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1. Purpose 

The FS2 Logic Navigator OCI (On-Chip Instrumentation) Generator is a software tool designed to aid 
hardware designers in incorporating the FS2 CLAM

�
 IP into designs that utilize an Actel FPGA or 

other device.  The OCI generator supports insertion of FS2 CLAM IP into Verilog and VHDL designs.   

Two related documents, FS2 Off-Chip Logic Navigator™ Instantiation, Simulation and Synthesis 
Guide and FS2 On-Chip Logic Navigator™ Instantiation, Simulation and Synthesis Guide, are 
available as references for designers who wish to incorporate the FS2 CLAM (Configurable Logic 
Analyzer Module) IP blocks manually rather than through the OCI Generator software, or who simply 
wish to understand the requirements of incorporating the FS2 CLAM IP at the HDL source level. 

The function of the OCI Generator is severalfold:   

1) to simplify the interactive selection of signals within a design to connect as inputs to the FS2 
CLAM IP.   

2) to generate instrumented HDL source code that adds trace interfaces and connections to  a 
design’s HDL source and instances and interfaces the FS2 CLAM IP to the designer’s selected 
input and administrative signals 

3) to generate a corresponding configuration (.CLAM) file that allows automates loading the signal 
names into the Logic Navigator GUI. 

2. Known Limitations 

There are some HDL source constructs that the OCI Generator does not support.   It is safe to use 
the OCI Generator on HDL source that contains these constructs, but instances and signals within 
these constructs will not be visible as available signals and will not be available for automated 
hookup to the logic analyzer IP.  Support for some or all of these constructs may be added in the 
future.   

For those cases where OCI Generator does not support automated signal hookup to particular 
signals of interest, this issue can be overcome by manually incorporating the OCI into your design.  
The documents FS2 Off-Chip Logic Navigator Instantiation, Simulation and Synthesis Guide and 
FS2 On-Chip Logic Navigator™ Instantiation, Simulation and Synthesis Guide cover the details of 
manually modifying your HDL to incorporate Logic Navigator OCI. 

The known limitations for Verilog are:  

1. Signals of type real  and time  are currently not selectable for CLAM hookup. 

2. Signal vectors or arrays whose bounds are not expressed entirely in terms of the 
following Verilog elements are not selectable for CLAM hookup:  integer constants, 
integer parameters, standard Verilog operators. 

3. Arrays of instances (and their child instances and signals) are not selectable for CLAM 
hookup. 

4. Dynamically generated instances and signals (e.g. constructed within generate blocks) 
are not selectable for CLAM hookup. 

The known limitations for VHDL are:  

5. Signals with types other than ieee.std_logic_1164.std_logic  and 
ieee.std_logic_1164.std_logic_vector  are currently not selectable for CLAM hookup. 
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6. Signal vectors whose bounds are not expressed entirely in terms of the following VHDL 
elements are not selectable for CLAM hookup:  integer constants, integer generics, 
standard VHDL integer operators.  Expressions more complex than that (including 
function calls) are not currently supported. 

7. Configuration specifications and configuration declarations are currently ignored.  When 
analyzing instantiation relationships between modules, the OCI generator uses the 
default VHDL rules for mapping component instantiations to entities.  Specifically, it 
looks for an entity in the work library with a name that is identical to the component 
name and then uses the most recently seen architecture body that is associated with that 
entity. 

8. Dynamically generated instances and signals (e.g. constructed within generate 
statements) are not selectable for CLAM hookup. 

3. Installation 

The OCI Generator is installed as part of the Logic Navigator installation package.  Please refer to 
the Getting Started document for Logic Navigator installation instructions.   

For Actel designs, the Actel ACTGEN utility is required to be installed and is used by the Logic 
Navigator OCI Generator to create an instance of an on-chip memory block used for on chip trace 
data storage.  ACTGEN is typically installed as part of the Actel Libero suite; please consult Actel 
documentation regarding installation details. For any other design type, the user is responsible for 
creating a compatible memory macro for use with Logic Navigator. 

4. Starting the OCI Generator 

From the Windows Start menu, select Programs -> FS2 -> Logic Navigator OCI Generator.  The 
window shown in Figure 1 should appear. 

 

Figure 1 – OCI Generator window 
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5. Using the OCI Generator 

5.1. Creating a project 

The first step in using the Logic Navigator OCI Generator for the first time is to create a new 
project, that will hold the design’s CLAM IP instantiation configuration and links to the designer’s 
HDL source files.   To create a new project, click the “Create New Project” button shown in 
Figure 1, or activate the File menu and select “New Project”.  A dialog box prompt for the 
location and file name to hold the project settings.   Once a file name has been supplied and the 
dialog box is dismissed, the appearance of the window should change to that shown in Figure 2.  
In the Figure 2 example, a project “tjexe” in directory “c:\RTL\TJDSP” has been created.  The 
tabbed area in the top half of the window will bring up a set of pages where the designer 
interactively defines the project settings – the properties of the desired CLAM instantiation 
(Parameters), the set and configuration of source files that comprise the design to be 
instrumented (Source Files and Root), the set(s) of signals to be connected to the logic analyzer 
inputs (Signal connections) and the generation of the instrumented RTL files (Generate Output). 
The white area in the bottom half of the window displays messages and status when the OCI 
Generator is analyzing source files or generating output. 

 

Figure 2 – New Project 

5.2. Selecting parameters for CLAM IP instantiation  

The first tabbed page of OCI Generator (Figure 2) allows the designer to select the desired 
instantiation parameters of the FS2 CLAM IP.   

In the Trace Memory  section, on-chip refers to the configuration that implements data storage 
and a triggering system entirely within the target device, and with which host software controls 
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the CLAM IP through the Actel FlashPro family of programmer hardware.  Off-chip refers to a 
configuration in which the data storage and triggering systems are implemented in an external 
FS2 Logic Navigator hardware probe, which receives streaming data from the target device.  

The interface types UJTAG or JTAG refers to the type of interface that Logic Navigator uses for 
on chip configuration. UJTAG is specific to Actel FLASH (ProASIC) devices and interfaces to the 
Actel FlashPro. All other applications will require a JTAG interface and JTAG probe. For off chip 
configuration, this interface defaults to a parallel debug port of a width defined by the number of 
signals being traced. 

The Trace width  is the number of signals interfaced to the CLAM for trace.   

The CLAM IP supports the concept of input sets , which are separate sets of signals (the width 
of each set is exactly the trace width) that can be multiplexed onto the CLAM inputs, where only 
a single input set is connected within the scope of a single acquisition.  The designer can select 
the number of input sets supported by his instantiation of CLAM. 

Trace depth is the maximum number of samples that can be stored by on-chip CLAM. 

On-chip CLAM supports a designer-selectable number of distinct event recognizers , counters , 
and trigger states  as elements of its trigger system.  Event recognizers can optionally 
implement edge detection  or level detection.  All of these elements can be used alone or in 
combination to construct simple or complex triggering scenarios at device testing time.   

On-chip CLAM supports a timestamp  of designer-selectable width.  During an acquisition, the 
timestamp is incremented on each clock, and is stored with the sample data. 

For the Off-Chip Trace Memory category, there are a few different CLAM IP configurations: 
clamext1x, clamext2x, and clamext4x. Please refer to the FS2 Off-Chip CLAM™ Instantiation, 
Simulation and Synthesis Guide document for an explanation of these different configurations. 

5.3. Identifying the HDL source files 

OCI Generator will read RTL files and allow selecting signals for attachment to FS2 CLAM IP. 
Either Verilog or VHDL is supported. The user should select the proper type so that the OCI 
Generator can properly read the RTL files. In the case of Verilog, if the source code uses the 
`include  directive to pull in header files, the designer should specify the set of directories that 
the OCI Generator should search for include files.  For Verilog source, the OCI Generator allows 
non-parameterized `define  directives to be defined; a preprocessor definition specified within the 
OCI Generator will override a `define  directive with the same name in the source.   

Figure 3 shows the Source Files  page, in which the source files, include paths, and defines are 
specified.  Use the Add button to add one or more source files to the project.  The example 
project in Figure 3 has had a single source file added to the project.  It is not strictly necessary to 
add all of the design files to the OCI Generator project.  At a minimum, it is necessary to make 
the OCI generator aware of the source file that contains the root module of the design, as well as 
the files that contain any signals that the designer will wish to connect to the CLAM inputs. 

For VHDL source, the order of files in the list can be significant.  For example, assuming that 
files named upper.vhd and lower.vhd are included in a design, if upper.vhd refers to a design unit 
or package declared in file lower.vhd, then lower.vhd should precede upper.vhd in the list of files.  
The Move Up  and Move Down  buttons can be used to change the order of the files. 
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Figure 3 – Source Files page 

5.4. Identifying the Root Module 

Specifying the root module of the user’s design defines the block level for implementing the 
CLAM logic and the on chip destination for routing signals between files and levels of hierarchy. 
for attachment to the CLAM.  Figure 4 shows the Root  page, in which the designer identifies the 
root module by selecting it from the menu button labeled Select root module .  The OCI 
generator displays a list of candidate modules or entity/architecture pairs by analyzing the set of 
HDL files specified on the Source Files page (note the messages in the bottom status area of the 
OCI Generator window).    

One important thing to note is that it is possible that there may be errors reflected in the status 
pane at this stage.  For example, if the include path was not specified in the Source Files page, 
or the source file holding the actual root module was omitted from the project and is therefore 
missing from the list of modules in the menu button, an incorrect OCI implementation may be 
created. The recommended approach is to go back to the Source Files page and make required 
adjustments, and then return to the Root page. In general, the user at any time can go to any of 
the pages to make corrections or updates to an OCI. 
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Figure 4 – Root page  

5.5. Selecting the Inputs to CLAM 

After the source files, OCI parameters and options have been defined, and root selected, the 
signal connections from the design to the OCI much be defined. Figure 5 shows the Signal 
Connections page of the OCI Generator.  On the left side of the page appears the Available 
Signals  tree: a hierarchical tree of instance and signal names as extracted from the set of 
source files that have been added to the project.   On the right side of the page appears the 
Selected Inputs  list, which reflects the set of signals that the designer has selected to connect to 
various CLAM inputs (clock, reset, data inputs, trigger in) and outputs (trigger out, gpreg).  These 
are discussed in detail in the Logic Navigator ISS document. The menu button directly above the 
Selected Inputs  lists which CLAM connection is currently reflected for a given CLAM input; 
changing the menu selection causes the list to update accordingly.  Some of the CLAM inputs 
are mandatory, requiring the designer to specify signal connections for these inputs. (clock)  
Other CLAM inputs are optional (reset, triggers) and need not be associated with signals in the 
user design.  See Appendices A and B for a list of CLAM connection points (ports) for on-chip 
and off-chip CLAM, respectively. 
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Figure 5 – Signal Connections page showing selected  inputs pull down menu 

In the Available Signals tree, the top level of the hierarchy represents the set of signals and 
instances that are directly contained within the root module as identified in step 4.4.  The names 
of hierarchical instances (components) are preceded by the key word INSTANCE. Child 
instances, signal arrays, and signal vectors can be expanded into their contained elements by 
clicking on the (+) symbol to the left of the element’s name.  By expanding the tree in this 
fashion, signals at various hierarchical levels can be reached and selected for connection to the 
FS2 CLAM.  Individual signals appear at the leaves of the tree, and cannot be expanded further. 

The general flow of using the Signal Connections page is: 

1) Using the pull down menu button labeled “Selected Inputs to port: “X””, the designer selects 
the CLAM interface to which he wishes to connect signal(s).  

2) In the Available Signals tree, the designer locates and selects a signal by clicking on the 
appropriate item in the tree.  Multiple contiguous items can be selected by clicking with the 
mouse while pressing the Shift key.  Multiple noncontiguous items can be selected by 
clicking with the mouse while pressing the Ctrl key. 

3) The designer clicks the “Add>>” button to add the selected signal(s) to the selected CLAM 
input.  

4) Repeat at step 1 as required to define all of the signals connected to the CLAM bock. The 
OCI Generator keeps track of the maximum number of signals for each CLAM interfaces, 
and does not allow addition of more signals for a given port than is define in the Parameter 
pages.  

In the Selected Inputs list, signals may be removed using the Remove  button, or reordered 
using the Move Up  and Move Down  buttons. 
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For larger designs the number of signals that are extracted from a design can be significant. The 
Available Signals  tree can be optionally filtered to display only port level signals, only registered 
signals (this option is not supported for VHDL), signals matching a particular name with asterisk 
acting as a wildcard, or signal blocks delineated using an FS2 specific source pragma embedded 
in the HDL.  

 

Figure 6 – Signal Connections page showing the Filt ering meu  

For both Verilog and VHDL, occurrences of the comment strings logic_navigator pragma filter 
off  and logic_navigator pragma filter on  within a valid HDL comment (// for Verilog,  - - for 
VHDL) are used to control pragma based filtering.  By default, the pragma setting is considered 
to be “on” at the top of each source file, so only signals bracketed by “filter off” and “filter on” 
pragmas will show up in the Available Signals tree when this particular filter mode is in effect. 

As an example, in the following signal lists, only signals C3, D4, F6, and G7 would be included in 
the signal list 

-- VHDL Example 
Signal A1 : std_logic; 
Signal B2 : std_logic; 
-- logic_navigator pragma filter off 
Signal C3 : std_logic; 
Signal D4 : std_logic; 
-- logic_navigator pragma filter on 
Signal E5 : std_logic; 
-- logic_navigator pragma filter off 
Signal F6 : std_logic; 
Signal G7 : std_logic; 
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-- logic_navigator pragma filter on 
Signal H8 : std_logic; 
 
-- Verilog Example 
wire A1; 
wire B2  
-- logic_navigator pragma filter off 
wire C3; 
reg D4; 
-- logic_navigator pragma filter on 
reg E5; 
-- logic_navigator pragma filter off 
reg F6; 
wire G7; 
-- logic_navigator pragma filter on 
reg H8; 

5.6. Generating the Instrumented HDL Output 

Figure 7 shows the “Generate Output” page of OCI Generator.  All output files are written to the 
output directory appearing in the text field labeled “Directory for output files” (which defaults to 
the directory holding the OCI Generator project file).  In addition, the polarity of the signal 
connection to the OCI reset input can be specified here; an inverter will be added as necessary 
to match the active-low expectation of the OCI. To generate the output files, click the “Go!” 
button. 

 

Figure 7 – Generate Output page 
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Figure 7 shows the Generate Output page after pressing the “Go!” button. After clicking the “Go!” 
button, it is important to pay attention to the status pane at the bottom of the window.  If there are 
any problems generating the output files (e.g. a mandatory CLAM connection that was left 
unspecified), problems will be reflected in the status pane.  Most problems can typically be 
resolved by adjusting information on the previous pages (tabs) and then returning to the 
Generate Output page and trying again.   

5.7. Saving the Project 

It is highly recommended that you save your OCI Generator project for subsequent use.  Save 
the project by using the Save Project option under the File menu.  If you exit the OCI Generator 
without saving your project changes, a prompt will appear to offer another chance to save the 
project before exiting. 

6. Running Batch Mode 

Once a project file has been created and tested interactively in the OCI Generator, it is possible to 
re-generate the instrumented HDL output later in a batch context.  This might be useful, for example, 
when incorporating the OCI generation step in automated build processes and/or command line 
environments.  For this purpose, an executable named OCIGEN-BATCH.EXE is included with the 
installation, and the software installation modifies the system PATH environment variable to include 
the directory that holds this utility. OCIGEN-BATCH accepts a single command line parameter: an 
OCI Generator project file.   When invoked in this way, OCIGEN-BATCH carries out the equivalent 
of the “Go!” button of the interactive OCI Generator, using the instantiation parameters, source files, 
and signal connections captured in the supplied project file. 

Figure 8 shows a sample invocation of OCIGEN-BATCH within a command prompt window.  

 

Figure 8 – Sample invocation of ocigen-batch 

It is also possible to launch the interactive (GUI) version of the OCI Generator from the command 
line using the OCIGEN command.  OCIGEN accepts an optional command line parameter, an OCI 
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Generator project file, which causes the OCI Generator to immediately load the specified project file 
(instead of requiring that the user open the project manually). 

7. Characteristics of the Generated RTL file output  

The OCI generator does not modify any of the design’s existing source files.  It generates one or 
more instrumented modules, each in its own output file for each module that includes a signal that is 
interfaced to the CLAM including any intermediate levels of hierarchy between the signal and the 
OCI root.  An instrumented module is identical to the original module with the following exceptions: 

- in the case of the root module, the corresponding generated module contains an instantiation of 
FS2 CLAM IP, an instantiation of a memory block used by CLAM (in the case of on-chip CLAM 
only), as well as administrative signals and structural assignments necessary to attach user 
signals to the CLAM. 

- in the case of any non-top-level module that (either directly or indirectly through a chain of 
hierarchical child instantiation relationships) contains signals to be attached to FS2 CLAM, the 
corresponding generated module contains additional administrative signals, ports, and structural 
assignments necessary to propagate the traced signals to the root level of the hierarchy. 

For on-chip CLAM, the name of the instrumented root module is the name of the corresponding non-
instrumented root module with the suffix “_lnavint” appended to it.  For off-chip CLAM, the name of 
the instrumented root module is the name of the corresponding non-instrumented root module with 
the suffix “_lnavext” appended to it.   

In addition to files containing instrumented modules that implement the designer’s connections to the 
CLAM IP, the OCI generator also places into the output directory the files that implement the FS2 
CLAM IP itself. Any file generated by the OCI Generator, whether an instrumented module file or a 
file that is part of the FS2 CLAM IP should be included in synthesis configurations in order to 
implement a correction Logic Navigator OCI implementation. All the files generated by OCI 
generator will appear in the status pane of the OCI Generator window (as seen in Figure  7). 

7.1. The .clam file output 

The OCI generator also generates a .clam file that contains information about the OCI options and 
signals. This .clam file should be loaded to the Logic Navigator GUI prior to running trace operations 
with Logic Navigator to configure the user interface with the descriptive signal names used in the 
RTL files.  If the .clam file is not loaded, all signals will take on a generic name (channel 0, channel 
1, etc.). It is not recommended that the .clam file be manually edited. 
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Appendix A – connection points for on-chip CLAM IP 

 

Name Width Direction Description 
clk 1 In Drive this port with the system clock.  All registers 

within the CLAM module are clocked on the 
positive edge of this clock signal. 

reset_n 1 In Drive this port with an active low reset signal.  This 
is an optional connection.  The registers and state 
machines inside the CLAM are designed to reach 
known values after a few clock cycles without the 
use of a reset signal.  If a user signal is not 
selected for connection, then the OCI generator 
will drive this port with a high signal. 

datain Determined by the 
trace width and the 

number of input 
sets selected by the 

designer. 

In These are the signals that the designer wishes to 
capture when using the CLAM.  In the OCI 
Generator software, assignment to each input set 
is made separately. The OCI Generator does not 
enforce a requirement that all of these inputs be 
associated with user signals, but in general, the 
designer will want to specify connections for these. 

trigout 0 to 32, as 
determined by the 
number of signals 
assigned to this 

connection by the 
designer. 

Out These signals are driven individually by “trigout 
pulse” actions within the CLAM trigger system.   

trigin 0 to 32, as 
determined by the 
number of signals 
assigned to this 

connection by the 
designer. 

In These active high signals connect to the CLAM 
trigger system, allowing them to be used in building 
complex triggering scenarios. 

gpreg 0 to 32, as 
determined by the 
number of signals 
assigned to this 

connection by the 
designer. 

Out This is a general purpose output register that can 
be connected to whatever signals that the designer 
wishes.  The CLAM host software (through the 
hardware used to connect to the target device) 
provides a mechanism to query and set the value 
of this register. 
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Appendix B – connection points for off-chip CLAM IP  

 

Name Width Direction Description 
clk 1 In Drive this port with the system clock.  All registers 

within the CLAM module are clocked on the 
positive edge of this clock signal. 

reset_n 1 In Drive this port with an active low reset signal.  This 
is an optional connection.  The registers and state 
machines inside the CLAM are designed to reach 
known values after a few clock cycles without the 
use of a reset signal.  If a user signal is not 
selected for connection, then the OCI generator 
will drive this port with a high signal. 

datain Determined by the 
trace width and the 

number of input 
sets selected by the 

designer. 

In These are the signals that the designer wishes to 
capture when using the CLAM.  In the OCI 
Generator software, assignment to each input set 
is made separately. The OCI Generator does not 
enforce a requirement that all of these inputs be 
associated with user signals, but in general, the 
designer will want to specify connections for these. 

clk2x 1 In This port appears only on the 2x16 configuration of 
off-chip CLAM.  It is a clock signal generated by a 
PLL which is 2 times the frequency of clk. 

clk4x 1 In This port appears only on the 4x8 configuration of 
off-chip CLAM.  It is a clock signal generated by a 
PLL which is 4 times the frequency of clk. 

 


