[14], nbda[13], nbda[12], nbda[11], nbda[10], nbda[9],

nbda[8], nbda[7], nbda[6], nbda[5], nbda[4], nbda[3], nbda[2],

nbda[1], nbda[0], nbdrell, nbdwell, nbdap[4], nbdap[3], nbdap|[2],
nbdap[1], r_wl, to;
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BEGIN_LINE = 22;
MAX_UNMATCHED = 50, verbose,;
BUSFORMAT bin;

TABULAR_FORMAT " $atime : $states”;

cycle 50;
align_to_step 50 O;
source_file = "src8";
END

REF_BLOCK

BEGIN

reference_file = "ref8";
TABULAR_FORMAT mentor_log;
STATE_TRANS

0 -0 1>
‘0 ->'Z 1" ->"'Z ‘U’
L->'Z 'H ->'Z !

<> X S>> X '@

STATE_TRANS outputs 'X’->’M’;
CYCLE 50;

ALIGN_TO_STEP 50 0;

END

COMPARE_BLOCK

END

BEGIN

check_pins OUTPUTS;
dont_care "M";
compare_type = state, state;

> IZI

-> IZI
1 > IXI;

{ comparison algorithm }

MASK nbdap[4:1] @ CONDITION ulsnk & ~cspok = 1;

report_file = "rpt8";
END

This command file begins by reading a tabular vector file (the Source file) starting from line 22
in the file. The format of these vectors is a time stamp followed by a colon ", followed by the
states in binary format. This data is collapsed to a cycle of 50 NS by strobing all pin states at the
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start of each 50 NS cycle. The Reference file is a Mentor Log file, for which the VCAP
mentor_log canned reader is used. States are mapped from the Mentor Log file to be consistent
with those in the Source vector data. However, the "X’ state character on outputs in the
Reference file is mapped to 'M’, which is later declared as the DONT_CARE state. This will
result in pin state comparisons being ignored if the Reference file output data is an "X’, but any
"X’ states on outputs in the Source data, without a corresponding one in the Reference data, will
be flagged with a miscompare. As with the Source data, the Reference data is collapsed to a 50
NS cycle by strobing all pins at the start of each 50 NS cycle.

In the COMPARE_BLOCK, VCAP is told to use a "state, state" comparison algorithm and to
check only output pins which are contained in both files.. The bus nbdap is masked
(comparisons ignored) whenever pin 'ulsnk’ is a logic 1 and 'cspok’ is a logic 0 in the Reference
file.

45 FILE COMPARE STATUS

Upon completion of a comparison between two simulation data files, VCAP produces a status
file (in addition to the Report File) which contains termination codes which describe under what
conditions the program terminated. The status file is named:

.vcap.sts { for UNIX}
__vcap.sts { for DOS/Windows }

The contents of the file are simply two positive integer numbers, separated by a space. The first
digit, which is the first character of the file, is the primary termination code. Its possible values
and meanings are:

0 { Successful program termination; comparison or analysis}

1 { Error Termination }

The second digit in the file is the secondary termination code. The first four of the possible code
values applies to Vector Comparisons, while the last five possible values to Error Termination
during the reading or processing of vector data:

{ No Miscompares - Termination times same in both files }

{ No Miscompares - Termination times different in files }

{ Miscompares found - Termination times same in both files }
{ Miscompares found - Termination times different in files }

{ Error in processing VCAP command file }

{ Error during reading of SRC or REF file }

{ Error during memory allocation }

{ Error in program invocation }

{ Unable to open VTRAN command file }

o NO O WDN P O
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For the first codes above, VCAP determines that the ending time in the Reference and Source
files are different only if they differ by more than one cycle time. For Comparisons, a successful
program termination code (0) is always followed by a secondary code of 0, 1, 2 or 3. An
example might be:

01
Likewise, an Error Termination primary code (1) is always followed by a secondary code of 4, 5,
6, 7 or 8. An example might be:

17

The intention of this status file is to be used by script files, running regression tests on simulation
vectors, to identify the relative success or failure of successive comparisons. The regression
script can automatically make decisions for appropriate action based upon these codes.

VCAP USER’S GUIDE Page 41



5.0 ANALYZING SIMULATION RESULTS DATA

In addition to performing parameterized comparisons between simulation results data files,
VCAP provides a powerful simulation results analysis capability. This analysis may include the
following information:

* Output pin rise/fall minimum and maximum delays.

» Output pin transition statistics including simultaneous transitions.
» Verification of output pin delays against spec. limits.

* Output pin strobe assignments.

» Characterization of input pin behavior and timing

* Reporting of glitches or illegal states.

» Verify the stability of output pins during specified window.

The analysis features of VCAP serve two basic needs in the design/development flow for digital
circuits. The first is to verify the logic states and propagation delays for critical output pins.
VCAP not only summarizes all output pin delays in the file, but will flag those which exceed
specified limits. It will check for glitches, check for illegal states and verify the stability of
outputs during specified times. The second is to perform a "tester compatibility” check early in
the design cycle, so the vectors being used for design and debugging can be checked for
compatibility with a target tester before the design data base is moved to Test Engineering. If the
Source vectors are in a print-on-change (event-driven) format, VCAP will extract the timing and
behavior information on input pins. This information is organized in a manner compatible with
the stimulus for cycle-based simulators and testers.

5.1 ANALYSIS_BLOCK COMMANDS

The analysis features of VCAP are invoked in the ANALYSIS BLOCK of its command file.
This analysis is always performed on the Source Vector file, which is initially read under
direction of the SRC_BLOCK commands. The following commands can be used in the
ANALYSIS_BLOCK to guide the simulation results analysis activity. See Appendix A for a
complete syntax definition.

5.1.1 CHECK_PINS
This command is used to identify the particular pins within the Source Vector file on which the
analysis is to be performed. If this command is not present, then all pins in the file are analyzed.

If the command is used, then any pin not explicitly listed is ignored. The syntax is identical to
that described in Section 4.3.2, when it is used in the COMPARE_BLOCK.

Page 42 VCAP USER’S GUIDE



5.1.2 CHECK_MAX_DELAYS

When VCAP has finished monitoring output pin propagation delays, it will report these as
minimum and maximum rise and fall times in the report file. In addition, VCAP can be told to
check these results against specified maximums and flag any violations in the report file. This
command is used to specify any maximum delays to be checked. An example of its usage is:

CHECK_MAX_DELAYS pinl, pin2 @ 47, 55;

The first time parameter is the maximum rise time delay while the second is the fall delay limit.
If no fall delay limit is specified then it defaults to the rise delay limit.

5.1.3 CYCLE

In order for VCAP to perform timing analysis on a Source Vector file, it must know where the
cycle boundaries are. This command specifies the value of the cycle time which must remain
constant throughout the vector file unless the CYCLE_BOUNDARY command is used to define
the cycle intervals. The default value for CYCLE is 100 NS.

5.1.4 CYCLE_BOUNDARY

When doing analysis of simulation data files with dynamic timing, this command specifies that
VCAP should try to determine the cycle time using a pin transition for the cycle boundaries. The
syntax is:

CYCLE_BOUNDARY [WHEN]pin a->b;

Where 'pin" is the name of a pin (usually a clock pin) and the stte®db are the from/to state
transition characters which are to be used to define the cycle boundary. In order to use this
feature, it is necessary to have a pin which makes the specified transition every cycle. VCAP
will dynamically change the CYCLE time depending upon the time between these transitions.

5.1.5 DEFINE_STROBES

While analyzing output pin delay times in the Source Vector file, VCAP attempts to assign
strobe resources to the various output pins. If no strobe information is provided, VCAP simply
lumps all outputs under a single strobe. With this command, however, the user can specify
several strobe parameters which are then used by VCAP to do assignments and checking. The
command has the form:

DEFINE_STROBES [STROBES=n], [WIDTH=w], [MARGIN=(],
[OFF_TIME=s];

In most cases, these parameters will be set to match the strobe resources available in the target
tester. The first parameter specifies the number of strobes to be used; VCAP will divide-up the
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output pins to optimize the use of these strobes for timing accuracy. The second parameter
specifies the width of the strobes. The third specifies the amount of time to allow after the latest
delay for a given strobe group, before the strobe time. The final parameter lists the off time for

all strobes before the end of the cycle. If not specified, the parameters default to:

n=1,w=1,9g=0,s=0

An example of the use of this command would be:

DEFINE_STROBES strobes=4, width=10, margin=2, off_time=5;

VCAP will verify that the sum of the width, margin, off_time and latest output pin transition do
not exceed the cycle time of the vectors.

5.1.6 DELAY_TRIGGER

When computing output propagation delays, VCAP can be told to perform the delay
measurements from one of two possible time points within each cycle. The first, which is the
default, is to measure propagation delay from the beginning of the cycle. This command
provides a mechanism for directing VCAP to measure propagation delays from an alternate
reference point. In this case, the reference point can be specified as a transition on another pin.
The command has the form:

DELAY_TRIGGERpinlist @pin 's';

wherepinlist is a pin or list of pins for which the trigger is being defirgd, is a single pin in
the vector file ands' is a single-character state. The pins in the pinlist will have their delays
measured from the time when pin makes a transition to'statn example of its usage is:

DELAY_TRIGGER ctrl, dbus.o @ pclk '1';

The prop delays of ctrl and dbus.o (the output version of dbus) are to be measured with respect to
the time when pclk makes a transition to a '1' state. If the state character *' is used, then a
transition to either a 1 or a 0 on the trigger pin will initiate a delay measurement. If there are
delay paths from more than one pin to an output, it may be necessary to run the Analysis
multiple times, with the DELAY_TRIGGER changed to select the desired path for each run. For
all timing delay measurements, VCAP makes the assumption that all output pins stabilize before
the end of the cycle.

5.1.7 GLITCH_CHECK

This ANALYSIS command instructs VCAP to check for glitches in the Source vector file. The
syntax is:
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GLITCH_CHECK [IGNORE_STATES =".."]
[, MAX_WIDTH - width|
[, PIN_LIST =pinlist] ;

Where " . . " is a quoted list of characters which are to be ignored when checking for glitches -
this list defaults to empty.width is a number which specifies what constitutes a glitch - any
pulse which is narrower thamidth is considered a glitch. The defawidth is 1 NS. pinlistis a

list of pins to which this check is to be applied, or the keyword OUTPUTS, or the keyword
INPUTS. The default is that all pins in the CHECK_PINS declaration are checked for glitches.

5.1.8 ILLEGAL_STATE_CHECK/LEGAL_STATE_CHECK

These ANALYSIS commands instruct VCAP to check for the presence of illegal states in the
Source vector file. The syntax for these commands is:

ILLEGAL_STATE_CHECK STATES = $tate_list
[, MIN_WIDTH = width]
[, PIN_LIST =pinlist] ;
LEGAL_STATES_CHECK STATES =state_list
[, MIN_WIDTH = width]
[, PIN_LIST =pinlist] ;

Wherestate_listis a quoted list of state characters. The only difference in these two commands is
that for ILLEGAL_STATE_CHECK, VCAP reports whenever it finds any of these states in the
Source file, while for LEGAL_STATE_CHECK it reports whenever it finds a state character
which is natin the list. width is a number which specifies the minimum length of time a state
must persist before it is considered stable and its legality is checked. The wdeftui$s 1 NS.

pinlist is a list of pins to which this check is to be applied, or the keyword OUTPUTS, or the
keyword INPUTS. The default is that all pins in the CHECK_PINS declaration are checked for
illegal states.

5.1.9 MASK

If not told otherwise, VCAP will perform the analysis on pins in the Source Vector file for the
entire simulation time. Cases may arise, however, where it is desirable to have VCAP ignore
certain time regions in the file. The MASK command provides a way of telling VCAP to skip
specified time zones in the simulation file when analyzing specified pins. Up to two mask time
zones can be specified for each individual pin. An example of the use of this command is:

MASK pin1, pin2, pin3 @ 0-1200, 879000-%;

Here we are telling VCAP to ignore the state data for three pins between time 0 and 1200, and
between time 879000 and the end of the simulation file. The second time zone is optional. The
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CONDITION option for the MASK command (Section 4.3.4) is not available when in
ANALYSIS mode.

5.1.10 REPORT_FILE

This command is used to specify the name of the file to which the Analysis Report will be
written. If no REPORT_FILE command is given then the default file name is "vcap.rpt” . An
example of the use of the command is:

REPORT_FILE "cktl.report”;

5.1.11 RESOLUTION

When listing times in the Report File, the resolution of these times is determined by this
command. The syntax is:

RESOLUTION n;

Where n can be 1.0 (no decimal digits), 0.1 (one digit to right of decimal point), 0.01 (two
decimal digits) or 0.001 (three decimal digits) . If no RESOLUTION is specified, it defaults to
1.0.

5.1.12 SIMUL_TRANS

One of the areas that has historically caused problems in testing integrated circuits has been
dealing with large numbers of simultaneous output pin transition in test vector sequences. When
large numbers of output pins make identical state transitions at the same time, there can be
electrical repercussions in the form of ground bounce and power supply glitches which can
disturb the state of internal storage elements. From the tester side, these problems usually arise
from a limited ability to provide adequate power/ground bussing and bypassing at the device
pins, particularly when dealing with very fast switching logic.

The opposite situation may also arise where the tester's ability to provide instantaneous current
sinking and sourcing at the power pins is not an issue, but rather the device's own internal
bussing to handle these. In this case we want to make sure that the maximum number of pins
make simultaneous transitions during the test vector sequence which might occur in a real system
environment. VCAP can monitor and report the number of pins making simultaneous transitions
as well as the simulation time they occurred.

The SIMUL_TRANS command tells VCAP to monitor the simultaneous switching of output
pins, report these results and optionally flag the user when specified limits are exceeded. The
command has the form:

SIMUL_TRANS WINDOW=2, MAX_0_TRANS=32,
MAX_1 TRANS=48;
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With this command, we are telling to use a window of 2 time units when monitoring
simultaneous pin transitions. This means that if pin transitions are within 2 time units of each
other, then they are considered to be simultaneous for the purposes of this monitoring. The
ability to specify a window for this monitoring is important since the accuracy of the simulation
data vs. real device performance is never exact. Two pins which make a transition 2 nS apart in
a worst-case simulation run may make the same transitions .2 nS apart in a typical device -
which is essentially simultaneous from the standpoint of the electrical problems they may
contribute to creating. The other two parameters specified in the command, tell VCAP to notify
us in the Report file if there are ever more than 32 simultaneous pin transitions to a logic O state,
or if there are more than 48 to a logic 1 state.

5.1.13 STABILITY_CHECK

This command is used to check for output pin stability within one or two windows in each cycle,
or during any time in which a specified logic expression is true. The syntax is:

STABILITY_CHECK [OUTPUTS [pinlisf] @ t1 - t2 [t3 - t4] ;
or
STABILITY_CHECK [OUTPUTS pinlisf] @ CONDITION expr = state;

Any number of these stability checking statements can be used in the analysis block, but only
one check can be specified for any single pin. In the first form, any transitions on the specified
pins are reported which occur during the window between t1 and t2 of each cycle, and between
t3 and t4 (if specified) of each cycle. All of the times t1 thru t4 must be within the cycle time,
and the CYCLE must be defined. Some examples are:

STABILITY_CHECK outputs @ 85 - 100;
STABILITY_CHECK dbus.O, adr, planetH @ 40 - 50, 90 - 100;

In the second form, any state transitions on the specified pins are reported if they occur when the
logic expressionéxpr = staté is TRUE. Some examples are:

STABILITY_CHECK dbus @ CONDITION dbenb =1 ;
STABILITY_CHECK adr_out[15:8], db_out @ CONDITION (out_enb & ~CLK) = 1;

For both forms, the report of detected transitions is limited to the first 1000 in the report file.
5.2 IDENTIFYING INPUT PIN BEHAVIOR
An important feature of VCAP's analysis is the characterization of input pin timing and behavior.

This characterization produces a summary in the Report file which can be used to check whether
the target tester has resources adequate to emulate this behavior. This can be valuable feedback

VCAP USER’S GUIDE Page 47



to get early in the design cycle, before the design is handed-off to test engineering. VCAP is
capable of identifying the following pin behaviors in a simulation results data file:

NRZ non-return-to-zero

RZ, RO return-to-zero, return-to-one
SBC surround-by-compliment

RX return-to-X where x is non 1/0
Rz2X return-to-zero double clock
RO2X return-to-one double clock

The following diagram illustrates these pin behaviors (PINTYPES):

Pin States: 100 200 300 400

pin 0 1 0
PINTYPE behavior:
PINTYPE nrz

pin

PINTYPE rz
pin

PINTYPE ro
pin L

PINTYPE sbc
pin [ | I L

PINTYPE rx Z

pin % =
PINTYPE rz2x
pin [ [

PINTYPE ro2x
pinI I L L LI L

1

In the Report file, VCAP lists each input pin as either one of these PINTYPES, or as type UNK
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if it is unable to figure out the behavior. It also lists the timing associated with each PINTYPE
edge transition. NRZ behavior has only a single time parameter (t1); RO, RZ, RX and SBC all
have 2 time parameters (t1 & t2); and RZ2X and RO2X have four time parameters associated
with them (t1-t4).

5.2.1 DYNAMIC TIMING ANALYSIS

The standard simulation data analysis performed by VCAP on all input pins is to characterize the
activity of the pins into one of the standard behavior formats (NRZ, RZ, RO, etc.). This default
analysis will only handle static timing - i.e. it can only resolve a single timing behavior for a
given pin. If a pin's behavior changes within a simulation file, this is noted and then further
behavior analysis is terminated. The DYNAMIC_TIMING feature in vcap enhances this input
pin timing behavior analysis to handle dynamically changing timing behavior. The syntax for
teling VCAP to perform dynamic timing behavior analysis on input pins is thru the
DYNAMIC_TIMING command:

DYNAMIC_TIMING "fnamel" [, "fname2"] [[VERBOSE] ([-FORMAT format));

Where "fnamel” is the name of the file to which the results of the dynamic timing analysis is
written - this must be different than the report file name. The information placed in this file
consists of two parts. First is the timing information for each pin, grouped into TIMESETS.
These TIMESETS are named, with the first being TSET1, the second is TSET2, etc. Within
each TIMESET block, the CYCLE time is listed and each pin is listed with its timing behavior
format for that timeset. An example of the TIMESET information written might be:

TIMESET: TSET1, CYCLE: 200.000
A SBC 25.000 50.000 0.000 0.000

B SBC 25.000 50.000 0.000 0.000

C SBC 25.000 50.000 0.000 0.000
CLK RO 0.000 60.000 0.000 0.000
IBUS[7] NRZ 0.000 0.000 0.000 0.000
IBUS[6] NRZ 0.000 0.000 0.000 0.000
IBUS[5] NRZ 0.000 0.000 0.000 0.000
IBUS[4] NRZ 0.000 0.000 0.000 0.000
IBUS[3] NRZ 0.000 0.000 0.000 0.000
IBUS[2] NRZ 0.000 0.000 0.000 0.000
IBUS[1] NRZ 0.000 0.000 0.000 0.000
IBUS[O] NRZ 0.000 0.000 0.000 0.000

TIMESET: TSET2, CYCLE: 200.000
A SBC 35.000 75.000 0.000 0.000
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B SBC 35.000 75.000 0.000 0.000

C SBC 35.000 75.000 0.000 0.000

CLK RO 0.000 90.000 0.000 0.000

IBUS[7] NRZ 87.000 0.000 0.000 0.000
IBUS[6] NRZ 87.000 0.000 0.000 0.000
IBUS[5] NRZ 87.000 0.000 0.000 0.000
IBUS[4] NRZ 87.000 0.000 0.000 0.000
IBUS[3] NRZ 87.000 0.000 0.000 0.000
IBUS[2] NRZ 87.000 0.000 0.000 0.000
IBUS[1] NRZ 87.000 0.000 0.000 0.000
IBUS[O] NRZ 87.000 0.000 0.000 0.000

For the individual pins, each line includes the pin name, followed by behavior type, followed by
the t1 thru t4 time values associated with the behavior type. When generating the TIMESET
blocks, VCAP will normally list the timing behavior format for all input pins in the first
TIMESET (TSET1), and then only list those pins which differ from TSET1 in the other TSETSs.
The optional -VERBOSE flag can be used to force vcap to list all pins in each TIMESET block.

The second part of the information written during dynamic timing analysis is a TIMESET
TRACE, which essentially lists the ordering of the TIMESETSs within the data file. An example
of this would be:

TSET1 CYCLE=0 TIME=0.000
TSET2 CYCLE=4 TIME=800.000
TSET3 CYCLE=9 TIME=1800.000
TSET2 CYCLE=12 TIME=2400.000
TSET1 CYCLE=16 TIME=3200.000
TSET2 CYCLE=20 TIME=4000.000
TSET3 CYCLE=25 TIME=5000.000
TSET2 CYCLE=28 TIME=5600.000

In this section, VCAP maps the extracted TIMESETS to the actual cycle number and simulation
time in the simulation data. The TIMESET information and TIMESET TRACE information
together represent a cycle-based equivalent to the original event-driven (print-on-change)
simulation data. Normally, this TIMESET TRACE information is added to the end of the
"fnamel” file, after all of the TIMESET definitions. If an "fname2" file is specified, however,
the TIMESET TRACE information will be written to it instead.

The format of the TIMESET and TIMESET TRACE information is currently a format which is
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specific to VCAP (althopugh it is fairly generic). The (future) optional parameter "-FORMAT
format" will provide for a choice of output formats for this data - probably WGL, STIL and a
few others.

The basic goal of this feature in VCAP is to extract a cycle-based equivalent, with ordered
timesets, from a print-on-change simulation data file which accurately reflects the timing
behavior of input pins. This cycle-based version of the input pin behavior is in a format which
is typically applicable to testers and some standard cycle-based simulation data formats.

In order to help VCAP optimize the definition of TIMESETS, the user can also specify
RESOURCE_GROUPs which correspond to groups of pins which undergo the same timing
changes at the same time. In real simulations, if a group of pins has its timing change (say from
NRZ @ 50 in cycle n to NRZ @ 60 in cycle n+1), it is not necessarily the case that all of the pins
will make a transition in the very next cycle (n+1) to show this new timing behavior. =~ Some of
the pins may not transition until several cycles later. As VCAP is analyzing the data in cycle
n+1, it would only be able to determine the new timing for those pins which made a transition in
the cycle, even though all of the pins in the group actually had their timing change. This would
then cause VCAP to create additional TIMESETSs where the group of pins have a mixture of the
old and new timing (those that transitioned in cycle n+1 would become NRZ @ 60, while those
pins that had no transition in the cycle would still be NRZ @ 50).

RESOURCE_GROUP commands can be used when the DYNAMIC_TIMING command is
present  (dynamic timing analysis enabled) to help VCAP optimize TIMESET assignments.
This command has the following syntax:

RESOURCE_GROUP group_nampmlist;

Use as many of these RESOURCE_GROUP statements as necessary to group the input pins with
common timing. This will typically greatly reduce the number of TIMESETs produced. An
example set of commands to do dynamic timing analysis on a print-on-change simulation file,
where the cycle time is also changing as defined by the CLK pin would be as follows:

DYNAMIC_TIMING "designl.tim", -VERBOSE;
CYCLE_BONDARY when CLK 0->1 ;
RESOURCE_GROUP gpl Dbus ;
RESOURCE_GROUP gp2 Addr_bus;
RESOURCE_GROUP ctrl_in, mode, last_cyc, bins ;

Here, the TIMESET and TIME TRACE information will be placed in the file named
"designl.tim”. CLK transitions from O to 1 define the cycle time (period), and VCAP is being
told that there are three groups of pins whose timing are the same in the data file.

One other point which should be noted when doing dynamic timing analysis is that the analysis
works primarily on logic states 1 and 0, so if the Source file contains states other than these, they
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may need to be translated using the STATE_TRANS commands in order for the timing analysis
to work properly.

5.3 FILE ANALYSIS EXAMPLE

The following example shows a typical VCAP command file for reading and analyzing a
simulation results file.

EXAMPLE 1

SRC_BLOCK
BEGIN

SOURCE_FILE "ckt7 _12.vec";

INPUTS a[3:0], b[3:0], clk, enb, funct[2:0];

OUTPUTS pow[7:0], nxt, ovrfl, cry;

STATE_TRANS 'H'->'1', 'L'->'0";

TABULAR_FORMAT "$skipto_@ TIME=$atime STATES=3states",
"# $skipeol "; { comments }

END,;

ANALYSIS_BLOCK
BEGIN

CYCLE = 125;
DEFINE_STROBES strobes=4, width=5, margin=5;
DELAY_TRIGGER nxt @ enb '0';
REPORT_FILE "ckt7_12.rpt"
SIMUL_TRANS window=3.0;
STABILITY_CHECK outputs @ 90 - 125;
END,;
END

In this example, we are reading a simulation results file named "ckt7_12.vec" which contains the
data for 13 input pins and 11 output pins. For the output pins a logic state 1 is represented by an
'H"and a 0 by an 'L, so we are using the STATE_TRANS command to map them back to 1's and
0's. The vectors in the file have the form:

vector 34: @TIME=2120 STATES=1000111010111HHHLLHLHHLL

In order to read this, a TABULAR_FORMAT string is specified for the User-programmed
Reader where first we skip over until the @ character, then the TIME= hard characters are
matched, then the time is read, followed by the STATES= hard characters, and finally the 24 pin
states are read. In this case the $skipto @ command is used since the text before the @
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character will change with each vector. Also, in the vector file comment lines always begin with
a # character in column 1, so we are telling VCAP to ignore these. If we did not include this
string for matching comments, VCAP would report each comment line as an UNmatched line.

The ANALYSIS BLOCK commands define the cycle time as being 125. Since the results file
will typically be a print-on-change data file, VCAP must be told where the cycle boundaries are.
Propagation delays for all pins except the "nxt" pin will be measured from the beginning of the
cycle. For "nxt", the delay start time will be when the "enb" input pin makes a transition to logic
0. In both cases, the propagation delay for each pin is defined as the difference between the
trigger start (beginning of cycle for all but the nxt pin) and the last transition the pin makes
before the end of the cycle. This is taken to be the point at which the pin is stable in the cycle.
As stated previously, VCAP does not support measuring propagation delays which span cycle
boundaries.

The ANALYSIS BLOCK also directs VCAP to monitor simultaneous pin transitions using a
transition window of 3.0 nanoseconds. This is essentially like taking a 3 NS wide window,
sliding it along the time line and recording locations where the maximum number of output pin
transitions fall within the window. A check for stability on all output pins is called out for the
window from 90 to 125 of each cycle. Any transitions which occur on output pins during this
window will be reported. The results of the analysis will be placed in a file named "ckt7_12.rpt".

EXAMPLE 2
SRC_BLOCK

source_file "src7";

inputs cclk, riw, ext, rep*, clk;

outputs aDR[7:0], MODe[3:0], out[3:0], db[7:0];
tabular_format dazix_tv;

ANALYSIS_BLOCK

cycle 100;

report_file rpt7;

check_pins *;

simul_trans window=2;

resolution .01;

glitch_check max_width = 3, ignore_states="U";

legal_state check states="10XZ", min_width=2, pin_list=";
END

In this example, the Source File is a Dazix (Intergraph) time-value format and is being read with
a canned reader. All pins are being analyzed, with a resolution of .01 NS for times in the Report
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File. A Glitch Check is being performed, looking for any pulse narrower than 3 NS, but ignoring
any 'U’ states found. A check for illegal states is also being done on all pins, where any state
other than 1, 0, X or Z is considered illegal as long as it endures for more than 2 NS.
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APPENDIX A - VCAP COMMAND SYNTAX

SRC_BLOCK AND REF_BLOCK COMMAND SUMMARY:
ALIGN_TO_CYCLE cycle pinlist @ time,.., pinlist @ time;

ALIGN_TO_STEP step [offset]:

AUX_FILE [=] "filename" ;

BEGIN_LINE [=] n;

BEGIN_STRING [=] "begin after this string";
BIDIRECTS [=] pinlist;

BIDIRECT_CONTROL pins=direction when pin=state;

BIDIRECT_CONTROL pin=direction @ time;
BIDIRECT_STATES input statelist, output statelist;
BUSFORMAT [=] radix;

BUSFORMAT busl=radix1, ..., busn=radixn;
CYCLE [=] n;

GROUP n [=] pinlist;

INPUTS [=] pinlist;

KEEP_IVF [ NOCOMPACT];
MAX_UNMATCHED [=] n [[ VERBOSE];
OUTPUTS [F] pinlist;

REFERENCE_FILE [=] "fileneame”;

SCALE [=] n;

SCRIPT_FORMAT [=] "format #1" [, "#2",... "#n"] ;
SOURCE_FILE [=] "filename";

STATE_TRANS [=] [inputs | outputs} 'A->'B’, 'EF->'G',... ;

TABULAR_FORMAT [=] "format #1" [, "#2",... "#n"] ;
TERMINATE TIME [=] n;

TERMINATE LINE [=] n;

TERMINATE STRING [=] "stop at this string";
TIME_OFFSET [=] n;

WAVE_FORMAT [=] "format #1" [, "#2",... "#n"] ;
WHITESPACE [=] ‘A", 'B’, C’ ... ;
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COMPARE_BLOCK COMMAND SUMMARY:

ALIAS ref_name = new_ref_name;

ALIAS "ref_string" = "new_ref_string" ;

CHECK_PINS [=] INPUTS | OUTPUTS | * | pinlist ;

COMPARE_TYPE [=] STATE,STATE | TRANS,STATE | TRANS, TRANS |
BIDIRECTIONAL [-REPORT_DELTA_DELAYS];

COMPARE_WINDOW INPUTS | OUTPUTS | * | pinlist @ t1 - t2 [,t3 - t4];

COMPARE_WINDOW INPUTS | OUTPUTS | * | pinlist @ CONDITION expr = state ;

CYCLE [F] n;

CYCLE_BOUNDARY [WHEN] pin a->b ;

DONT_CARE [-INPUTS | -OUTPUTS] [=] 'state_list;

MASK INPUTS | OUTPUTS | * | pinlist @ t1 - t2 [,t3 - t4];

MASK INPUTS | OUTPUTS | * | pinlist @ CONDITION expr = state ;

MAX_MISCOMPARES [=] n;

MISCOMPARE_DISPLAY [=] BY_PIN | BY_VECTOR [-VERBOSE] ;

REPORT_FILE [=] "filename™;

RESOLUTION nn;

SKEW_TOLERANCE [INPUTS | OUTPUTS | * | pinlist] [=] t1[%)], t2[%];

ANALYSIS_BLOCK COMMAND SUMMARY

CHECK_MAX_DELAYS pinlist @ t1 [,t2];

CHECK_PINS [=] INPUTS | OUTPUTS | * | pinlist ;

CYCLE [=] n;

CYCLE_BOUNDARY [WHEN] pin a->b ;

DEFINE_STROBES [STROBES=n],[WIDTH=m],[MARGIN=q],
[OFF_TIME=s];

DELAY_TRIGGER [=] pinlist @ pin 's’;

DONT_CARE [-INPUTS | -OUTPUTS] [=] 'state_list;

DYNAMIC_TIMING "fnamel" [, "fname2"] [-VERBOSE] ;

GLITCH_CHECK [IGNORE_STATES =". ."] [, MAX_WIDTH=n]
[ PIN_LIST=..];

ILLEGAL_STATE_CHECK STATES =".." [, MIN_WIDTH = n]
[PIN_LIST=..];

MASK INPUTS | OUTPUTS | * | pinlist @ t1 - t2 [,t3 - t4];

MASK INPUTS | OUTPUTS | * | pinlist @ CONDITION expr = state ;
REPORT_FILE [=] "filename™;

RESOLUTION nn ;

RESOURCE_GROUP groupname pinlist ;

SIMUL_TRANS [WINDOW=n],[MAX_0_TRANS=z],[MAX_1 TRANS=w];
STABILITY_CHECK OUTPUTS | pinlist @ t1 - t2 [, t3 - t4] ;
STABILITY_CHECK OUTPUTS | pinlist @ CONDITION expr = state ;
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ALIAS

USAGE:

WHERE:

BLOCK

EXAMPLES:

DESCRIPTION:
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ALIAS ref_name = new_ref _name;
or
ALIAS "ref_string" ="new_ref_string";

ref_nameis a signal name in the Reference File
new_ref_nameds a signal name to be used for comparing the
Source File.

ref_stringis a quoted text string existing in one-or-more pins in
the Reference file (may be NULL).

new_ref_strings a quoted text string (may be NULL) to globally
replace theef_string

COMPARE_BLOCK

ALIAS bus[0] = bus 0_;
alias u4/pinl = u4.pinil;
alias "/top/module/' ="";

When VCAP performs data comparisons between a Reference and
Source file, it pairs the data in the two files according to pin name.
Normally, the same pin will have identical names in the two files.
Sometimes, however, when using canned readers, the same pin
might have different names in the two files due to different naming
conventions. The ALIAS command provides a mechanism for
modifying pin names in the Reference File so that they match the
names found in the Source File. In the first form of the command,
individual pin names in the Reference File are being changed to
mach the Source File names. To ALIAS an entire bus, simply
ALIAS the bus names (e.g. ALIAS busa = xbusb). This command
supports single bits of a bus also, but does not support a bus range
notation. In the second form of the command, a global string
replacement is performed on all pins in the Reference File. If the
ref_stringis NULL then thenew_ref_stringis pre-pended to all

pin names. Likewise, if theew_ref_strings NULL, the

ref_stringis removed from all pin names in the Reference File.

Any number of ALIAS commands can be used in the
COMPARE_BLOCK.
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ALIGN_TO_CYCLE

USAGE:

WHERE:

BLOCK:

EXAMPLES:

DESCRIPTION:
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ALIGN_TO_CYCLE cyc pinlist @ time,
pinlist @ time, .. ;

cyc is a number which defines the cycle time in nanoseconds.
pinlist is a list of pins and/or busses.

time is a positive time which defines the strobe point for the pins
in the pinlist.

SRC_BLOCK and/or REF_BLOCK .

ALIGN_TO_CYCLE 200 busa adr pl p2 p3 @ 125;
align_to_cycle 225 dbus bro ctrl[4:0] @ 110,
cbus bru ctrl[7:5] @ 185;

When reading vectors from print-on-change simulation results
files, successive vectors may have only small time differences
between them due to different prop delays to output pins as well as
different timings used on input pins. This results in many vectors
per basic clock cycle. For simulation data comparisons where the
verification of pin states at specific times in the cycle is the
primary concern, it may be desirable to map these vectors to a set
of cycle data where the state for each pin in a given cycle is
determined by its state at a specified strobe time. This command
provides a facility to accomplish this. In the first example above,
VCAP will collapse the data to a single vector every 200 time
units, with the states for the listed pins being determined at time
125 in the data file being read. Pins having no strobe times listed
will be strobed at the beginning of each cycle. In the second
example, the cycle time will be 225, and some pins will have their
states determined at 110 while others will be at 185 in each cycle
of the data file being read. This command is very useful for
normalizing a print-on-change timing simulation results file for
comparison with cycle simulation data containing no timing. If
multiple ALIGN_TO_CYCLE commands are used, they must all
have the same cycle time specified.
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ALIGN_TO_STEP
USAGE:

WHERE:

BLOCK:

EXAMPLES:

DESCRIPTION:

AUX_FILE
USAGE:
WHERE:
BLOCK:

EXAMPLE:

DESCRIPTION:
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ALIGN_TO_STEPstep [offset] ;

stepis a positive time defining the strobe interval or cycle.
offsetis a time defining an offset for the strobe within each cycle.

SRC_BLOCK and/or REF_BLOCK.

ALIGN_TO_STEP 50;
align_to_step 125 35;

This command is essentially a simplified subset of the
ALIGN_TO_CYCLE command, where all pins are strobed at the
same time in the cycle. When reading vectors from print-on-
change simulation results files, successive vectors may have only
small time differences between them due to different prop delays
to output pins. This results in many vectors per basic clock cycle.
For some comparisons, it may be desirable to collapse one or both
sets of simulation data to cycle state data. This then allows us to
verify that the two data sets had the same states at a fixed point in
each cycle. In the first example above, the vectors being read will
be sampled only at even 50 time unit boundaries. Thus, if the
cycle time of the simulation was 200, all vectors will be aligned to
4 vector time points per cycle at 0, 50, 100 and 150. If the
ALIGN_TO_STEP value is set to the cycle time of the simulation,
then only the vectors at cycle boundaries will be translated. An
offset can also be specified as shown in the second example. Here,
the input vectors will be strobed and a vector generated at time 35,
160, 285, ... etc. The ALIGN_TO_CYCLE command and the
ALIGN_TO_STEP command cannot both be used.

AUX_FILE [=] "filename”;

filenameis the name of a file.

SRC_BLOCK and/or REF_BLOCK

AUX_FILE = "ckt11.sdf";

Some of the canned readers require that more than one file be
specified (see Appendix D). This command is used in conjunction

with the REFERENCE_FILE or SOURCE_FILE command to
specify an auxiliary file name.
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BEGIN_LINE
USAGE:
WHERE:
BLOCK:

EXAMPLES:

DESCRIPTION:

BEGIN_STRING
USAGE:
WHERE:
BLOCK:

EXAMPLES:

DESCRIPTION:
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BEGIN_LINE [=]n;

nis a positive integer.

SRC_BLOCK and/or REF_BLOCK.

BEGIN_LINE =12;

BEGIN_LINE 143;

The BEGIN_LINE command is used to define the line number in

the Source or Reference File at which VCAP should begin reading
vectors. This command only affects the User-programmed reader.

BEGIN_STRING [=]'string" :

string is any string of up to 64 characters.

SRC_BLOCK and/or REF_BLOCK.

BEGIN_STRING ="START_TAB_TRACE;";

BEGIN_STRING "$";

The BEGIN_STRING command is used to define a unique text
string in the Source or Reference File, after which VCAP should

begin reading vectors. This string must begin in the first column
of a line. This command only affects the User-programmed reader.
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BIDIRECTS

USAGE:

WHERE:

BLOCK:

EXAMPLES:

DESCRIPTION:

BIDIRECTS [=]pin_list
pin_list is a list of pins and busses.
SRC _BLOCK and REF_BLOCK.

BIDIRECTS databus[31:0], ctrl[5:0], ackn;
BIDIRECTS pina, pinb, bulf<7..0>;

This command defines the names and order of pins in the Source
and Reference vector Files which are bidirectional. This is an
alternative to the INPUTS and OUTPUTS commands and should
be used only when trying to separate input from output data on
bidirectional pins in a simulation results file for comparison or
analysis purposes. This data separation can be accomplished using
either the BIDIRECT_CONTROL or BIDIRECT_STATES
statements discussed below. When a pin is defined as a
BIDIRECT, VCAP creates two versions of the pin. The first has
the normal pin's name, while the second has the pin's name with a
.O appended to it and is used to contain the pin's output state data.
When the pin state is determined to be an input state in the vector
file, as determined by the BIDIRECT_CONTROL or
BIDIRECT_STATES commands, the state is assigned to the input
version of the pin and the output version (.O) gets a default state.
When the pin is determined to be in an output state, this state is
assigned to the output (.O) version of the pin and the input version
gets a default state.

BIDIRECT_CONTROL (Version 1)

USAGE:

WHERE:

BLOCK:

VCAP USER’S GUIDE

BIDIRECT_CONTROLpin_list = directionWHEN
pin_expr = statd, DEFAULT_INPUT =statd
[ DEFAULT_OUTPUT =statd;

pin_list is a pin, bus or list of bidirectional pins.
direction is either input or output.
pin_expr is a pin name or simple logical

combination of pin names (or compliments).
state is any logical state i.e. 1, 0, X, etc.

SRC_BLOCK and/or REF_BLOCK.
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EXAMPLES:

DESCRIPTION:

BIDIRECT_CONTROL dbus = output when rw* = 1;
BIDIRECT_CONTROL mbus, map = input when
io & ~rw* = 1, default_output = U;

This command can be used with simulation results files containing
bidirectional pins to separate the input data from the output data
under control of a pin state or logical combination of pin states. In
the second example above, when the pin io ANDed with the
compliment (~) of rw* is a logical 1, then the mbus and map pins
are inputs, otherwise they are outputting. Both logical AND (&)
and OR (]) combinations can be constructed for the control pins (or
their compliments). The order of evaluation for fine_expris
left-to-right, but can be modified by use of parentheses. Up to 128
unigue BIDIRECT_CONTROL commands can be used to define
bidirect pin groups and their associated controls. The
DEFAULT_INPUT and DEFAULT_OUTPUT options define the
state to be assigned to the input or output versions of the pins when
they are inactive. If they are not specified, the default_input state
is Z and the default output state is X. Pins controlled with a
BIDIRECT_CONTROL command must be defined as
BIDIRECTS. All of the states discussed here refer to those
assigned prior to any state translations have been done with the
STATE_TRANS command.

BIDIRECT_CONTROL (Version 2)

USAGE:

WHERE:

BLOCK:

EXAMPLES:

DESCRIPTION:
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BIDIRECT_CONTROLpin_list = direction @ time
[, DEFAULT_INPUT =statd
[, DEFAULT_OUTPUT =statd;

pin_list is a pin, bus or list of these.

direction is either input or output.

timeis an integer time offset from the cycle boundary
stateis any logical state character.

SRC_BLOCK and/or REF_BLOCK.

BIDIRECT_CONTROL dbus = input @ O ;
BIDIRECT_CONTROL mbus, map = output @ 45 ;

This command can be used with simulation results files containing
bidirectional pins, to separate the input data from the output data
based upon when the state transitions occur. The basic idea behind
this approach is that input data (stimulus) to bidirectional pins

VCAP USER’S GUIDE



BIDIRECT_STATES

USAGE:

WHERE:

BLOCK:

EXAMPLES:

DESCRIPTION:

VCAP USER’S GUIDE

typically is applied at a fixed time during each cycle (normally at
the start of each cycle), while data being generated by the device
results in pin transitions at varying times within the cycle. We can
thus use this fact as a criteria for distinguishing input data from
output data by observing the transition time for each new data
state. Those transitions occurring at the time specified in this
command are defined as being the direction specified, any other
transition times are assumed to be data of the opposite direction.
The DEFAULT_INPUT and DEFAULT_OUTPUT options define
the state to be assigned to the input or output versions of the pins
when they are inactive - i.e. not being assigned the state data from
the vector file. If they are not specified, the default input state is Z
and the default output state is X. Pins controlled with a
BIDIRECT_CONTROL command must be defined as

BIDIRECTS. In the first example above, all dbus state transitions
occurring at the cycle boundary (0) are interpreted as input data,
and transitions occurring at any other time are interpreted as output
data. Note that the CYCLE command must be used to define the
cycle time boundaries for this command to work properly.

BIDIRECT_STATES INPUBtate_list
[, DEFAULT statd, OUTPUT state_list
[, DEFAULT stat§;

state_listis a list of logical states.
stateis any logical state.

SRC_BLOCK and/or REF_BLOCK.

BIDIRECT_STATES input 1, 0, Z, DEFAULT Z,
output H, L, X, DEFAULT X;
BIDIRECT_STATES output h, |, q,
input 1, 0, U;

This command can be used with simulation results files containing
bidirectional pins, to separate the input data from the output data
when unique state characters identify when the pin is an input vs.
an output. In the first example above, when a bidirect pin in the
simulation results file has a state 1, 0, or Z it is in an input state; if
it has an H, L, or X state it is outputting. The optional DEFAULT
parameter defines the state to assign the input (or output) when it is
not active. If they are not specified, the DEFAULT input state is Z
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and the DEFAULT output state is X. Only one
BIDIRECT_STATES command can be used and it applies to all
bidirect pins. All of the states discussed here refer to those
assigned prior to state translations done with the STATE_TRANS
command. Thus, in the first example above, we could follow the
BIDIRECT_STATES command with "STATE_TRANS 'H'->'1',
'L'->'0"; " to convert the output states to 1's and 0's.

BUSFORMAT
USAGE: BUSFORMATradix ;
or

BUSFORMAT busaradix, ..., busnradix ;

WHERE: radix is HEX, OCT or BIN (BIN is the default); busa thru busn
are bus names which have previously been defined with INPUTS ,
OUTPUTS or BIDIRECTS statements.

BLOCK: SRC_BLOCK and/or REF_BLOCK.

EXAMPLES: BUSFORMAT HEX;
BUSFORMAT adr=hex, dbus=oct;

DESCRIPTION: This command specifies the radix of busses in the Source or

Reference Vector File for the User-programmed reader. The first
form specifies a single radix for all busses. The second form
specifies different radixes for different busses. All busses default
to BIN if not specified.

CASE_SENSITIVE

USAGE: CASE_SENSITIVE ;
BLOCK: REF_BLOCK and/or SRC_BLOCK
DESCRIPTION: This command causes VCAP to treat pin names as case sensitive.

The default is that names are not case sensitive.

CHECK_PINS
USAGE: CHECK_PINS INPUTS | OUTPUTS | pihlist ;
WHERE: pinlist is a list of pin names, separated by blanks or commas,
which may include bus vectors in any of the legal forms.
BLOCK: COMPARE or ANALYSIS BLOCK
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EXAMPLES: CHECK_PINS outputs ;
check_pins dbus[7, 5, 3:0], mode, iobus, iobus.O ;

DESCRIPTION: When VCAP is doing a comparison between two simulation data
files, the pins which are to be compared can be specified with this
command. The keywords INPUTS and OUTPUTS refer to all
input and output pins respectively. The * character refers to all
pins. If no CHECK_PINS command is used then VCAP will
default to comparing all pins common to the two files. If the
"MISCOMPARE_DISPLAY = BY_VECTOR" command is used,
this command specifies the order of pins listed in the report.
Spaces between vector columns in the report file can also be
specified by placing double commas ( ,, ) between pin names in the
pinlist of this command. The command is used similarly when
doing analysis of a Source Vector file. It specifies which pins are
to be analyzed. When bidirectional pins are present, if the output
versions of these pins are to be checked, then these pins (with their
.O suffix) must be explicitly listed in thanlist of this command.

CHECK_MAX_DELAYS
USAGE: CHECK_MAX_DELAYS pinlist @ t1 [, t2];

WHERE: pinlistis a pin name or a list of pin names or busses.
tl andt2 are integers representing maximum rise and fall times
relative to the beginning of the cycle, respectively.

BLOCK: ANALYSIS_BLOCK only.

EXAMPLES: CHECK_MAX_DELAYS pinl, pin2 @ 55;
check_max_delays dbus, 01, 02, 03 @ 44, 51 ;

DESCRIPTION: VCAP can be directed to verify that the propagation delay times
for pins in a simulation results file do not exceed specified values
with this command. Multiple CHECK_MAX_DELAY commands
can be used to accommodate different delay limits for different
pins. The first timing parameter (t1) defines the maximum rise
time delay allowed for the pinlist, while the second (optional)
parameter - t2 - defines the maximum fall time delay. If no fall
time delay is specified, it defaults to the rise delay value. When
VCAP detects that a maximum rise or fall delay for a pin is
violated in the Source Vector file, it flags this in the Report file. A
CYCLE time must be defined when using this command.
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COMPARE_TYPE

USAGE:

BLOCK:

EXAMPLES:

DESCRIPTION:
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COMPARE_TYPE STATE, STATE,; or
TRANS, STATE; or
TRANS, TRANS ; or
BIDIRECTIONAL [-REPORT_DELTA_DELAYS];

COMPARE_BLOCK only;

COMPARE_TYPE state, state ;
compare_type bidirectional ;

When comparing two simulation data files, there are four different
algorithms that can be applied to the comparison task. These are
roughly summarized as follows, going from the least rigorous
checking algorithm to the most rigorous algorithm:

TRANS, STATE means for every state transition which occurs in
the Reference file, check that the Source file state is the same as
the new state at the same vector time.

TRANS, TRANS means that for every state transition which
occurs in the Reference file, check that an identical state transition
occurs at the same vector time in the Source file.

STATE, STATE means for every state found in the Reference file,
check that the same state exists at the same vector time in the
Source file.

BIDIRECTIONAL comparison is essentially an exclusive OR of
the two data files. A mismatch is defined as any point in time
where the state data of the Reference and Source files is different.
The optional -REPORT_DELTA DELAYS flag causes VCAP to
produce a summary of the min and max timing differences on
signal transitions in the two files.

In all of the above modes of pin state comparisons, additional
comparison parameters such as timing tolerance (skew), masked
time regions and DONT_CARE states are taken into account
during the comparison. Note that for all compare types except
BIDIRECTIONAL, the comparison is driven by the Reference File
data - comparisons are only made at time points explicitly listed in
this file.
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COMPARE_WINDOW

USAGE:

WHERE:

BLOCK:

EXAMPLES:

DESCRIPTION:

CYCLE

USAGE:

WHERE:

BLOCK:

EXAMPLES:

DESCRIPTION:

VCAP USER'’S GUIDE

COMPARE_WINDOW [INPUTS | OUTPUTS | *dinlist] @
t1-t2[,t3-t4];
or
COMPARE_WINDOW [INPUTS | OUTPUTS | * pinlist] @
CONDITION logic_expr= state;

pinlistis a list of pin names, separated by blanks or commas; may
include bus vectors in any of the legal formats. The * character
represents all pins.

t1 - t2 are two positive times defining a window range.

t3 - t4 are two optional tines defining a second window range.
logic_expr is a simple logic expression using pin names using the
logic operators & (AND), | (OR) and ~ (COMPLIMENT).

stateis a logic state character (0 or 1).

COMPARE_BLOCK only.

COMPARE_WINDOW outputs @ 90 - 100;
COMPARE_WINDOW dbus, dress[9:0] @ condition enb =1 ;

This command is intended to be used with Bidirectional
Comparisons (COMPARE_TYPE bidirectional;) for a simple way
to window-in on where within each cycle to do comparisons of
states between two files. This can be somewhat simpler than
having to do different ALIGNment processes while reading in the
data from source and reference files. It also has the added
advantage that it will do the verification for the entire window
time(s) instead of just at a single strobe point. The primary criteria
for using this feature, however, is that the two data files have
identical cycle times throughout the files. A CYCLE time must be
specified when using this commmand.

CYCLE [=]n;

nis a positive number.

SRC_BLOCK , REF_BLOCK, COMPARE_BLOCK or
ANALYSIS_BLOCK .

CYCLE =125;
CYCLE 88.5;

This command is used to specify the time step between vectors in
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the data file being read when the format of the vectors does not
include a time stamp. For this case, a $autotime keyword must
also appear at the end of the last TABULAR_FORMAT (or
SCRIPT_FORMAT) string. This command also specifies the
cycle time for the second version of the BIDIRECT_CONTROL
command and is used by the SKEW_TOLERANCE command
when % skew is specified. CYCLE default is 100 if not specified.

CYCLE_BOUNDARY

USAGE: CYCLE_BOUNDARY [WHEN] pin a->b ; ;

WHERE: pinis the name of a pin (usually clock pin).
a, b are state characters.

BLOCK: ANALYSIS_BLOCK .

EXAMPLES: CYCLE_BOUNDARY clk 0->1;

DESCRIPTION: When doing analysis of simulation data files with dynamic timing,
this command specifies that VCAP should try to determine the
cycle time using a pin transition for the cycle boundaries. The pin
specified in this command is typically a clock pin which pulses
(and makes the specified transition) every cycle.

DEFINE_STROBES

USAGE: DEFINE_STROBES [STROBESs], [WIDTH = w],
[MARGIN = m|, [OFF_TIME =t ];

WHERE: s is the number of available strobe resources,
w is the width of each strobe,
m is the delay margin for the strobes
t is the minimum off time from strobe end to cycle end

BLOCK: ANALYSIS_BLOCK

EXAMPLES: DEFINE_STROBES STROBES =4,
define_strobes strobes=6, width = 10, off time =5

DESCRIPTION: When VCAP is being used to analyze a simulation results data file,
one of the things it does is attempt to group all of the output pins
by delay timing and then assign appropriate strobe resources to
these groups. This command tells VCAP how many strobe groups
it can use, the width of the strobes, time margin beyond the max
delay at which to set them, and any off time required from the end
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DELAY_TRIGGER
USAGE:

WHERE:

BLOCK:

EXAMPLES:

DESCRIPTION:

DONT_CARE
USAGE:
WHERE:
BLOCK:

EXAMPLE:

DESCRIPTION:

VCAP USER'’S GUIDE

of the strobe to the end of the cycle. The actual parameters
specified would normally correspond to those of a physical device
tester. VCAP will verify there are no timing violations for these
parameters. A CYCLE time must be specified when using this
command.

DELAY_TRIGGER pinlist @ pin 'state ',

pinlist is a list of pins and/or busses
pin is a single pin name
state is any legal single character pin state or *'

ANALYSIS_BLOCK only

DELAY_TRIGGER dbus @ dbenb '1';
delay_trigger clk_2 @ clkin '0";

When analyzing the delays of output pins in a simulation results
data file, VCAP normally references all delays to the start of the
cycle. If, however, the input signal transition which triggers an
output pin transition does not occur at the cycle boundary, then this
command can be used to tell VCAP, for a single or set of output
pins, the input pin and the state (when transitioned to) which
triggers the delay. Normally the trigger state isa '1' or '0". If the
trigger can be from a transition to either a "1’ or a ‘0’ state then the
*' character is used.

DONT_CARE [-INPUTS | -OUTPUTS] [=ktate_list' ;
state_listis any list of legal single character states
COMPARE_BLOCK only

DONT_CARE 'UXW';
DONT_CARE -outputs XMW’ ;

When comparing two simulation results files, if the pin state from
the Reference file at a particular vector time is a "don't care” state,
then the comparison always passes, regardless of the Source state.
VCAP assumes a default "don't care" state of *?*, but this
command can be used to change it to any list of characters desired.
Each of the characters in this list is treated as "don't care". This list
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DYNAMIC_TIMING
USAGE:
WHERE:
BLOCK:
EXAMPLE:

DESCRIPTION:
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of "don’t care" states can be specified separately for input and
output pins using the -INPUTS or -OUTPUTS flags. Itis
sometimes important, when comparing output pin states, to
distinguish between "don’t care" states, which might be found in
the Reference File, from "undefined" logic states that occur in the
Source File. For example, an 'X’ in the Ref. file with a '1’ in the
Src. file might be O.K., while a'1’ in the Ref. file with an ’X’ in

the Src. file is a mismatch. Use a combination of the
STATE_TRANS and DONT_CARE commands to control how the
"don’t care” comparisons are handled.

DYNAMIC_TIMING "fnameZ [, "fname2] [[VERBOSE] ;
fnameland optionafnameZ2are legal file names.
ANALYSIS_BLOCK;

DYNAMIC_TIMING "accum.tim" -VERBOSE ;

This feature in VCAP enhances the standard input pin timing
behavior analysis to handle dynamically changing timing behavior.
The "fnamel"” parameter specifies the name of the file to which the
dynamic timing analysis is to be written. The information placed
in this file consists of two parts. First is the timing information for
each pin, grouped into TIMESETS. These TIMESETS are named,
with the first being TSET1, the second is TSET2, etc. Within each
TIMESET block, the CYCLE time is listed and each pin is listed
with its timing behavior format for that timeset. When generating
the TIMESET blocks, VCAP will normally list the timing behavior
format for all input pins in the first TIMESET (TSET1), and then
only list those pins which differ from TSET1 in the other TSETSs.
The optional -VERBOSE flag can be used to force VCAP to list all
pins in each TIMESET block. The second part of the information
written during dynamic timing analysis is a TIMESET TRACE,
which essentially lists the ordering of the TIMESETSs within the
data file. Normally, this TIMESET TRACE information is added
to the end of the "fnamel" file, after all of the TIMESET
definitions. If an "fname2" file is specified, however, the
TIMESET TRACE information will be written to it instead.
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GLITCH_CHECK

USAGE:

WHERE:

BLOCK:

EXAMPLES:

DESCRIPTION:

GROUP

USAGE:

WHERE:

BLOCK:

EXAMPLES:

DESCRIPTION:
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GLITCH_CHECK [IGNORE_STATES =statelist"]
[, MAX_WIDTH = width]
[, PIN_LIST =pinlist] ;

statelistis an optional quoted list of state characters

widthis an optional positive number

pinlistis an optional list of pin or bus names or the key word
INPUTS or the keyword OUTPUTS

ANALYSIS_BLOCK

GLITCH_CHECK IGNORE_STATES ="X",
PIN_LIST = outputs;
GLITCH_CHECK max_width = 2.5, pin_list = obus[9:0] ;

This feature will check a Source vector file for glitches. If the
optional IGNORE_STATES parameter is specified, then the states
listed will not be flagged as glitches, otherwise a glitch of any state
is flagged. If the optional MAX_WIDTH parameter is specified
then it defines the maximum timadth for a glitch. In other
words, any consecutive pair of state transitions which are less-
than-or-equal-to thisidthis flagged as a glitch. The
MAX_WIDTH parameter defaults to 1.0 nS. If the optional
PIN_LIST is present, it specifies the pins to which the glitch
checking process is to be applied, otherwise glitch checking is
done on all pins in the CHECK_PINS list.

GROUP [=] pinlist ;

n is an integer between 0 and 9, gndist is a list of pin names,
separated by blanks or commas, which may include bus vectors in
any of the legal forms.

SRC _BLOCK and/or REF_BLOCK;

GROUP 0 d_bus, adr_bus, contrl ;

GROUP 1 =in1,in2,in3, in4, mode_bus ;

When the pin state information in a vector file is not contained on
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a single line or is not otherwise contiguous, the GROUP command
can be used, together with the $gstatesn keyword, to tell VCAP
how the pin states are organized. Up to 10 groups (0 thru 9) can be
defined and then referenced in the FORMAT string according to
how they appear in the vector file.

ILLEGAL_STATE_CHECK / LEGAL_STATE_CHECK

USAGE:

WHERE:

BLOCK:

EXAMPLES:

DESCRIPTION:
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ILLEGAL_STATE_CHECK STATES = &tatelist”
[, MIN_WIDTH = width]
[, PIN_LIST =pinlist] ;
or
LEGAL_STATE_CHECK STATES = $tatelist"
[, MIN_WIDTH = width]
[, PIN_LIST =pinlist] ;
statelistis a quoted list of state characters
width is an optional positive number
pinlistis an optional list of pin or bus names or the key word
INPUTS or the keyword OUTPUTS

ANALYSIS_BLOCK only

ILLEGAL_STATE_CHECK STATES ="UX", PIN_LIST=clk;
ILLEGAL_STATE_CHECK STATES ="Z",

MIN_WIDTH = 3, PIN_LIST=inputs;
LEGAL_STATE_CHECK STATES ="10XZ",

This pair of commands can be used to tell VCAP to check for
illegal states on some or all of the pins in the CHECK_PINS list.
The first form, ILLEGAL_STATE_CHECK, takes a list of states
to be considered as illegal, and checks for these in the vector file.
The second form, LEGAL_STATE_CHECK, takes a list of states
to be considered as legal, and checks for the occurrence of any
otherstate in the vector file. The MIN_WIDTH parameter
specifies how long a state must endure in order to be considered
stable and hence checked. This can be set to O so any occurrence
of an illegal state will be flagged; the default is 1.0. If no
PIN_LIST is specified, then checking is applied to all pins in the
CHECK_PINS list. Only one of these two commands can be
specified in a given VCAP analysis run.
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INPUTS

USAGE:

WHERE:

BLOCK:

EXAMPLES:

DESCRIPTION:

KEEP_IVF
USAGE:
BLOCK:

EXAMPLE:

DESCRIPTION:
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INPUTS [=]pinlist;

pinlist is a list of pin names, separated by a blank or comma,
which may include bus vectors in any of the legal formats.

SRC_BLOCK and/or REF_BLOCK.

INPUTS adr<7..0>, dbus[9:5], pinl, pin2;
INPUTS p1l, p2, m[8,6,4,2..0];

The INPUTS command defines the names and order of the pins in
the file being read. This command, together with the OUTPUTS
and BIDIRECTS commands, must be used to define all of the pins
which have states in the file. If the file is a tabular file then the pin
order must be as defined by these commands. Multiple INPUTS
and/or OUTPUTS/BIDIRECTS commands may be used to split-up
the pin order to assure this. For special file formats, such as IVF
format, and many canned readers it is not necessary to specify the
pins with these commands.

KEEP_IVF [[NOCOMPACT] ;
SRC_BLOCK or REF_BLOCK;
KEEP_IVF , nocompact;

When reading a Source or Reference Vector file, VCAP creates a
temporary intermediate file to contain the normalized state data.
The file is named __src.vec for the Source File, and __ref.vec for
the Reference File. This file is in compacted (binary) IVF format
and is normally erased after the comparison or analysis task is
completed. The KEEP_IVF command inhibits the erasing of these
intermediate IVF files. The NOCOMPACT option forces VCAP

to format these intermediate files in a non-compacted ASCII
format which can be easily viewed. This is sometimes useful for
understanding how the processes specified in the VCAP command
file affect the vector file data prior to comparison or analysis.

Page A-19



MASK

Page A-

USAGE:

WHERE:

BLOCK:

EXAMPLES:

DESCRIPTION:

20

MASK INPUTS | OUTPUTS | * pinlist @ t1-t2[,t3-t4];
or
MASK INPUTS | OUTPUTS | * | pinlist @ CONDITION
logic_expr= state;

pinlistis a list of pin names, separated by blanks or commas; may
include bus vectors in any of the legal formats. The * character
represents all pins.

tl - t2 are two positive times defining a mask range. The *
character indicates the end time of the simulation data.

t3-t4 are two optional tines defining a second mask range.
logic_expr is a simple logic expression using pin names using the
logic operators & (AND), | (OR) and ~ (COMPLIMENT).

stateis a logic state character (0 or 1).

COMPARE or ANALYSIS_BLOCK

MASK outputs @ 0 - 23000 ;
mask out[7:3] @ CONDITION enb & (model | ~rw) = 1;
mask pinl, pin2, pin3 @ O - 3400, 873400 - *,

When comparing or analyzing simulation results data, it is often
desirable to mask certain pins, within certain time ranges or under
certain logic conditions, from the comparison or analysis process.
This command can be used to tell VCAP to ignore the state
information for specific (or all) pins within one or two time zones,
or under certain logic conditions on other pins, in the simulation
results data. In the second form, kbgic_exprcan be comprised

of pin names combined with the logical AND (&) and OR (])
operators. A tilda (~) prefix compliments a signal state, and the
expression is evaluated left-to-right, except as modified by
parentheses. Multiple MASK commands can be specified, but a
given pin may only have one MASK applied to it.
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MAX_MISCOMPARES
USAGE:
WHERE:
BLOCK:
EXAMPLE:

DESCRIPTION:

MAX_UNMATCHED
USAGE:
WHERE:
BLOCK:

EXAMPLE:

DESCRIPTION:
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MAX_MISCOMPARES [=] ;
n is a positive integer
COMPARE_BLOCK only
MAX_MISCOMPARES 50 ;

When doing a comparison between two simulation results data
files, VCAP reports each miscompare it finds. If the two files are
substantially different, the list of miscompares could get quite
large. This command tells VCAP to stop the comparison process if
more than n miscompares are found.

MAX_UNMATCHED [=] n [, VERBOSE] ;
n is a positive integer
SRC_BLOCK and/or REF_BLOCK

MAX_UNMATCHED 50 ;
MAX_UNMATCHED =5, verbose;

When reading simulation data from the Source or Reference vector
files, VCAP attempts to match each line it reads to one of the
"format strings". If the match is successful, then it accepts the data
in the line and updates state/time information appropriately. If,
however, a line from the file does not match any of the "format
strings"”, VCAP reports the line with an UNmatched Line warning,
and ignores it. This command sets a limit as to the number of
these warnings it will print to the screen. The optional VERBOSE
flag tells VCAP to provide additional information concerning

where in the line and why it failed to compare for each of the
"format strings" it attempted to match.
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MISCOMPARE_DISPLAY

USAGE:

BLOCK:
EXAMPLE:

DESCRIPTION:

OUTPUTS
USAGE:

WHERE:

BLOCK:

EXAMPLES:

DESCRIPTION:
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MISCOMAPRE_DISPLAY [=] BY_PIN |
BY_VECTOR [-VERBOSE] ;

COMPARE_BLOCK only;
MISCOMPARE_DISPLAY = by_vector;

When comparing the simulation data from a Source and Reference
file, VCAP reports any time points where data does not compare.
The format of this reporting can be selected between two formats.
The BY_PIN format (the default format) reports each pin
miscompare individually, with timestamp and state information
from each file. The BY_VECTOR format presents the

miscompare information by listing the entire vector from both

files, thus showing the miscompares in-context. Normally, when
VCAP finds a pin miscompare between the Reference and Source
files, it places the vectors and times stamps in the Report file
where the miscompare first occurs. If successive vectors continue
to miscompare for a given pin, they are not reported for each
vector. If the pins later begin matching, but then miscompare
again a new miscompare vector is again placed in the Report file at
the time where the miscompare begins. Thus a miscompare entry
is placed in the Report file only at the beginnaig set of
miscompare time points. The -VERBOSE option modifies this
miscompare reporting so that a miscompare entry is placed in the
Report file at every time point in which one or more pins do not
compare instead of only when the miscomparing starts.

OUTPUTSpinlist ;

pinlistis a list of pin names, separated by blanks or comma; may
include bus vectors in any legal format.

SRC_BLOCK and/or REF_BLOCK.

OUTPUTS wdat[31..0], adr<5,3:0>, pol;

OUTPUTS p3, p2, p1, DUT,

The OUTPUTS command defines the names and order of output

pins in the vector file being read. This command, together with the
INPUTS & BIDIRECTS commands, must be used to define all of
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REFERENCE_FILE
USAGE:
WHERE:
BLOCK:

EXAMPLES:

DESCRIPTION:

REPORT_FILE
USAGE:
WHERE:
BLOCK:

EXAMPLES:

DESCRIPTION:
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the pins which have states in the file. If the file is a tabular file
then the pin order must be as defined by these commands.
Multiple INPUTS and/or OUTPUTS commands may be used to
split-up the pin order to assure this. For some special file formats,
such as the IVF format or the canned reader formats, it is not
necessary to specify the pin names with these commands.

REFERENCE_FILE [=]fillenamé ;
filename is a legal filename and may include a path prefix.
SRC_BLOCK (if no REF_BLOCK) or REF_BLOCK.

REFERENCE_FILE = "mentor.vecs",
REFERENCE_FILE "/usr/tom/cktl/valid.dat".

This command is used to specify the name of the Reference Vector
File to be used in a comparison. It can be overridden from the
command line when VCAP is invoked. If the format of both

Source and Reference Vector files are identical, then the
REFERENCE_FILE command may appear in the SRC_BLOCK

and no REF_BLOCK is needed.

REPORT_FILE [=] filenamé ;
filename is a legal filename and may include a path prefix.
COMPARE or ANALYSIS_BLOCK.

REPORT_FILE = "mentor.vecs.comp";
REPORT_FILE "/usr/tom/cktl/valid.dat.rpt".

This command is used to specify the name of the Report File to be
generated during a comparison of two files or the analysis of a
single file. For file comparisons, the Report File contains a
summary of the comparison parameters and a list of all
miscompares found. For simulation results file analyses, the
Report File contains a summary of all delay times, input pin timing
behavior and transition statistics.
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RESOLUTION

USAGE;
WHERE:
BLOCK:

EXAMPLE:

DESCRIPTION:

RESOURCE_GROUP

USAGE;

WHERE:

BLOCK:

EXAMPLE:

DESCRIPTION:

SCALE

USAGE:

WHERE:

BLOCK:

EXAMPLES:

DESCRIPTION:
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RESOLUTIONN ;

nis 1.0, 0.1, 0.01, or 0.001

COMPARE_BLOCK or ANALYSIS_BLOCK

RESOLUTION 0.1;

This command tells VCAP how many significant digits after the
decimal point it should include in all times that it prints in the

Report file. If not specified, the RESOLUTION is 1.0 (integer
time stamps).

RESOURCE_GROUP groupnanpalist ;

groupnameas a unigue name armnlist is a list of the input pins in
this group.

ANALYSIS BLOCK

RESOURCE_GROUP grpl dbus, mbus, nodeio, oinode;
These commands can be used when the DYNAMIC_TIMING
command is present (dynamic timing analysis enabled) to help

VCAP optimize TIMESET assignments. They are used to identify
groups of input pins which share common timing.

SCALE [=]xx;

xx is a real number (1.0 default).

SRC_BLOCK and/or REF_BLOCK.

SCALE =1.5;

SCALE .85;

SCALE = 10;

The SCALE command can be used to linearly expand or reduce

the time line of the vector file being read. Each time stamp in the
file is multiplied by the SCALE specified.
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SCRIPT_FORMAT
USAGE:
WHERE:
BLOCK:

EXAMPLES:

DESCRIPTION:

SIMUL_TRANS

USAGE:

WHERE:

BLOCK:

EXAMPLE:

DESCRIPTION:
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SCRIPT_FORMAT [=]format #1" [, .. "format #n"] ;
format #n is a quoted text string containing $keywords.
SRC_BLOCK and/or REF_BLOCK.

SCRIPT_FORMAT "FORC $pins $states $atime -A";
script_format mentor_log;
SCRIPT_FORMAT "d $pins $states", "s $atime" ;

The vectors contained in the vector file being read can be
formatted in one of three general formats. These are SCRIPT ,
TABULAR and WAVE. SCRIPT formats are characterized by
individual pin state assignments at specified times. Only those
pins that change state at each time step are listed and time always
increases monotonically through the file. Up to 20 different line
format strings may be defined. VCAP uses these as templates for
interpreting each line in the vector file. Each format string can be
up to 255 characters long. See Appendix B also for invoking
canned readers in script_format.

SIMUL_TRANS [WINDOW =w ]
[, MAX_0_TRANS =m0]
[, MAX_1 TRANS =m1];

w is a number which sets the width of the transition window.
mO0, m1 set the maximum number of 1->0 and 0->1 transitions
allowed in a window.

ANALYSIS_BLOCK only
SIMUL_TRANS window =5, max_0_trans = 16 ;

One of the analyses performed by VCAP on a simulation results
file is a check on the number of simultaneous pin transitions that
occur in the data file. This information is often important for
avoiding ground bounce or other coupling phenomena on testers.
As part of this check, the user can specify a time window within
which transitions are to be considered simultaneous - this defaults
to 1.0 if not specified. Any time window where transitions exceed
the max's is reported.
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SKEW_TOLERANCE

USAGE:

WHERE:

BLOCK:

EXAMPLES:

DESCRIPTION:

SOURCE_FILE
USAGE:
WHERE:
BLOCK:

EXAMPLES:

DESCRIPTION:
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SKEW_TOLERANCE [OUTPUTS | *inlist @]
[=] n1[%] [, n2[%]] ;

pinlist is a list of pins and/or busses.
nl, n2 are positive integer times [or percentages].

COMPARE_BLOCK only;

SKEW_TOLERANCE outputs =5
skew_tolerance pinl, pin2, dbus[15:0] = 10% ;

When VCAP is comparing the simulation results data from two
files, this command can be used to tell it to tolerate a specified time
differential between when states occur in the Reference file, vs.
when they occur in the Source file. Different tolerances can be
specified for different pins. If the time tolerance has a %
designator, then the percentage tolerance is relative to the
Reference file transition time within a cycle, otherwise it is an
absolute time tolerance. The first time tolerance parameter is the
positive transition tolerance, the second is the negative transition
tolerance. If no negative tolerance is specified, then it assumes the
same value as the positive tolerance.

SOURCE_FILE [=]fllenamé ;
filename is a legal filename and may include a path prefix.
SRC_BLOCK only.

SOURCE_FILE = "mentor_new.vecs",
SOURCE_FILE "/usr/tom/cktl/valid_new.dat".

This command is used to specify the name of the Source Vector

File to be used in a comparison or to be analyzed. It can be
overridden from the command line when VCAP is invoked.
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STABILITY_CHECK

USAGE:

WHERE:

BLOCK:

EXAMPLES:

DESCRIPTION:

STATE_TRANS
USAGE:

WHERE:

BLOCK:

EXAMPLES:

DESCRIPTION:
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STABILITY_CHECK OUTPUTS [pinlist @ t1-t2[,t3-t4];
or
STABILITY_CHECK OUTPUTS | pinlist @ CONDITION
logic_expr= state;

pinlist is a list of the output pins to be checked.

t1 - t2 are two positive times defining a window range.

t3 - t4 are two optional tines defining a second window range.
logic_expr is a simple logic expression using pin names using the
logic operators & (AND), | (OR) and ~ (COMPLIMENT).

stateis a logic state character (0 or 1).

ANALYSIS_BLOCK.

STABILITY_CHECK outputs @ 135 - 150 ;
STABILITY_CHECK dbus.O, Imc[31:0] @ CONDITION
(pin_enb & blk_rd) = 1;

This command is used to check for output pin stability within one
or two windows in each cycle, or during any time in which a
specified logic expression is true. Any number of these stability
checking statements can be used in the analysis block, but only one
check can be specified for any single pin. In the first form, any
transitions on the specified pins are reported which occur during
the window between t1 and t2 of each cycle, and between t3 and t4
(if specified) of each cycle. All of the times t1 thru t4 must be
within the cycle time, and the CYCLE must be defined.

STATE_TRANS [=] {lir] from1'->tol", ..

fromi is a 1 or 2 character state dad is a single character state.
dir is either inputs or outputs.

SRC_BLOCK and/or REF_BLOCK.
STATE_TRANS outputs 'H->'1", 'L'->'0", 'U->'X";
STATE_TRANS ='1S'->"1", '0S'->'0', 'XZ'->'Z";

This command defines a mapping from pin states in the vector file

Page A-27



TABULAR_FORMAT
USAGE:
WHERE:
BLOCK:

EXAMPLES:

DESCRIPTION:

TERMINATE

USAGE:

WHERE:

BLOCK:

EXAMPLES:

DESCRIPTION:

Page A-28

being read to states needed for comparison or analysis purposes.
"from’ states can be single or two character states, whbilstates
must be single character. The optiotialparameter can be used

to distinguish input from output pin mappings. The speoial

state M can be used to designate thaftrtma character in the

vector file is a no-change-from-last-state designator.

TABULAR_FORMAT [=] "format #1" [, .. "format #n"] ;
format #n is a text string containing $keywords.
SRC_BLOCK and/or REF_BLOCK.

TABULAR_FORMAT " $atime $states” ;
TABUALR_FORMAT "$states /+$dtime", "*$skipeol” ;

The vectors contained in the vector file being read can be
formatted in one of three general formats. These are SCRIPT ,
TABULAR and WAVE. TABULAR formats are characterized by
vectorized lines containing a time stamp and states for all pins in a
tabular listing. In the second example above, comment lines begin
with a * character and are ignored. Up to 20 different line format
strings may be defined. VCAP uses these as templates for
interpreting each line in the vector file. Each format string can be
up to 255 characters long. See Appendix B also for invoking
canned readers.

TERMINATE TIME [=]n; or
TERMINATE LINE [E] m; or
TERMINATE STRING [=] 'string " ;

nis a positive timem is a positive integer line number astdng
is an ASCII character string.

SRC_BLOCK and/or REF_BLOCK.
TERMINATE TIME 340000;
TERMINATE LINE = 435;
TERMINATE STRING =".EOP";

The TERMINATE command defines where in the vector file being
loaded, to stop reading when using the User-programmed reader.
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TIME_OFFSET
USAGE:
WHERE:
BLOCK:

EXAMPLES:

DESCRIPTION:

WAVE_FORMAT
USAGE:
WHERE:
BLOCK:

EXAMPLES:

DESCRIPTION:
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VCAP can be instructed to stop when a certain time, line number
or character string is reached. If no TERMINATE command is
present, VCAP will read and process data to the end of the file.

TIME_OFFSET [=h;
n may be a positive or negative number.
SRC_BLOCK and/or REF_BLOCK.

TIME_OFFSET 1200 ;
TIME_OFFSET = -50000 ;

When VCAP is reading the simulation data from a vector file, the
time stamp can be offset by an arbitrary amount. This command
specifies that amount and is directly added to the time stamp. If
the resulting time stamp is negative then that vector is ignored.
Only vectors with positive time stamps will be accepted and
processed.

WAVE_FORMAT [=] 'format #1" [, .. "format #n"] ;
format #n is a text string containing $keywords.
SRC_BLOCK and/or REF_BLOCK.

WAVE_FORMAT "wfm $pins (@$atime ns=$states)",
" (@%atime ns=$states)" ;
WAVE_FORMAT " $pins : =", " $states AT $atime NS;";

The simulation data contained in the vector file being read can be
formatted in one of three general formats. These are SCRIPT ,
TABULAR and WAVE. WAVE formats are characterized by
simulation data which is organized by pins, rather than time, at the
top level. In this format, each pin or bus is listed with all state
transitions, before the states for the other pins are listed. The first
example above would read a Viewsim wfm file, where all data is
binary, and the second example would read a UDL/I format file.
Up to 20 different line format strings may be defined. VCAP uses
these as templates for interpreting each line in the vector file. Each
format string can be up to 255 characters long.
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WHITESPACE

USAGE:

WHERE:

BLOCK:

EXAMPLES:

DESCRIPTION:
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WHITESPACE [=]a, b, ¢, .. 1';
a, b, c, ..n are ASCII characters or '\n'.
SRC_BLOCK and/or REF_BLOCK.

WHITESPACE '<', "',
WHITESPACE ="' '-' 'A',"\n";

This command defines those characters in the vector file being
loaded that are to be treated as though they are space, i.e. they are
to be ignored. Default WHITESPACE characters include spaces
and tabs. Up to an additional 16 characters can be added to this
list. The special \n' character can be included in the whitespace
list to tell VCAP that vector data spans multiple lines in the file.
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APPENDIX B - VREAD CANNED READERS

Due to the wide variety of simulator and tester (or other sources) data formats typically encountered in today's
design environment, VTRAN and VCAP attempt to provide the user with a flexible mechanism for reading this data.
This mechanism includes a set of powerful format description constructs for describing the format of the data for
translation, comparison or analysis. Often this data is in a form which does not contain sufficient information to
read the file - for example, sometimes there are no pin names or radix information. While VTRAN's and VCAP's
User Programmed Reader format approach enables the user, in the vast majority of cases, to read almost any flat
data file, it also places some burden for specifying the details of the format on the user. As a minimum, the user
must specify all of the pin names in the data file, and construct a set of FORMAT strings for reading their state data.
There are, however, a number of simulator data formats which do contain all (or at least most) of the information
necessary to extract the state/time information from them. For these, VTRAN and VCAP can access a set of canned
readers which minimize the information necessary in the command file. The canned readers also provide the
capability of reading several popular higher-level vector formats which could not be handled by the User
Programmed Reader which primarily deals with flat data. These canned readers are grouped in separate program
modules named VREAD*.BIN which are included with the release software.

The canned readers are activated with the TABULAR_FORMAT, SCRIPT_FORMAT and WAVE_FORMAT
statements by simply specifying the reader name instead of a quoted format string. For example:

TABULAR_FORMAT wgl ;

will invoke the TSSI WGL format reader. In most cases, the information required in the command file can be
greatly reduced for canned readers - a simple example for a VTRAN command file might be:

OVF_BLOCK
BEGIN
ORIG_FILE "input.vec";
TABULAR_FORMAT wgl ;
END;

TVF_BLOCK
BEGIN
TARGET_FILE "new.vec";
SIMULATOR vhdl_tb ;
END;

END;

Here, all of the pin name and direction information is extracted from the WGL formatted data file. The only
additional information occasionally required in the command file for a canned reader is pin direction information (if
not contained in the vector file) and any processing which is desired to be done. Each canned reader makes certain
assumptions about the direction of pins (Input, Output or Bidirectional) that it reads in the OVF, Source or
Reference file. These assumptions are stated in the section describing each reader below. If we want to modify
these assumptions, then the pins must be listed in the OVF_BLOCK (for VTRAN), SRC_BLOCK or REF_BLOCK
(for VCAP) under the appropriate INPUTS, OUTPUTS or BIDIRECTS statement.

The following sections describe canned simulation data readers available with this software Release. Additional

canned readers are planned for inclusion with successive major and minor releases of this software - check the
README file that accompanies the software for the latest information on new canned readers.
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DAZIX
INVOCATION: TABULAR_FORMAT dazix_tv; (Time-Value)
or
TABULAR_FORMAT dazix_sv; (Snhap-Vector)

PINS: All pins read from the data file by the canned reader are assumed to be Inputs - any pins
which are not Inputs should be listed in the OVF, SRC or REF_BLOCK as OUTPUTS or
BIDIRECTS.

NOTES: This canned reader can load simulation data from a DAZIX VLAIF formatted file. The first option
(dazix_tv) is for reading Time-Value data, while the second is for Snap-Vector data (CYCLE must be defined for
this one).

EPIC_OUT
INVOCATION: SCRIPT_FORMAT epic_out;
PINS: Pins read from the OVF file are assumed to be inputs. If any pins are

BIDIRECTS or OUTPUTS, these must be declared as such in the command file. If no
pins are declared in the command file then all data from the OVF file will be processed.
Otherwise only data for pins declared in the command file will be processed.

NOTES: Analog voltage data is converted into one of three strong-drive digital states. The voltage thresholds used
are derived from the Epic keywords: .high_threshold and .low_threshold. Analog pins are Epic names surrounded
by 'v())'. Analog buss pin names much be enclosed by single quotes when appearing in the command file. Analog
currents are not translatable.

The state characters, along with their meanings, returned from the reader are as follows:

logic '0', strong drive

logic '1', strong drive

logic Undefined, strong drive

logic '0', high impedance drive

logic '1', high impedance drive

logic Undefined, high impedance drive
logic '0', bidir driven by circuit

logic '1', bidir driven by circuit

logic Undefined, bidir driven by circuit
logic Unitialized

N<H4ZNICHrOo

If the file contains bidirectional pins, and was generated with the EPIC command "check_biput_drive", then the
separation of input from output data can be accomplished as follows:

BIDIRECT_STATES input 0,1,U,L,H,Z,?, default Z,
output N,T,Y, default Y,

Otherwise, a BIDIRECT_CONTROL command may need to be used. Next, use the STATE_TRANS command to
map these to the desired states for the target vector format.

EPIC_VEC
INVOCATION: TABULAR_FORMAT epic_vec;
PINS: If the EPIC command file is specified as the ORIG_FILE, then all of the pin
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information is extracted from this command file, and the .vec file itself, including pin
names and directions. Since EPIC .vec files have bidirectional data already
separated between input and output, the data returned from the reader has this
separation already done. If no EPIC command file is available, the .vec file
should be specified as the ORIG_FILE and all of the pins in the .vec file must be
specified in the VTRAN command file OVF_BLOCK. The number of pins, and their
order must match exactly the columns in the .vec file. If the .vec file has an "io"
statement, pin directions will be determined by this statement.

NOTES: The EPIC_VEC reader will only recognize the following commands in the EPIC command file:

(is=vec) . ..
(is=vec_chk) . ..
(is=nswt) . . .

Any other command line will cause it to terminate. State characters returned from the reader to Vtran are as follows:

INPUT STATES

drive to logic '0'

drive to logic '1'

drive to logic '0’
resistive drive to logic '0’
resistive drive to logic '1'
float to high-impedance
drive to logic 'O’

XNTrrCrO

OUTPUT STATES

expect logic ‘0’

expect logic '1'

don't care

expect resistive '0'
expect resistive '1'

don't care

expect logic '0' from biput
expect logic '1' from biput
don't care

don't care

don't care

XVN<H4ZNIrCro

The STATE_TRANS command should be used in the PROC_BLOCK of the Vtran command file to map these state
characters to those desired for the Target format.

FTDL
INVOCATION: TABULAR_FORMAT ftdl ;
PINS: All pin information including pin names and pin directions are extracted from the FTDL

file and therefore do not need to be specified in the OVF_BLOCK of the vtran command
file. For Bidirectional pins, the data is automatically separated into input and output (.O)
portions during read. When a bidirectional pin is in input mode, the output (.O) version
is set to an 'X' state, when it is in an output mode, the input version is set to a 'Z' state.
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NOTES: This reader reads Fujitsu's FTDL data format. The following FTDL syntax limitations currently apply:

FUNCTIONAL test vectors only - DELAY, RAM and DC not supported
VECTOR format only - WAVE format not supported

SCAN data not supported

The following timing types are supported: DT, PP, NP, STB, PP2, NP2

Input states are 1, 0, Z (P & N are automatically mapped to 1, 0) and output states are L, H, Z, X. Use the
STATE_TRANS command to map these as needed for the target format.

IMS Memory
INVOCATION: TABULAR_FORMAT ims_mem,;
PINS: This canned reader requires two files. The vector file, specified as the ORIG_FILE,

contains the IMS Memory vectors. The second file, specified as the AUX_FILE,

contains setup information. All pin information is extracted from the setup file including
pin names and direction. Bidirectional pins will automatically have their 1/0O data
separated by the canned reader. When a bidirectional pin is in input mode, the output
(.O) version is set to an 'X' state, when it is in an output mode, the input version is set to a
'Z' state.

NOTES: The current release handles all IMS Memory format and setup file instructions except for the following:
a) EQUATION is not supported (its ignored).
b) Only 1X Timing formats supported, no 2X or 4X support (they are flagged as an error)
¢) CALIBRATE is not supported (its ignored);

When translating an IMS Memory file, vtran automatically inserts the timing specified to produce a print-on-change
(event-driven) file. If the target simulator requires cycle-based data, then use the SEPARATE_TIMING command
in the PROC_BLOCK of the vtran command file.

The IMS Memory vectors are generated with the IMS Automatic Pattern Translator (APT) tool from an IMS binary
pattern data file. The IMS setup file should also be generated by the IMS Test System.
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LSIM (Mentor LSIM)

INVOCATION: TABULAR_FORMAT Isim;
or
TABULAR_FORMAT mentor_lsim;
PINS: All pin names and pin direction information is extracted from the LSIM vector file

directly, it is not necessary to declare them in the OVF_BLOCK of the vtran command
file. If any pins are declared in the command file then only data for those pins will be
processed from the OVF file. If no pins are declared in the command file then all data
from the OVF file will be processed. If pin directions conflict then an error message will
be generated. State data for bidirectional pins is separated automatically between the pin
and pin.O versions by the reader. When a bidirectional pin is in input mode, the output
(.0) version is set to an 'X' state, when it is in an output mode, the input version is set to a
'Z' state.

NOTES: Time offset for individual pins (i.e.. "<pin_name>(to=n)" syntax) is supported for inputs, outputs or
bidirectionals. For "to=max", the state change will be offset to a time one less than the next vector time. Where two
adjacent OVF vectors differ by a time less than the time offset, a warning message is issued and the time of state
change will be decreased to the later vector time minus one. Time offsets for the final vector are processed
assuming the next vector would have had the same time increment as the previous vector.

If no STATE_TRANS or STATE_TRANS_GROUP commands are specified in the processing block then state
characters are passed from the OVF file into the TVF file without transformation. The usual Lsim state characters
consist of:

Character Meaning

OorL Driven LOW
lorH Driven HIGH
X Driven UNKNOWN
I Charged LOW
h Charged HIGH
X Charged UNKNOWN
zorZ Do not force or compare
. Don't care
? Uninitialized
and do not have special meaning to Vtran. The characters: ';', '>', '#, '[*, "*[' cannot be used as state characters.

Two styles of comments are allowed anywhere in the LSIM file. Shell style comments are delimited by a #
character and end-of-line. C-style comments are delimited by /* and */. Comments appearing on the same line as
valid vector data are moved onto a line just prior to that data. Comments can be enabled to the Target Vector File
using the COMMENTS command in the TVF_BLOCK of the vtran command file.
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MEF (Mitsubishi) Files

INVOCATION: SCRIPT_FORMAT mef;
or
TABULAR_FORMAT mef:
PINS: All pin information is derived from the header information in the MEF file including pin

names and directions. Bidirectional pins have their data automatically spilt between
input and output data if a BIDIR_CNTL statement is in the MEF file. When a
bidirectional pin is in input mode, the output (.O) version is set to an 'X' state, when it is
in an output mode, the input version is set to a 'Z' state.

NOTES: This canned reader has the following limitation, relative to the MEF syntax: the maximum length of
signal names is limited to 127 characters. Also, the reader does not support timing-on-the-fly for strobing output
data. State characters returned by the reader are those defined in the VALUE_MAP of the vector file; use the
STATE_TRANS command to further map these for desired target simulator states.

MENTOR FORCe FILES
INVOCATION: SCRIPT_FORMAT mentor_force;

PINS: All pins read from the OVF file are assumed to be inputs. If any pins are BIDIRECTS or
OUTPUTS, these must be declared as such in the command file. If no pins are declared
in the command file then all data from the OVF file will be processed. Otherwise only
data for pins declared in the command file will be processed.

NOTES: This canned reader was previously a separately priced option for vtran, but is now included with the basic
product. It will read Mentor FORCe force files including essentially all of the high-level language features. It
recognizes System variables $arg_1 thru $arg_9 and $ret_val used when passing parameters to and from DO
marcos. The Mentor commands recognized by XMENF include the following:

ASSERT ASSIGN CLOCK PERIOD DECLARE
DEFINE BUS DEIMENSION DO ELSE
ELSEIF END EXIT LOOP EXIT MACRO
FORCE FORGET FORCE IF INPUT
LOOP RUN STOP RADIX

When the reader encounters a command which it does not recognize, this command is placed in a file named
xmenf.mis.# which can then be reviewed after the translation. A copy of all RUN commands is also placed in this
file.

During translation, the reader makes the following state strength mappings (where abcd represents some arbitrary
hex state data):

abcdZ -> 7777
abcdi -> XXXX
abcdsS -> abcd
abcdR -> abcd

If these are not appropriate for the target simulator, use the STATE_TRANS command for desired translations.
Mentor System Functions - the majority of which are used for non-stimulus generating tasks, or for talking to the
simulator which is assumes is currently running - are not supported by this reader. When it encounters any of these
functions, it issued a warning on the screen. Whenever the reader encounters what it thinks is an error, it terminates
with an error message and the line number at (or near) which the error was found.
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MENTOR LOG FILES
INVOCATION: SCRIPT_FORMAT mentor_log ;

PINS: Pins read from the log file are assumed to be inputs. IF any of the pins are BIDIRECTS
or OUTPUTS, these must be declared as such in the command file. Mentor log files use
a number of state characters to indicate logic level and strength of a signal. These
typically need to be mapped using STATE_TRANS commands during translation
(VTRAN) or prior to comparison (VCAP).

QSIM (Compass Design)

INVOCATION: TABULAR_FORMAT gsim;
or
TABULAR_FORMAT compass_gsim
PINS: All pin names and pin direction information is extracted from the LSIM vector file

directly, it is not necessary to declare them in the OVF_BLOCK of the vtran command
file. If any pins are declared in the command file then only data for those pins will be
processed from the OVF file. If no pins are declared in the command file then all data
from the OVF file will be processed. Conflicting pin directions between the command
file and OVF file are not allowed. State data for bidirectional pins is separated between
pin and pin.O by the reader. When a bidirectional pin is in input mode, the output (.O)
version is set to an 'X' state, when it is in an output mode, the input version is set to a 'Z'
state.

NOTES: When reading a QSIM file, vtran ignores some of the commands it finds in the file. These are placed in a
file whose default name is"_gsim.mis.#" but can be changed to any desired name with the AUX_FILE command.
Qsim commands skipped by Vtran and placed in this file are :

AFTER ALIAS BEFORE CAPACITANCE
CAPACITOR CHECKPOINT CHIPPARMS CLOCK

EQUIV node_name EVENT INSTANCES
JOIN LOAD TTY LOAD (options) cell instance_name
LINELIMIT MANAGER MODE MODELOPTIONS
MODULE NAMES NODE OPTIONS
OUTPUT POWER PREFIX PREPROCESS
RADIX REQUEST RESET RISEFALL
SETCAP SHOWGATE SHOWRISEFALL SHOWVECTOR
SIMPARMS STATUS STROBE SWITCH
SYNONYMS TEST (options) TEST name value mask command
TOGGLES TRACE TRANSISTOR TRANSLATE
UNWATCH VIEW WATCH WAVE

Qsim commands for which Vtran takes action are:

ALIAS alias_name . ALIAS alias_name substitution

BUS bus_name[lb:rb] CHARGED *

CHARGED logic_value node_list CHARGED vector_value vector_name
CLOCK node_name cycle_spec CLOCK (PRIMARY) node_name cycle_spec

CLOCK node_name non-repeat_spec ; cycle_spec
CLOCK (PRIMARY) node_name non-repeat_spec ; cycle_spec
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CLOCK node_name . CYCLE number_cycles

ECHO message EQUIV node_name new_name
EXIT EXTERNAL INPUT node_list
EXTERNAL OUTPUT node_list EXTERNAL BIDIRECTIONAL node_list
FORCED logic_value node_list FORCED vector_value vector_name
H node_list INPUTS logic_value node_list
INPUTS vector_value vector_name L node_list
LOAD command_file PHASE number_phases
POP POP (TOP)
QUIT RENAME old_name new_name
SET STEP duration
STEP (DEFER-CLOCKS) duration TEST name value
TEST name value mask TIME
U node_list VECTOR vector_name node_list
VECTOR vector_name[lb:rb] node_list
VECTOR vector_name[lb:rb] Z node_list

Aliases predefined within Vtran:
S ==STEP SV == SET INPUT VECTOR
T =TIME SIV == SET INPUT VECTOR

The specification for Qsim was taken primarily from the January 1992 Qsim Manual. In addition the Mixed-mode
simulator commands: EXTERNAL, SET, SV, and SIV are supported. Commands and names in Qsim are case
insensitive. Any text following the pound sign '#, is considered a comment and passed to the vtran output if
COMMENTS are enabled.

If no STATE_TRANS or STATE_TRANS_GROUP commands are specified in the processing block then state
characters generated from the Qsim file are passed into the TVF file without translation. The default Qsim state
characters consist of:

Character Meaning

Driven LOW

Driven HIGH

Driven UNKNOWN
Charged LOW
Charged HIGH
Charged UNKNOWN
Output pin masked
Uninitialized

'\)BN""(.DCHO

The "CHARGED *" command forces all bidirectional input pins to a charged unknown state.

The TEST command pulses (windows) the state of the pin(s) specified. The pin(s) return to the masked 'm' state at
the next time advance.

Only one Equivalent name is supported per pin name.
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QUICKTURN QUEST FILES
INVOCATION: TABULAR_FORMAT quest;

PINS: All pin information is extracted from the QUEST (CBC) vector file including pin names
and pin direction. Bidirectional data is automatically separated into input and output (.O)
data.

NOTES: State characters returned by the reader are as follows:
Inputs 0, 1, X, Z

Outputs L, H, X
Use the STATE_TRANS command to further map these for desired target simulator states.

QUICKTURN QVBF FILES
INVOCATION: TABULAR_FORMAT qvbf;

PINS: All pin information is extracted from the QVBF binary vector file including pin names
and pin direction. Bidirectional data is automatically separated into input and output (.O)
data.

NOTES: State characters returned by the reader are as follows:
Inputs 0, 1, X, Z

Outputs L, H, X
Use the STATE_TRANS command to further map these for desired target simulator states.

Tl TDL_91 FILES
INVOCATION: TABULAR_FORMAT tdl_91;

PINS: All pin information is extracted from the tdl_91 file including pin names and pin
direction. Bidirectional data is automatically separated into input and output (.O) data.
NOTES:
The reader supports all of the TDL_91 (Thru Release 5.0) syntax except for the MUX_PIN command. Scan data is
flattened-out during reading. Pin states returned by the reader are:
For inputs and bidirects-
H L Y,ST,F
For outputs and bidirects-

0,1,Z M,A X
The clock pins state "C" is mapped to 'H' for return-to-zero (RZ) clocks and 'L’ for return-to-one (RO) clocks.
STATE_TRANS commands should be used to map these tdl_91 states to the desired states in the target simulator
syntax.

All pin timing information is also extracted from the tdl_91 file. This timing information is passed-on to the
PROC_BLOCK (of vtran) for pin timing generation. If the target file is a cycle-based format (e.g. WGL or TSTL2)
where timing is contained in a header, then the SEPARATE_TIMING command should be used in the
PROC_BLOCK to keep the timing from being incorporated in the vectors themselves.
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TDS (TSSI ASCII)
INVOCATION: TABULAR_FORMAT tds;

PINS: Pin name and direction (Input, Output or Bidirectional) information must be derived from
a separate file called a Signal Definition File (.sdf). The name of this file is specified
with a dedicated AUX_FILE command in the OVF_BLOCK of the VTRAN command
file. An example would be:

ovf_block
orig_file "tds_file.vec";
aux_file "tds_file.sdf";
tabular_format tds;

NOTES: Bidirectional data is automatically separated into input and output portions during read-in. For
bidirectional pins, when input data is read the output (.O) portion is set to an 'X' character state. Likewise, when
output data is read it is assigned to the .O pin version and the input version is assigned a 'Z' state character.

TOSHIBA TSTL2
INVOCATION: TABULAR_FORMAT tstl2 ;

PINS: All pin names and direction (Input, Output or Bidirectional) information is extracted
directly from the file. For VTRAN, timing information is also extracted directly from the
file and re-incorporated into the vectors. This can be inhibited by the
SEPARATE_TIMING command if the Target Vector File separates timing from vector
data as does a TSTL2 file. Bidirectional data is automatically separated into input and
output portions during read-in.

NOTES:This reader does not support the following TSTL2 language features:

SEQUENCE - Ignored by the reader; the TESTPATT blocks (if more than one) are applied in the
sequence they are encountered.
COMPATT - This data format is not supported.

All other TSTL2 language features are supported including REPEAT loops, SUBPATT blocks, CONST declarations
and multiple TIMESETS. Both Binary and HEX data formats are supported. For bidirectional pins, when input

data is read the output (.O) portion is set to an 'X' character state. Likewise, when output data is read it is assigned to
the .O pin version and the input version is assigned a 'Z' state character.

In a VTRAN command file, if no other timing-related commands are specified in the PROC_BLOCK then the
timing specified in the TSTL2 file TIMESET commands will be applied to the vectors; including the use of multiple
TIMESETS under control of the ENABLE command. The VREAD1.BIN canned reader builds a file named

" vreadl.tim" which contains this timing information. For VTRAN, the user can keep the timing out of the vectors
(some simulators and most testers require this) by specifying SEPARATE_TIMING in the command file. In
addition, when using VTRAN, the user can over-ride the timing in the TSTL2 file by specifying PINTYPE
commands in the VTRAN command file.

VALID
INVOCATION: TABULAR_FORMAT valid ;
PINS: For Valid Primary 1/O files, all pin information including pin names and pin directions
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are extracted from the Valid Tabfile. For Bidirectional pins, the data is automatically
separated into input and output portions during read. For Valid tabfiles not containing pin
direction information, this must be supplied using INPUTS, OUTPUTS and BIDIRECTS
commands in the VTRAN command file OVF_BLOCK (SRC or REF_BLOCK for

vcap).

NOTES: This reader reads simulation data files produced by Valid's (now Cadence) Validsim or Rapidsim in tabfile

format. Input states are 1, 0, Z, U and output states are H, L, Z, X. Use the STATE_TRANS command to map
these as needed for the target format.

VERILOG VCD

INVOCATION: SCRIPT_FORMAT verilog_vcd;
or
SCRIPT_FORMAT verilog_vcd_f; (or verilog_ved_fq)
PINS: Pins read from the OVF data file by the canned reader are assumed to be Inputs if they

are declared as a REG and Outputs if declared as a WIRE in the file. If there are any pins
for which this assumption is not valid, then all pins should be listed in the OVF_BLOCK
(SRC or REF_BLOCK for vcap) as INPUTS, OUTPUTS or BIDIRECTS. Pins not listed
will be ignored.

NOTES: This canned reader can read simulation data from a Verilog VCD dump file. This is a fairly popular and
compact file format for saving Verilog simulation results. The verilog_vcd_f version maintains full hierarchical
path names during the translation, while the verilog_vcd_fq option also removes redundant signals.

WGL
INVOCATION: TABULAR_FORMAT wgl ; (timing imbedded)
or
TABULAR_FORMAT wgl_cycle [-SCAN] ; (cycle vectors only)
or
TABULAR_FORMAT wgl -allow_in_names"/_";
PINS: All pin information including pin names and pin directions are extracted from the WGL

file. For Bidirectional pins, the data is automatically separated into input and output
portions during read.

NOTES: This is a reader for TSSI's WGL format. The WGL language syntax is fully supported with the following
exceptions:

Multiplexed Signals
Any Tester-related commands (these are ignored)
binary data

This interface can handle both standard parallel vector data and scan data formats, which it flattens out unless the -
SCAN parameter is specified. WGL states are 1, 0, X, Z on both input and output pins. Use the STATE_TRANS
command to map these as needed for the target format.

The -ALLOW _IN_NAMES parameter tells the vtran WGL reader to allow any of the quoted characters as first
characters in a signal name. According to strict WGL syntax, all identifiers (including signal names) must begin

with an alphabetic character unless the identifier is quoted. However, some tools in use today which generate WGL
files do not strictly adhere to this - names such as /top/pinl or _out_gnd are not uncommon. The -

VCAP USER’S GUIDE Page B-11



ALLOW_IN_NAMES parameter allows the user to specify the allowed first characters, in addition to the
alphabetics, which can be used in signal names.

WIF
INVOCATION: SCRIPT_FORMAT wif, [-KEEP_SIGNALS] ;

PINS: All pin information including pin names and pin directions are extracted from the WIF
file. For Bidirectional pins, the data is automatically separated into input and output
portions during read. This reader only supports WIF files which use STANDARD Logic
(MVL9) logic state characters. Also, all pins must be defined as ports oifntymet or
inoutin the design. Any pins not defined as one of these is ignored by the canned reader
and a warning is generated. If you wish to include some of these ports (for example those
defined asignalg then the optional flag -KEEP_SIGNALS can be specified.

NOTES: This is a Synopsys VSS simulation data file reader. The WIF files are in binary format. These data files
are event-driven (print-on-change) data files. For bidirectional pins, when input data is read the output (.O) portion
is set to a 'Z' character state. Likewise, when output data is read it is assigned to the .O pin version and the input
version is assigned a 'Z' state character. When a driving conflict is found on bidirectional pins, the state '?' is
assigned to both input and output versions. When creating the WIF file, you must use both a 'trace’ and a 'trace -b’
on bidirectional pins. This causes VSS to place all of the information in the WIF file necessary to separate input
from output data on these bidirectional pins.
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APPENDIX C - INTERMEDIATE VECTOR FILE (IVEF) FORMAT

All  Source Il Simulation Data Management products utilize the file format defined in this
specification for the storage of intermediate data files during vector generation, translation and
analysis. The format is referred to as the Intermediate Vector File (IVF) format. VGEN
generates a file in this format as an intermediate step, prior to formatting vectors for the target
simulator. The file can be saved for viewing or later use with the KEEP_IVF command.
VTRAN also uses this file format for intermediate data storage after loading and processing the
Original Vector File. Again, the file can be saved for later use or viewing with the KEEP_IVF
command. For both VGEN and VTRAN, if no SIMULATOR command is specified, the
resulting output vectors will be in the IVF format. IVF files are similarly used (read) and
generated by VCAP and VTEST in the course of processing their data.

The IVF format is composed of two sections and can be directed to be either a pure ASCII file,
or a compacted file where most of the vector data is compacted into a binary format. The first
section of the file is the header and is always ASCII text. This section contains a UNITS
declaration followed by a pin list and has the following format:

UNITS u
PINS xpinl xpin2 ... xpinn;

where u is either 1, .1, .01 or .001 and x is the integer 0, 1, 2, or3 and defines the pin direction
according to the following rules:

0 - input pin

1 - output pin

2 - input version of a bidirectional pin

3 - output version of a bidirectional pin (.O)

The UNITS value specifies the time units to be applied to the absolute or delta time stamps of the
vector lines which follow. The list of pins is separated by spaces, may span multiple lines and
terminates with a semicolon. Pins which are busses are split out into individual pins with a
single bit vector subscript. For example, the bus ADR[3:0] would appear in the pin list as
"ADR[3] ADR[2] ADR[1] ADR[O]". Bidirectional pins are listed twice; once for the input
version of the pin (using its specified name) and again for its output version (using its specified
name with a .O suffix). A typical IVF header might look as follows:

UNITS .1
PINS Oclk Oad[3] Oad[2] Oad[1] Oad[0] Opinl Opin2
lopl 1op2 1op3 2bus[1] 2bus[0] 3bus.O[1] 3bus.o[0] ;

In the first line the UNITS is specified as .1 meaning that the integer time stamps are tenths. The

next lines define input pins clk, ad[3:0], pinl and pin2; output pins opl, op2, op3; bidirectional
inputs bus[1:0] and the corresponding output versions bus.O[1:0]. The order of the pins in the
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PINS header defines the order of pins in the following vector data of the IVF. The first pin is pin
number 1, corresponding to the first column of the vector data, and so forth.

The second section of the IVF contains the actual vector data. This data is comprised of vector
lines, where each line represents a new time stamp and set of state data for the pins. As
mentioned above, the order of the state data for the pins in each vector is defined by the order of
the pins in the PINS header. The individual vector lines in this section can be in one of three
formats. The first format is shown below:

> "dtime" - "states";

wheredtime is a positive integer number representing the delta time stamp for the state data -
relative to the last vector time, asthtes is a list of characters designating state information for
the pins defined in the header. An example vector might be:

> 160 - 110010122Z7;
A second ASCII vector format which is supported has the following form:
@ "time" - "states";

wheretime in this case is an absolute integer time stamp. The first vector after the PINS header
information in an IVF file is always in one of these two formats. Successive vector data in the
IVF may be either in one of these formats or in an alternate compacted binary format. This
compacted format has the following form:

Adtime (pin/state list)0

wheredtime is a 4-byte (long integer) binary number representing the delta time stamp for the
vector data - stored with the most significant byte first, (pin/state list) is a list of pin number /
state character data sets, and 0 is a binary 0 byte (or 2 bytes) which terminates the pin/state list.
Each entry in the pin/state list is composed of a pin number and a state character. The pin
number may be either 1 or 2 bytes, depending on whether or not the number of pins in the PINS
list is less than 255. When the number of pins is less than 255, a single byte is used for the pin
number. When the number of pins is greater than or equal to 255, two bytes are used with the
first byte being the most significant byte. In this case, the terminating O is also 2 bytes. Pin
numbers start with number 1 (corresponding to the first pin in the PINS header) and hence the 0
byte (or 2 bytes) terminates the list. Each vector line is then terminated with a "newline" (\n in
C). In the compacted format, each vector contains only those pins which have changed state
from the last vector and hence can result in a significant reduction in file size.

The IVF file is the terminated with two left-angle brackets on separate lines:

<
<

Within a single IVF, the vector line types can be intermixed, but the first vector must always be
one of the two ASCII forms.
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