Density Optimization Lab

Density Optimization Lab

Introduction


This lab uses the CALC project to demonstrate how to optimize an XC9500XL device for density.  As described in the course material, there are several ways to optimize for density in an XC9500XL device.  These options, in order of priority, include:

· Use Global Resources for CLK, OE and S/R signals

· Use the Advanced Fitting option

· Use the Optimize for Density option

· Reduce design flattening by decreasing the Collapsing Pterm Limit

· Reduce design flattening by decreasing the Collapsing Input Limit

· Use the KEEP attribute on high fanout nodes

Objective

The purpose of this lab is to provide students the opportunity to fit a design into an XC9500XL device by optimizing for density using these options.  

About the CALC project

The CALC project is a simple multifunction calculator that contains a simple ALU and control circuitry (refer to the CALC Project schematic in Appendix).  Since these optimization techniques apply to all designs, and the performance of the design is irrelevant, discussion of the design features is not necessary.  Note that there are no pin assignments and timing specifications made on the project.

The CALC design was intended to fit into an XC95144XL device, but the goal of this lab is to fit the design into an XC9572XL device.  This will require implementing the design a few times with different implementation option settings.  The design will first be implemented in the XC95144XL device.  Next, it will be implemented in an XC9572XL with no special options selected.  Finally, successful fitting will be obtained when the Pterm Collapse Limit  and  Input Collapse Limit are reduced.
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Figure 1. The Optimization Implementation Options dialog box.

Controlling the Density Options


Clicking on the “Edit Template” button in the “Implementation Options” dialog box enables the user to select some useful Optimization features.

Basic Options

· Asserting the Use Global Clocks, OE’s, and S/R options frees Pterms for use by other functions

Controlling the Advanced Optimization Options
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Figure 2.  The Advanced Optimization Implementation Options dialog box.

Advanced Options

· Asserting the “Use Timing Optimization” option maps the combinatorial logic in the design for speed.  This option is unnecessary if the user has already made sufficient timing specifications.

· Deasserting the “Use Timing Optimization” option maps the combinatorial logic for density.  The goal of optimization will then be to reduce the total number of product terms used by the design.  Remember that optimizing for density, usually means that the overall performance will be slightly lower.  Adjustment of Pterm limit below 90 will not affect fitting when “Use Timing Optimization”  is de-asserted.

· The “Collapsing Pterm Limit” option controls the degree to which a design function is flattened.  Since the Product Term Allocator can borrow up to eighty-five product terms from macrocells in the same function block, it is sometimes useful to increase this limit since it will allow more logic gates to be collapsed together into the same function block.  The caveat to increasing this limit, is that if the project takes full advantage of this option, the design could become harder to fit.  Xilinx recommends using the default of 20 product terms, however, if some of the macrocells are borrowing 15 product terms, consider increasing this number to improve the design performance.  Likewise, consider decreasing the Pterm Limit to improve the density of the design.  

· The “Collapsing Input Limit” option also controls the degree to which a design function is flattened.  Since function blocks can only take up to fifty-four signals (thirty-six signals for the 9500 family) from the FastCONNECT Switch Matrix, decreasing this number limits the Flow Engines capability to flatten the projects' functions and can improve density.  Increasing this option up to 36 or 54 might enable the Flow Engine to further flatten larger functions, and enable performance expectations to be met.  

· “Multi-level Logic Optimization” reduces the total number of logic expressions in a design, and then minimizes each logic expression in order to meet user objectives.  This option reduces the number of levels of logic, and helps minimize the number of macrocells and product terms necessary.  This option is on by default.

Procedure

Opening the CALC project in the c:\95XLlabs directory

1) Open the Foundation Project Manager by clicking on Start -> Programs -> Foundation Series -> Foundation Project Manager.  

2) In the Foundation Project Manager window, click on File -> Open Project.

3) Go to the c:\95XLlabs directory, click on the CALC project, and click on the Open button.

4) In the Foundation Project Manager window, open the Schematic Editor by clicking on its icon.

 Fitting the CALC project in an XC95144XL device

1) While in the Foundation Project Manager, click on the Implementation button to generate an EDIF netlist and to automatically create a new project version.

2) Click on OK, and click on the Run button within the Implement window.  This will start the implementation process and bring up the Flow Engine window.  

3) After the translation is complete, the Project Manager will show the design as the current project.

4) While the design is being processed, monitor the implementation progress through the Flow Engine’s Message window at the bottom of the Flow Engine.  After the Flow Engine has stopped running, click on the OK button.
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To review the rpt file, click on the Report Browser icon on the toolbar.  The information in this report will be necessary to complete the chart and answer the question in the Questions section of this lab.

Fitting the CALC project in an XC9572XL Device

1) Create a new revision of the CALC project in the Project Manager window by clicking on the Project option above the toolbar, then click on Create Revision.  Select the Device XC9572XLTQ100 speed = 5, then click on “OK”. 

2) Click on the Implementation button to generate an EDIF netlist and to implement the next revision of the Calc project in an XC9572XL 

3) Click on OK, and click on the Run button within the Implement window.  This will start the implementation process and bring up the Flow Engine window.  

4) While the design is being processed, monitor the implementation progress through the Flow Engine’s Message window at the bottom of the Flow Engine.  After the Flow Engine has stopped running, click on the OK button.
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To review the rpt file, click on the Report Browser icon on the toolbar.  The information in this report will be necessary to complete the chart and answer the question in the Questions section of this lab.

Fitting the CALC project by Optimizing for Density
1) Implement the CALC project with the Optimization for Density option asserted by deasserting the Timing Optimization option in the GUI. In the Project Design Manager window, click on Implementation button. The Project Manager will prompt for the correct device by bringing up the Implement window.  Make sure that the XC9572XLTQ100-5 device is selected.

2) To Optimize for Density, click on the Implementation Bar and select “Optiminze Density”.  Then click on the Edit Template button in the Options window.  This will bring up the Implementation Options dialog box.  Select the Advanced tab and note that Timing Optimization is deselected.  Click on the OK button in the Implementation Options dialog box.  Click on the OK button in the Options box.

3) Click on the Run button within the Implement window.  This will start the implementation process and bring up the Flow Engine window.  

4) While the design is being processed, monitor the implementation progress through the Flow Engine’s Message window.  After the Flow Engine has stopped running, click on the OK button.

5) Review the rpt file and  use the information in these reports to complete the chart in the Questions section of this lab.

Fitting the CALC project using Timing Optimization and Decreasing the Collapsing Product Term Limit
1) Implement the CALC project with the Optimization for Density option asserted by reeasserting the Timing Optimization option in the GUI. In the Project Design Manager window, click on Implementation button. The Project Manager will prompt for the correct device by bringing up the Implement window.  Make sure that the XC9572XLTQ100-5 device is selected.

2) To Optimize for Density, click on the Implementation Bar and select “Optiminze Speed”.  Then click on the Edit Template button in the Options window.  This will bring up the Implementation Options dialog box.  Select the Advanced tab and note that Timing Optimization is reselected.  Adjust the Product Term Collapse limit to 10.  Adjust the Input Collapse Limit to 15.  Click on the OK button in the Implementation Options dialog box.  Click on the OK button in the Options box.

3) Click on the Run button within the Implement window.  This will start the implementation process and bring up the Flow Engine window.  

4) While the design is being processed, monitor the implementation progress through the Flow Engine’s Message window.  After the Flow Engine has stopped running, click on the OK button.

5) Review the rpt file and  use the information in these reports to complete the chart in the Questions section of this lab.

Optimizing for Density


It is useful to review the process and understand why all the steps recommended at the beginning of the lab were successful.

· Use the Advanced Fitting option
This option is asserted by default.  Since the first implementation in the XC9572 device did not fit, deasserting this option would only make the design larger.

· Use the Optimize for Density option

This option effectively got the design to fit inside an XC9572 device.  However, this fitting obtained only half of the performance found by a better solution.

· Reduce design flattening by decreasing the Collapsing Pterm Limit

This option provided the best solution.  By reducing the “Pterm Limit” to 15 and asserting the Timing Optimization option, the best utilization with very good performance was found.  This is usually the most effective technique since it limits the mapping of the logic into smaller chunks for easier fitting.

· Reduce design flattening by decreasing the Collapsing Input Limit

Since the largest number of Inputs used by any function was 20l, and there are 36 inputs available, reducing this limit was not as effective as reducing the “Pterm Limit”.

· Use the KEEP attribute on high fanout nodes

This option was not attempted since there did not appear to be many high fan-out nets.  To use this attribute, the designer has to know the project very well.

Opening the CALC_GC project in the c:\95XLlabs directory

1) Open the Foundation Project Manager by clicking on Start -> Programs -> Foundation Series -> Foundation Project Manager.  

2) In the Foundation Project Manager window, click on File -> Open Project.

3) Go to the c:\95XLlabs directory, click on the CALC_GC project, and click on the Open button.

4) In the Foundation Project Manager window, open the Schematic Editor by clicking on its icon.

5) Review the clock net.  The output of the AND gate is now available for use by the Global Clock Net.  Please notice the “OBUF” and “BUFG” buffers added at this location.  These buffers force a feedback on a GCK pin and allows for use of the previously used  Pterm Clock terms. 

Fitting the CALC project using Global Clock Net

1) Implement the CALC_GC project with the Optimization for Density option asserted by reasserting the Timing Optimization option in the GUI. In the Project Design Manager window, click on Implementation button. The Project Manager will prompt for the correct device by bringing up the Implement window.  Make sure that the XC9572XLTQ100-5 device is selected.

2) To Optimize for Speed, click on the Implementation Bar and select “Optiminze Speed”.  Then click on the Edit Template button in the Options window.  This will bring up the Implementation Options dialog box.  Select the Basic tab and select “Use Global Clock(s)”.  Click on the OK button in the Implementation Options dialog box.  Click on the OK button in the Options box.

3) Click on the Run button within the Implement window.  This will start the implementation process and bring up the Flow Engine window.  

4) While the design is being processed, monitor the implementation progress through the Flow Engine’s Message window.  After the Flow Engine has stopped running, click on the OK button.

5) Review the rpt file and  use the information in these reports to complete the chart in the Questions section of this lab.

Questions (Answers are in the Solutions section at the end of the lab manual)


XC95144XL
XC9572XL
XC9572XL

Density Optimization
XC9572XL Collapsing Pterm Limit = 15
XC9572XL Global Clk

Number of Pterms Used













Number of Macrocells Used













Max number of Signals Used













Maximum Internal Clk Speed













Maximum Number of Macrocell Levels






1) What fitter warning is issued in the Fitting Report after no fit was found?

Conclusion


In this lab, the Design Manager was shown to have significant features to help fit designs in an XC9500XL CPLD.  In this lab, it was shown that the XC9500XL CPLDs have the ability to provide high utilization while still giving peak performance.  The Density Optimization options were discussed and used to get over 90% percent utilization with only a 15% loss of performance in an XC9572XL device.  
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