

    
      
          
            
  
Welcome to Verilog-to-Routing’s documentation!

Form more information on the Verilog-to-Routing (VTR) project see VTR and VTR CAD Flow.

For documentation and tutorials on the FPGA architecture description langauge see: FPGA Architecture Description.

For more specific documentation about VPR see VPR.
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VTR

The Verilog-to-Routing (VTR) project [RLY+12][LAK+14] is a world-wide collaborative effort to provide a open-source framework for conducting FPGA architecture and CAD research and development.
The VTR design flow takes as input a Verilog description of a digital circuit, and a description of the target FPGA architecture.

It then perfoms:



	Elaboration & Synthesis (Odin II)


	Logic Optimization & Technology Mapping (ABC)


	Packing, Placement, Routing & Timing Analysis (VPR)







Generating FPGA speed and area results.

VTR also includes a set of benchmark designs known to work with the design flow.
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VTR CAD Flow


[image: ../_images/vtr_flow_fig.svg]
Fig. 1 VTR CAD flow (and variants)



In the standard VTR Flow (Fig. 1), Odin II converts a Verilog Hardware Destription Language (HDL) design into a flattened netlist consisting of logic gates, flip-flops, and blackboxes representing heterogeneous blocks (e.g. adders, multipliers, RAM slices) [JKGS10].

Next, the ABC  synthesis package is used to perform technology-independent logic optimization, and technology-maps the circuit into LUTs [SG][PHMB07][CCMB07].
The output of ABC is a .blif format netlist of LUTs, flip flops, and blackboxes.

VPR then packs this netlist into more coarse-grained logic blocks, places and then routes the circuit [BRM99][Bet98][BR96a][BR96b][BR97b][BR97a][MBR99][MBR00][BR00].
Generating output files for each stage.
VPR will analyze the resulting implementation, producing various statistics such as the minimum number of tracks per channel required to successfully route, the total wirelength, circuit speed, area and power.
VPR can also produce a post-implementation netlist for simulation and formal verification.


CAD Flow Variations


Titan CAD Flow

The Titan CAD Flow [MWL+13][MWL+15] interfaces Intel’s Quartus tool with VPR.
This allows designs requiring industrial strength language coverage and IP to be brought into VPR.



Other CAD Flow Variants

Many other CAD flow variations are possible.

For instance, it is possible to use other logic synthesis tools like Yosys [Wol] to generate the design netlist.
One could also use logic optimizers and technology mappers other than ABC; just put the output netlist from your technology-mapper into .blif format and pass it into VPR.

It is also possible to use tools other than VPR to perform the different stages of the implementation.

For example, if the logic block you are interested in is not supported by VPR, your CAD flow can bypass VPR’s packer by outputting a netlist of logic blocks in .net format.
VPR can place and route netlists of any type of logic block – you simply have to create the netlist and describe the logic block in the FPGA architecture description file.

Similarly, if you want only to route a placement produced by another CAD tool you can create a .place file, and have VPR route this pre-existing placement.

If you only need to analyze an implementation produced by another tool, you can create a .route file, and have VPR analyze the implementation, to produce area/delay/power results.

Finally, if your routing architecture is not supported by VPR’s architecture generator, you can describe your routing architecture in an rr_graph.xml file, which can be loaded directly into VPR.




Bitstream Generation

The technology mapped netlist and packing/placement/routing results produced by VPR contain the information needed to generate a device programming bitstreams.

VTR focuses on the core physical design optimization tools and evaluation capabilities for new architectures and does not directly support generating device programming bitstreams.
Bitstream generators can either ingest the implementation files directly or make use of VTR utilities to emit FASM.





          

      

      

    

  

    
      
          
            
  
Get VTR


How to Cite

Citations are important in academia, as they ensure contributors recieve credit for their efforts.
Therefore please use the following paper as a general citation whenever you use VTR:



	
	Murray, O. Petelin, S. Zhong, J. M. Wang, M. ElDafrawy, J.-P. Legault, E. Sha, A. G. Graham, J. Wu, M. J. P. Walker, H. Zeng, P. Patros, J. Luu, K. B. Kent and V. Betz “VTR 8: High Performance CAD and Customizable FPGA Architecture Modelling”, ACM TRETS, 2020











Bibtex:

@article{vtr8,
  title={VTR 8: High Performance CAD and Customizable FPGA Architecture Modelling},
  author={Murray, Kevin E. and Petelin, Oleg and Zhong, Sheng and Wang, Jai Min and ElDafrawy, Mohamed and Legault, Jean-Philippe and Sha, Eugene and Graham, Aaron G. and Wu, Jean and Walker, Matthew J. P. and Zeng, Hanqing and Patros, Panagiotis and Luu, Jason and Kent, Kenneth B. and Betz, Vaughn},
  journal={ACM Trans. Reconfigurable Technol. Syst.},
  year={2020}
}





We are always interested in how VTR is being used, so feel free email the vtr-users [https://verilogtorouting.org/contact/] list with how you are using VTR.



Download

The official VTR release is available from:


https://verilogtorouting.org/download






Release

The VTR 8.0 release provides the following:


	benchmark circuits,


	sample FPGA architecture description files,


	the full CAD flow, and


	scripts to run that flow.




The FPGA CAD flow takes as input, a user circuit (coded in Verilog) and a description of the FPGA architecture.
The CAD flow then maps the circuit to the FPGA architecture to produce, as output, a placed-and-routed FPGA.
Here are some highlights of the 8.0 full release:


	Timing-driven logic synthesis, packing, placement, and routing with multi-clock support.


	Power Analysis


	Benchmark digital circuits consisting of real applications that contain both memories and multipliers.

Seven of the 19 circuits contain more than 10,000 6-LUTs. The largest of which is just under 100,000 6-LUTs.



	Sample architecture files of a wide range of different FPGA architectures including:



	Timing annotated architectures


	Various fracturable LUTs (dual-output LUTs that can function as one large LUT or two smaller LUTs with some shared inputs)


	Various configurable embedded memories and multiplier hard blocks


	One architecture containing embedded floating-point cores, and


	One architecture with carry chains.









	A front-end Verilog elaborator that has support for hard blocks.

This tool can automatically recognize when a memory or multiplier instantiated in a user circuit is too large for a target FPGA architecture.
When this happens, the tool can automatically split that memory/multiplier into multiple smaller components (with some glue logic to tie the components together).
This makes it easier to investigate different hard block architectures because one does not need to modify the Verilog if the circuit instantiates a memory/multiplier that is too large.



	Packing/Clustering support for FPGA logic blocks with widely varying functionality.

This includes memories with configurable aspect ratios, multipliers blocks that can fracture into smaller multipliers, soft logic clusters that contain fracturable LUTs, custom interconnect within a logic block, and more.



	Ready-to-run scripts that guide a user through the complexities of building the tools as well as using the tools to map realistic circuits (written in Verilog) to FPGA architectures.


	Regression tests of experiments that we have conducted to help users error check and/or compare their work.

Along with experiments for more conventional FPGAs, we also include an experiment that explores FPGAs with embedded floating-point cores investigated in [HYL+09] to illustrate the usage of the VTR framework to explore unconventional FPGA architectures.







Development Trunk

The development trunk for the Verilog-to-Routing project is hosted at:


https://github.com/verilog-to-routing/vtr-verilog-to-routing




Unlike the nicely packaged offical releases the code in a constant state of flux.
You should expect that the tools are not always stable and that more work is needed to get the flow to run.





          

      

      

    

  

    
      
          
            
  
Install VTR


	Download the VTR release


	Unpack the release in a directory of your choice (herafter referred to as $VTR_ROOT)


	Navigate to $VTR_ROOT and run

make





which will build all the required tools.






Warning

$VTR_ROOT should be replaced with the path to the root of VTR source tree on your machine.
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Running the VTR Flow

VTR is a collection of tools that perform the full FPGA CAD flow from Verilog to routing.

The design flow consists of:


	Odin II (Logic Synthesis)


	ABC (Logic Optimization & Technology Mapping)


	VPR (Pack, Place & Route)




There is no single executable for the entire flow.

Instead, scripts are provided to allow the user to easily run the entire tool flow.
The following provides instructions on using these scripts to run VTR.


Running a Single Benchmark

The run_vtr_flow script is provided to execute the VTR flow for a single benchmark and architecture.


Note

In the following $VTR_ROOT means the root directory of the VTR source code tree.
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Benchmarks

There are several sets of benchmark designs which can be used with VTR.


VTR Benchmarks

The VTR benchmarks [RLY+12][LAK+14] are a set of medium-sized benchmarks included with VTR.
They are fully compatible with the full VTR flow.
They are suitable for FPGA architecture research and medium-scale CAD research.


Table 1 The VTR 7.0 Benchmarks.

	Benchmark

	Domain





	bgm

	Finance



	blob_merge

	Image Processing



	boundtop

	Ray Tracing



	ch_intrinsics

	Memory Init



	diffeq1

	Math



	diffeq2

	Math



	LU8PEEng

	Math



	LU32PEEng

	Math



	mcml

	Medical Physics



	mkDelayWorker32B

	Packet Processing



	mkPktMerge

	Packet Processing



	mkSMAdapter4B

	Packet Processing



	or1200

	Soft Processor



	raygentop

	Ray Tracing



	sha

	Cryptography



	stereovision0

	Computer Vision



	stereovision1

	Computer Vision



	stereovision2

	Computer Vision



	stereovision3

	Computer Vision






The VTR benchmarks are provided as Verilog under:

$VTR_ROOT/vtr_flow/benchmarks/verilog





This provides full flexibility to modify and change how the designs are implemented (including the creation of new netlist primitives).

The VTR benchmarks are also included as pre-synthesized BLIF files under:

$VTR_ROOT/vtr_flow/benchmarks/vtr_benchmarks_blif







Titan Benchmarks

The Titan benchmarks [MWL+13][MWL+15] are a set of large modern FPGA benchmarks.
The pre-synthesized versions of these benchmarks are compatible with recent versions of VPR.

The Titan benchmarks are suitable for large-scale FPGA CAD research, and FPGA architecture research which does not require synthesizing new netlist primitives.


Note

The Titan benchmarks are not included with the VTR release (due to their size). However they can be downloaded and extracted by running make get_titan_benchmarks from the root of the VTR tree.  They can also be downloaded manually [http://www.eecg.utoronto.ca/~kmurray/titan/].
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Power Estimation

VTR provides transistor-level dynamic and static power estimates for a given architecture and circuit.

Fig. 2 illustrates how power estimation is performed in the VTR flow.
The actual power estimation is performed within the VPR executable; however, additional files must be provided.
In addition to the circuit and architecture files, power estimation requires files detailing the signal activities and technology properties.

Running VTR with Power Estimation details how to run power estimation for VTR.
Supporting Tools provides details on the supporting tools that are used to generate the signal activities and technology properties files.
Architecture Modelling provides details about how the tool models architectures, including different modelling methods and options.
Other Architecture Options & Techniques provides more advanced configuration options.


[image: ../../_images/power_flow.svg]
Fig. 2 Power Estimation in the VTR Flow




Running VTR with Power Estimation


VTR Flow

The easiest way to run the VTR flow is to use the run_vtr_flow script.

In order to perform power estimation, you must add the following options:



	run_vtr_flow.pl -power


	run_vtr_flow.pl -cmos_tech <cmos_tech_properties_file>







The CMOS technology properties file is an XML file that contains relevant process-dependent information needed for power estimation.
XML files for 22nm, 45nm, and 130nm PTM models can be found here:

$VTR_ROOT/vtrflow/tech/*





See Technology Properties for information on how to generate an XML file for your own SPICE technology model.



VPR

Power estimation can also be run directly from VPR with the following (all required) options:


	vpr --power: Enables power estimation.


	vpr --activity_file <activities.act>: The activity file, produce by ACE 2.0, or another tool.


	vpr --tech_properties <tech_properties.xml>: The technology properties file.




Power estimation requires an activity file, which can be generated as described in ACE 2.0 Activity Estimation.




Supporting Tools


Technology Properties

Power estimation requires information detailing the properties of the CMOS technology.
This information, which includes transistor capacitances, leakage currents, etc. is included in an .xml file, and provided as a parameter to VPR.
This XML file is generated using a script which automatically runs HSPICE, performs multiple circuit simulations, and extract the necessary values.

Some of these technology XML files are included with the release, and are located here:

$VTR_ROOT/vtr_flow/tech/*





If the user wishes to use a different CMOS technology file, they must run the following script:


Note

HSPICE must be available on the users path
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Tasks

Tasks provide a framework for running the VTR flow on multiple benchmarks, architectures and with multiple CAD tool parameters.

A task specifies a set of benchmark circuits, architectures and CAD tool parameters to be used.
By default, tasks execute the run_vtr_flow script for every circuit/architecture/CAD parameter combination.


Example Tasks


	basic_flow: Runs the VTR flow mapping a simple Verilog circuit to an FPGA architecture.


	timing: Runs the flagship VTR benchmarks on a comprehensive, realistic architecture file.


	timing_chain: Same as timing but with carry chains.


	regression_mcnc: Runs VTR on the historical MCNC benchmarks on a legacy architecture file. (Note: This is only useful for comparing to the past, it is not realistic in the modern world)


	regression_titan/titan_small: Runs a small subset of the Titan benchmarks targetting a simplified Altera Stratix IV (commercial FPGA) architecture capture


	regression_fpu_hard_block_arch: Custom hard FPU logic block architecture






Directory Layout

All of VTR’s included tasks are located here:

$VTR_ROOT/vtr_flow/tasks





If users wishes to create their own task, they must do so in this location.

All tasks must contain a configuration file located here:

$VTR_ROOT/vtr_flow/tasks/<task_name>/config/config.txt





Fig. 8 illustrates the directory layout for a VTR task.
Every time the task is run a new run<#> directory is created to store the output files, where <#> is the smallest integer to make the run directory name unique.

The symbolic link latest will point to the most recent run<#> directory.


[image: ../_images/vtr_task_fig.svg]
Fig. 8 Task directory layout.





Creating a New Task


	Create the folder $VTR_ROOT/vtr_flow/tasks/<task_name>


	Create the folder $VTR_ROOT/vtr_flow/tasks/<task_name>/config


	Create and configure the file $VTR_ROOT/vtr_flow/tasks/<task_name>/config/config.txt






Task Configuration File

The task configuration file contains key/value pairs separated by the = character.
Comment line are indicted using the # symbol.

Example configuration file:

# Path to directory of circuits to use
circuits_dir=benchmarks/verilog

# Path to directory of architectures to use
archs_dir=arch/timing

# Add circuits to list to sweep
circuit_list_add=ch_intrinsics.v
circuit_list_add=diffeq1.v

# Add architectures to list to sweep
arch_list_add=k6_N10_memSize16384_memData64_stratix4_based_timing_sparse.xml

# Parse info and how to parse
parse_file=vpr_standard.txt






Note

run_vtr_task will invoke the script (default :ref`run_vtr_flow`) for the cartesian product of circuits, architectures and script parameters specified in the config file.
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run_vtr_flow

This script runs the VTR flow for a single benchmark circuit and architecture file.

The script is located at:

$VTR_ROOT/vtr_flow/scripts/run_vtr_flow.pl






Basic Usage

At a minimum run_vtr_flow.pl requires two command-line arguments:

run_vtr_flow.pl <circuit_file> <architecture_file>





where:



	<circuit_file> is the circuit to be processed


	<architecture_file> is the target FPGA architecture








Note

The script will create a ./temp directory, unless otherwise specified with the -temp_dir option.
The circuit file and architecture file will be copied to the temporary directory.
All stages of the flow will be run within this directory.
Several intermediate files will be generated and deleted upon completion.
Users should ensure that no important files are kept in this directory as they may be deleted.
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run_vtr_task

This script is used to execute one or more tasks (i.e. collections of benchmarks and architectures).


See also

See Tasks for creation and configuration of tasks.
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parse_vtr_flow

This script parses statistics generated by a single execution of the VTR flow.


Note

If the user is using the Tasks framework, parse_vtr_task should be used.
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parse_vtr_task

This script is used to parse the output of one or more Tasks.
The values that will be parsed are specified using a Parse Configuration file, which is specified in the task configuration.

The script will always parse the results of the latest execution of the task.

The script is located at:

$VTR_ROOT/vtr_flow/scripts/parse_vtr_task.pl






Usage

Typical usage is:

parse_vtr_task.pl <task_name1> <task_name2> ...






Note

At least one task must be specified, either directly as a parameter or through the -l option.
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Parse Configuration

A parse configuration file defines a set of values that will be searched for within the specified files.


Format

The configuration file contains one line for each value to be searched for.
Each line contains a semicolon delimited tuple in the following format:

<field_name>;<file_to_search_within>;<regex>;<default_value>






	<field_name>: The name of the value to be searched for.


This name is used when generating the output files of parse_vtr_task and parse_vtr_flow.






	<file_to_search_within>: The name of the file that will be searched (vpr.out, odin.out, etc.)


	<regex>: A perl regular expression used to find the desired value.


The regex must contain a single grouping ( ) which will contain the desired value to be recorded.






	<default_value>: The default value for the given <field_name> if the <regex> does not match.


If no <default_value> is specified the value -1 is used.








Or an include directive to import parsing patterns from a separate file:

%include "<filepath>"






	<filepath> is a file containing additional parse specifications which will be included in the current file.




Comments can be specified with #. Anything following a # is ignored.



Example File

The following is an example parse configuration file:

vpr_status;output.txt;vpr_status=(.*)
vpr_seconds;output.txt;vpr_seconds=(\d+)
width;vpr.out;Best routing used a channel width factor of (\d+)
pack_time;vpr.out;Packing took (.*) seconds
place_time;vpr.out;Placement took (.*) seconds
route_time;vpr.out;Routing took (.*) seconds
num_pre_packed_nets;vpr.out;Total Nets: (\d+)
num_pre_packed_blocks;vpr.out;Total Blocks: (\d+)
num_post_packed_nets;vpr.out;Netlist num_nets:\s*(\d+)
num_clb;vpr.out;Netlist clb blocks:\s*(\d+)
num_io;vpr.out;Netlist inputs pins:\s*(\d+)
num_outputs;vpr.out;Netlist output pins:\s*(\d+)
num_lut0;vpr.out;(\d+) LUTs of size 0
num_lut1;vpr.out;(\d+) LUTs of size 1
num_lut2;vpr.out;(\d+) LUTs of size 2
num_lut3;vpr.out;(\d+) LUTs of size 3
num_lut4;vpr.out;(\d+) LUTs of size 4
num_lut5;vpr.out;(\d+) LUTs of size 5
num_lut6;vpr.out;(\d+) LUTs of size 6
unabsorb_ff;vpr.out;(\d+) FFs in input netlist not absorbable
num_memories;vpr.out;Netlist memory blocks:\s*(\d+)
num_mult;vpr.out;Netlist mult_36 blocks:\s*(\d+)
equiv;abc.out;Networks are (equivalent)
error;output.txt;error=(.*)

%include "my_other_metrics.txt"     #Include metrics from the file 'my_other_metrics.txt'
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Pass Requirements

The parse_vtr_task scripts allow you to compare an executed task to a golden reference result.
The comparison, which is performed when using the parse_vtr_task.pl -check_golden option, which reports either Pass or Fail.
The requirements that must be met to qualify as a Pass are specified in the pass requirements file.


Task Configuration

Tasks can be configured to use a specific pass requirements file using the pass_requirements_file keyword in the Tasks configuration file.



File Location

All provided pass requirements files are located here:

$VTR_ROOT/vtr_flow/parse/pass_requirements





Users can also create their own pass requirement files.



File Format

Each line of the file indicates a single metric, data type and allowable values in the following format:

<metric>;<requirement>






	<metric>: The name of the metric.


	<requirement>: The metric’s pass requirement.


Valid requiremnt types are:


	Equal(): The metric value must exactly match the golden reference result.


	Range(<min_ratio>,<max_ratio>): The metric value (normalized to the golden result) must be between <min_ratio> and <max_ratio>.


	RangeAbs(<min_ratio>,<max_ratio>,<abs_threshold>): The metric value (normalized to the golden result) must be between <min_ratio> and <max_ratio>, or the metric’s absolute value must be below <abs_threshold>.











Or an include directive to import metrics from a separate file:

%include "<filepath>"






	<filepath>: a relative path to another pass requirements file, whose metric pass requirements will be added to the current file.




In order for a Pass to be reported, all requirements must be met.
For this reason, all of the specified metrics must be included in the parse results (see Parse Configuration).

Comments can be specified with #. Anything following a # is ignored.



Example File

vpr_status;Equal()                      #Pass if precisely equal
vpr_seconds;RangeAbs(0.80,1.40,2)       #Pass if within -20%, or +40%, or absolute value less than 2
num_pre_packed_nets;Range(0.90,1.10)    #Pass if withing +/-10%

%include "routing_metrics.txt"          #Import all pass requirements from the file 'routing_metrics.txt'
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FPGA Architecture Description

VTR uses an XML-based architecture description language to describe the targeted FPGA architecture.
This flexible description langauge allows the user to describe a large number of hypothetical and commercial-like FPGA architectures.

See the Architecture Modeling for an introduction to the architecture description langauge.
For a detailed reference on the supported options see the Architecture Reference.



	Architecture Reference
	Top Level Tags

	Recognized BLIF Models (<models>)

	Global FPGA Information

	FPGA Grid Layout

	FPGA Device Information

	Switches

	Complex Blocks

	Wire Segments

	Clocks

	Power

	Direct Inter-block Connections

	Custom Switch Blocks

	Architecture metadata





	Example Architecture Specification
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Architecture Reference

This section provides a detailed reference for the FPGA Architecture description used by VTR.
The Architecture description uses XML as its representation format.

As a convention, curly brackets { } represents an option with each option separated by |.  For example, a={1 | 2 | open} means field a can take a value of 1, 2, or open.


Top Level Tags

The first tag in all architecture files is the <architecture> tag.
This tag contains all other tags in the architecture file.
The architecture tag contains the following tags:


	<models>


	<layout>


	<device>


	<switchlist>


	<segmentlist>


	<directlist>


	<complexblocklist>






Recognized BLIF Models (<models>)

The <models> tag contains <model name="string"> tags.
Each <model> tag describes the BLIF .subckt model names that are accepted by the FPGA architecture.
The name of the model must match the corresponding name of the BLIF model.


Note

Standard blif structures (.names, .latch, .input, .output) are accepted by default, so these models should not be described in the <models> tag.
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Example Architecture Specification

The listing below is for an FPGA with I/O pads, soft logic blocks (called CLB), configurable memory hard blocks, and fracturable multiplier hard blocks.

Notice that for the CLB, all the inputs are logically equivalent (line 157), and all the outputs are logically equivalent (line 158).
This is usually true for cluster-based logic blocks, as the local routing within the block usually provides full (or near full) connectivity.

However, for other logic blocks, the inputs and all the outputs are not logically equivalent.
For example, consider the memory block (lines 311-316).
Swapping inputs going into the data input port changes the logic of the block because the data output order no longer matches the data input.
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	<!-- VPR Architecture Specification File --><!-- Quick XML Primer:
    * Data is hierarchical and composed of tags (similar to HTML)
    * All tags must be of the form <foo>content</foo> OR <foo /> with the latter form indicating no content. Don't forget the slash at the end.
    * Inside a start tag you may specify attributes in the form key="value". Refer to manual for the valid attributes for each element.
    * Comments may be included anywhere in the document except inside a tag where it's attribute list is defined.
    * Comments may contain any characters except two dashes. 
--><!-- Architecture based off Stratix IV
    Use closest ifar architecture: K06 N10 45nm fc 0.15 area-delay optimized, scale to 40 nm using linear scaling
    n10k06l04.fc15.area1delay1.cmos45nm.bptm.cmos45nm.xml
    * because documentation sparser for soft logic (delays not in QUIP), harder to track down, not worth our time considering the level of accuracy is approximate
      * delays multiplied by 40/45 to normalize for process difference between stratix 4 and 45 nm technology (called full scaling)

      Use delay numbers off Altera device handbook:

      http://www.altera.com/literature/hb/stratix-iv/stx4_5v1.pdf
      http://www.altera.com/literature/hb/stratix-iv/stx4_siv51004.pdf
      http://www.altera.com/literature/hb/stratix-iv/stx4_siv51003.pdf
      multipliers at 600 MHz, no detail on 9x9 vs 36x36
      * datasheets unclear
        * claims 4 18x18 independant multipliers, following test indicates that this is not the case:
          created 4 18x18 mulitpliers, logiclocked them to a single DSP block, compile
          result - 2 18x18 multipliers got packed together, the other 2 got ejected out of the logiclock region without error
          conclusion - just take the 600 MHz as is, and Quartus II logiclock hasn't fixed the bug that I've seen it do to registers when I worked at Altera (ie. eject without warning)
      --><architecture>
  <!-- ODIN II specific config -->
  <models>
    <model name="multiply">
      <input_ports>
        <port name="a" combinational_sink_ports="out"/>
        <port name="b" combinational_sink_ports="out"/>
      </input_ports>
      <output_ports>
        <port name="out"/>
      </output_ports>
    </model>
    <model name="single_port_ram">
      <input_ports>
        <port name="we" clock="clk"/>
        <!-- control -->
        <port name="addr" clock="clk"/>
        <!-- address lines -->
        <port name="data" clock="clk"/>
        <!-- data lines can be broken down into smaller bit widths minimum size 1 -->
        <port name="clk" is_clock="1"/>
        <!-- memories are often clocked -->
      </input_ports>
      <output_ports>
        <port name="out" clock="clk"/>
        <!-- output can be broken down into smaller bit widths minimum size 1 -->
      </output_ports>
    </model>
    <model name="dual_port_ram">
      <input_ports>
        <port name="we1" clock="clk"/>
        <!-- write enable -->
        <port name="we2" clock="clk"/>
        <!-- write enable -->
        <port name="addr1" clock="clk"/>
        <!-- address lines -->
        <port name="addr2" clock="clk"/>
        <!-- address lines -->
        <port name="data1" clock="clk"/>
        <!-- data lines can be broken down into smaller bit widths minimum size 1 -->
        <port name="data2" clock="clk"/>
        <!-- data lines can be broken down into smaller bit widths minimum size 1 -->
        <port name="clk" is_clock="1"/>
        <!-- memories are often clocked -->
      </input_ports>
      <output_ports>
        <port name="out1" clock="clk"/>
        <!-- output can be broken down into smaller bit widths minimum size 1 -->
        <port name="out2" clock="clk"/>
        <!-- output can be broken down into smaller bit widths minimum size 1 -->
      </output_ports>
    </model>
  </models>
  <!-- ODIN II specific config ends -->
  <!-- Physical descriptions begin (area optimized for N8-K6-L4 -->
  <layout>
    <auto_layout aspect_ratio="1.0">
        <!--Perimeter of 'io' blocks with 'EMPTY' blocks at corners-->
        <perimeter type="io" priority="100"/>
        <corners type="EMPTY" priority="101"/>
        <!--Fill with 'clb'-->
        <fill type="clb" priority="10"/>
        <!--Column of 'mult_36' with 'EMPTY' blocks wherever a 'mult_36' does not fit. Vertical offset by 1 for perimeter.-->
        <col type="mult_36" startx="4" starty="1" repeatx="8" priority="20"/>
        <col type="EMPTY" startx="4" repeatx="8" starty="1" priority="19"/>
        <!--Column of 'memory' with 'EMPTY' blocks wherever a 'memory' does not fit. Vertical offset by 1 for perimeter.-->
        <col type="memory" startx="2" starty="1" repeatx="8" priority="20"/>
        <col type="EMPTY" startx="2" repeatx="8" starty="1" priority="19"/>
        </auto_layout>
</layout>
  <device>
    <sizing R_minW_nmos="6065.520020" R_minW_pmos="18138.500000"/>
    <area grid_logic_tile_area="14813.392"/>
    <!--area is for soft logic only-->
    <chan_width_distr>
      <x distr="uniform" peak="1.000000"/>
      <y distr="uniform" peak="1.000000"/>
    </chan_width_distr>
    <switch_block type="wilton" fs="3"/>
  <connection_block input_switch_name="ipin_cblock"/>
        </device>
  <switchlist>
    <switch type="mux" name="0" R="0.000000" Cin="0.000000e+00" Cout="0.000000e+00" Tdel="6.837e-11" mux_trans_size="2.630740" buf_size="27.645901"/>
  <!--switch ipin_cblock resistance set to yeild for 4x minimum drive strength buffer-->
        <switch type="mux" name="ipin_cblock" R="1516.380005" Cout="0." Cin="0.000000e+00" Tdel="7.247000e-11" mux_trans_size="1.222260" buf_size="auto"/>
        </switchlist>
  <segmentlist>
    <segment freq="1.000000" length="4" type="unidir" Rmetal="0.000000" Cmetal="0.000000e+00">
      <mux name="0"/>
      <sb type="pattern">1 1 1 1 1</sb>
      <cb type="pattern">1 1 1 1</cb>
    </segment>
  </segmentlist>
  <complexblocklist>
    <!-- Capacity is a unique property of I/Os, it is the maximum number of I/Os that can be placed at the same (X,Y) location on the FPGA -->
    <pb_type name="io" capacity="8">
      <input name="outpad" num_pins="1"/>
      <output name="inpad" num_pins="1"/>
      <clock name="clock" num_pins="1"/>
      <!-- IOs can operate as either inputs or outputs -->
      <mode name="inpad">
        <pb_type name="inpad" blif_model=".input" num_pb="1">
          <output name="inpad" num_pins="1"/>
        </pb_type>
        <interconnect>
          <direct name="inpad" input="inpad.inpad" output="io.inpad">
            <delay_constant max="4.243e-11" in_port="inpad.inpad" out_port="io.inpad"/>
          </direct>
        </interconnect>
      </mode>
      <mode name="outpad">
        <pb_type name="outpad" blif_model=".output" num_pb="1">
          <input name="outpad" num_pins="1"/>
        </pb_type>
        <interconnect>
          <direct name="outpad" input="io.outpad" output="outpad.outpad">
            <delay_constant max="1.394e-11" in_port="io.outpad" out_port="outpad.outpad"/>
          </direct>
        </interconnect>
      </mode>
      <fc in_type="frac" in_val="0.15" out_type="frac" out_val="0.10"/>
      <!-- IOs go on the periphery of the FPGA, for consistency, 
           make it physically equivalent on all sides so that only one definition of I/Os is needed.
           If I do not make a physically equivalent definition, then I need to define 4 different I/Os, one for each side of the FPGA
       -->
      <pinlocations pattern="custom">
        <loc side="left">io.outpad io.inpad io.clock</loc>
        <loc side="top">io.outpad io.inpad io.clock</loc>
        <loc side="right">io.outpad io.inpad io.clock</loc>
        <loc side="bottom">io.outpad io.inpad io.clock</loc>
      </pinlocations>
      </pb_type>

    <pb_type name="clb">
      <input name="I" num_pins="33" equivalent="full"/> <!-- NOTE: Logically Equivalent -->
      <output name="O" num_pins="10" equivalent="instance"/> <!-- NOTE: Logically Equivalent -->
      <clock name="clk" num_pins="1"/>
      <!-- Describe basic logic element -->
      <pb_type name="ble" num_pb="10">
        <input name="in" num_pins="6"/>
        <output name="out" num_pins="1"/>
        <clock name="clk" num_pins="1"/>
        <pb_type name="soft_logic" num_pb="1">
          <input name="in" num_pins="6"/>
          <output name="out" num_pins="1"/>
          <mode name="n1_lut6">
            <pb_type name="lut6" blif_model=".names" num_pb="1" class="lut">
              <input name="in" num_pins="6" port_class="lut_in"/>
              <output name="out" num_pins="1" port_class="lut_out"/>
              <!-- LUT timing using delay matrix -->
              <delay_matrix type="max" in_port="lut6.in" out_port="lut6.out">
                          2.690e-10
                          2.690e-10
                          2.690e-10
                          2.690e-10
                          2.690e-10
                          2.690e-10
              </delay_matrix>
            </pb_type>
            <interconnect>
              <direct name="direct1" input="soft_logic.in[5:0]" output="lut6[0:0].in[5:0]"/>
              <direct name="direct2" input="lut6[0:0].out" output="soft_logic.out[0:0]"/>
            </interconnect>
          </mode>
        </pb_type>
        <pb_type name="ff" blif_model=".latch" num_pb="1" class="flipflop">
          <input name="D" num_pins="1" port_class="D"/>
          <output name="Q" num_pins="1" port_class="Q"/>
          <clock name="clk" num_pins="1" port_class="clock"/>
          <T_setup value="2.448e-10" port="ff.D" clock="clk"/>
          <T_clock_to_Q max="7.732e-11" port="ff.Q" clock="clk"/>
        </pb_type>
        <interconnect>
          <!-- Two ff, make ff available to only corresponding luts -->
          <direct name="direct1" input="ble.in" output="soft_logic.in"/>
          <direct name="direct2" input="soft_logic.out" output="ff.D"/>
          <direct name="direct4" input="ble.clk" output="ff.clk"/>
          <mux name="mux1" input="ff.Q soft_logic.out" output="ble.out"/>
        </interconnect>
      </pb_type>
      <interconnect>
        <complete name="crossbar" input="clb.I ble[9:0].out" output="ble[9:0].in">
          <delay_constant max="8.044000e-11" in_port="clb.I" out_port="ble[9:0].in"/>
          <delay_constant max="7.354000e-11" in_port="ble[9:0].out" out_port="ble[9:0].in"/>
        </complete>
        <complete name="clks" input="clb.clk" output="ble[9:0].clk"/>
        <direct name="clbouts" input="ble[9:0].out" output="clb.O"/>
      </interconnect>
      <fc in_type="frac" in_val="0.15" out_type="frac" out_val="0.10"/>
      <pinlocations pattern="spread"/>
      </pb_type>

    <!-- This is the 36*36 uniform mult -->
    <pb_type name="mult_36" height="4">
      <input name="a" num_pins="36"/>
      <input name="b" num_pins="36"/>
      <output name="out" num_pins="72"/>
      <mode name="two_divisible_mult_18x18">
        <pb_type name="divisible_mult_18x18" num_pb="2">
          <input name="a" num_pins="18"/>
          <input name="b" num_pins="18"/>
          <output name="out" num_pins="36"/>
          <mode name="two_mult_9x9">
            <pb_type name="mult_9x9_slice" num_pb="2">
              <input name="A_cfg" num_pins="9"/>
              <input name="B_cfg" num_pins="9"/>
              <output name="OUT_cfg" num_pins="18"/>
              <pb_type name="mult_9x9" blif_model=".subckt multiply" num_pb="1">
                <input name="a" num_pins="9"/>
                <input name="b" num_pins="9"/>
                <output name="out" num_pins="18"/>
                <delay_constant max="1.667e-9" in_port="mult_9x9.a" out_port="mult_9x9.out"/>
                <delay_constant max="1.667e-9" in_port="mult_9x9.b" out_port="mult_9x9.out"/>
              </pb_type>
              <interconnect>
                <direct name="a2a" input="mult_9x9_slice.A_cfg" output="mult_9x9.a"/>
                <direct name="b2b" input="mult_9x9_slice.B_cfg" output="mult_9x9.b"/>
                <direct name="out2out" input="mult_9x9.out" output="mult_9x9_slice.OUT_cfg"/>
              </interconnect>
            </pb_type>
            <interconnect>
              <direct name="a2a" input="divisible_mult_18x18.a" output="mult_9x9_slice[1:0].A_cfg"/>
              <direct name="b2b" input="divisible_mult_18x18.b" output="mult_9x9_slice[1:0].B_cfg"/>
              <direct name="out2out" input="mult_9x9_slice[1:0].OUT_cfg" output="divisible_mult_18x18.out"/>
            </interconnect>
          </mode>
          <mode name="mult_18x18">
            <pb_type name="mult_18x18_slice" num_pb="1">
              <input name="A_cfg" num_pins="18"/>
              <input name="B_cfg" num_pins="18"/>
              <output name="OUT_cfg" num_pins="36"/>
              <pb_type name="mult_18x18" blif_model=".subckt multiply" num_pb="1">
                <input name="a" num_pins="18"/>
                <input name="b" num_pins="18"/>
                <output name="out" num_pins="36"/>
                <delay_constant max="1.667e-9" in_port="mult_18x18.a" out_port="mult_18x18.out"/>
                <delay_constant max="1.667e-9" in_port="mult_18x18.b" out_port="mult_18x18.out"/>
              </pb_type>
              <interconnect>
                <direct name="a2a" input="mult_18x18_slice.A_cfg" output="mult_18x18.a"/>
                <direct name="b2b" input="mult_18x18_slice.B_cfg" output="mult_18x18.b"/>
                <direct name="out2out" input="mult_18x18.out" output="mult_18x18_slice.OUT_cfg"/>
              </interconnect>
            </pb_type>
            <interconnect>
              <direct name="a2a" input="divisible_mult_18x18.a" output="mult_18x18_slice.A_cfg"/>
              <direct name="b2b" input="divisible_mult_18x18.b" output="mult_18x18_slice.B_cfg"/>
              <direct name="out2out" input="mult_18x18_slice.OUT_cfg" output="divisible_mult_18x18.out"/>
            </interconnect>
          </mode>
        </pb_type>
        <interconnect>
          <direct name="a2a" input="mult_36.a" output="divisible_mult_18x18[1:0].a"/>
          <direct name="b2b" input="mult_36.b" output="divisible_mult_18x18[1:0].b"/>
          <direct name="out2out" input="divisible_mult_18x18[1:0].out" output="mult_36.out"/>
        </interconnect>
      </mode>
      <mode name="mult_36x36">
        <pb_type name="mult_36x36_slice" num_pb="1">
          <input name="A_cfg" num_pins="36"/>
          <input name="B_cfg" num_pins="36"/>
          <output name="OUT_cfg" num_pins="72"/>
          <pb_type name="mult_36x36" blif_model=".subckt multiply" num_pb="1">
            <input name="a" num_pins="36"/>
            <input name="b" num_pins="36"/>
            <output name="out" num_pins="72"/>
            <delay_constant max="1.667e-9" in_port="mult_36x36.a" out_port="mult_36x36.out"/>
            <delay_constant max="1.667e-9" in_port="mult_36x36.b" out_port="mult_36x36.out"/>
          </pb_type>
          <interconnect>
            <direct name="a2a" input="mult_36x36_slice.A_cfg" output="mult_36x36.a"/>
            <direct name="b2b" input="mult_36x36_slice.B_cfg" output="mult_36x36.b"/>
            <direct name="out2out" input="mult_36x36.out" output="mult_36x36_slice.OUT_cfg"/>
          </interconnect>
        </pb_type>
        <interconnect>
          <direct name="a2a" input="mult_36.a" output="mult_36x36_slice.A_cfg"/>
          <direct name="b2b" input="mult_36.b" output="mult_36x36_slice.B_cfg"/>
          <direct name="out2out" input="mult_36x36_slice.OUT_cfg" output="mult_36.out"/>
        </interconnect>
      </mode>
      <fc_in type="frac">0.15</fc_in>
      <fc_out type="frac">0.10</fc_out>
      <pinlocations pattern="spread"/>
      </pb_type>

    <!-- Memory based off Stratix IV 144K memory.  Setup time set to match flip-flop setup time at 45 nm. Clock to q based off 144K max MHz  -->
    <pb_type name="memory" height="6">
      <input name="addr1" num_pins="17"/>
      <input name="addr2" num_pins="17"/>
      <input name="data" num_pins="72"/>
      <input name="we1" num_pins="1"/>
      <input name="we2" num_pins="1"/>
      <output name="out" num_pins="72"/>
      <clock name="clk" num_pins="1"/>
      <mode name="mem_2048x72_sp">
        <pb_type name="mem_2048x72_sp" blif_model=".subckt single_port_ram" class="memory" num_pb="1">
          <input name="addr" num_pins="11" port_class="address"/>
          <input name="data" num_pins="72" port_class="data_in"/>
          <input name="we" num_pins="1" port_class="write_en"/>
          <output name="out" num_pins="72" port_class="data_out"/>
          <clock name="clk" num_pins="1" port_class="clock"/>
          <T_setup value="2.448e-10" port="mem_2048x72_sp.addr" clock="clk"/>
          <T_setup value="2.448e-10" port="mem_2048x72_sp.data" clock="clk"/>
          <T_setup value="2.448e-10" port="mem_2048x72_sp.we" clock="clk"/>
          <T_clock_to_Q max="1.852e-9" port="mem_2048x72_sp.out" clock="clk"/>
        </pb_type>
        <interconnect>
          <direct name="address1" input="memory.addr1[10:0]" output="mem_2048x72_sp.addr"/>
          <direct name="data1" input="memory.data[71:0]" output="mem_2048x72_sp.data"/>
          <direct name="writeen1" input="memory.we1" output="mem_2048x72_sp.we"/>
          <direct name="dataout1" input="mem_2048x72_sp.out" output="memory.out[71:0]"/>
          <direct name="clk" input="memory.clk" output="mem_2048x72_sp.clk"/>
        </interconnect>
      </mode>
      <mode name="mem_4096x36_dp">
        <pb_type name="mem_4096x36_dp" blif_model=".subckt dual_port_ram" class="memory" num_pb="1">
          <input name="addr1" num_pins="12" port_class="address1"/>
          <input name="addr2" num_pins="12" port_class="address2"/>
          <input name="data1" num_pins="36" port_class="data_in1"/>
          <input name="data2" num_pins="36" port_class="data_in2"/>
          <input name="we1" num_pins="1" port_class="write_en1"/>
          <input name="we2" num_pins="1" port_class="write_en2"/>
          <output name="out1" num_pins="36" port_class="data_out1"/>
          <output name="out2" num_pins="36" port_class="data_out2"/>
          <clock name="clk" num_pins="1" port_class="clock"/>
          <T_setup value="2.448e-10" port="mem_4096x36_dp.addr1" clock="clk"/>
          <T_setup value="2.448e-10" port="mem_4096x36_dp.data1" clock="clk"/>
          <T_setup value="2.448e-10" port="mem_4096x36_dp.we1" clock="clk"/>
          <T_setup value="2.448e-10" port="mem_4096x36_dp.addr2" clock="clk"/>
          <T_setup value="2.448e-10" port="mem_4096x36_dp.data2" clock="clk"/>
          <T_setup value="2.448e-10" port="mem_4096x36_dp.we2" clock="clk"/>
          <T_clock_to_Q max="1.852e-9" port="mem_4096x36_dp.out1" clock="clk"/>
          <T_clock_to_Q max="1.852e-9" port="mem_4096x36_dp.out2" clock="clk"/>
        </pb_type>
        <interconnect>
          <direct name="address1" input="memory.addr1[11:0]" output="mem_4096x36_dp.addr1"/>
          <direct name="address2" input="memory.addr2[11:0]" output="mem_4096x36_dp.addr2"/>
          <direct name="data1" input="memory.data[35:0]" output="mem_4096x36_dp.data1"/>
          <direct name="data2" input="memory.data[71:36]" output="mem_4096x36_dp.data2"/>
          <direct name="writeen1" input="memory.we1" output="mem_4096x36_dp.we1"/>
          <direct name="writeen2" input="memory.we2" output="mem_4096x36_dp.we2"/>
          <direct name="dataout1" input="mem_4096x36_dp.out1" output="memory.out[35:0]"/>
          <direct name="dataout2" input="mem_4096x36_dp.out2" output="memory.out[71:36]"/>
          <direct name="clk" input="memory.clk" output="mem_4096x36_dp.clk"/>
        </interconnect>
      </mode>
      <mode name="mem_4096x36_sp">
        <pb_type name="mem_4096x36_sp" blif_model=".subckt single_port_ram" class="memory" num_pb="1">
          <input name="addr" num_pins="12" port_class="address"/>
          <input name="data" num_pins="36" port_class="data_in"/>
          <input name="we" num_pins="1" port_class="write_en"/>
          <output name="out" num_pins="36" port_class="data_out"/>
          <clock name="clk" num_pins="1" port_class="clock"/>
          <T_setup value="2.448e-10" port="mem_4096x36_sp.addr" clock="clk"/>
          <T_setup value="2.448e-10" port="mem_4096x36_sp.data" clock="clk"/>
          <T_setup value="2.448e-10" port="mem_4096x36_sp.we" clock="clk"/>
          <T_clock_to_Q max="1.852e-9" port="mem_4096x36_sp.out" clock="clk"/>
        </pb_type>
        <interconnect>
          <direct name="address1" input="memory.addr1[11:0]" output="mem_4096x36_sp.addr"/>
          <direct name="data1" input="memory.data[35:0]" output="mem_4096x36_sp.data"/>
          <direct name="writeen1" input="memory.we1" output="mem_4096x36_sp.we"/>
          <direct name="dataout1" input="mem_4096x36_sp.out" output="memory.out[35:0]"/>
          <direct name="clk" input="memory.clk" output="mem_4096x36_sp.clk"/>
        </interconnect>
      </mode>
      <mode name="mem_9182x18_dp">
        <pb_type name="mem_9182x18_dp" blif_model=".subckt dual_port_ram" class="memory" num_pb="1">
          <input name="addr1" num_pins="13" port_class="address1"/>
          <input name="addr2" num_pins="13" port_class="address2"/>
          <input name="data1" num_pins="18" port_class="data_in1"/>
          <input name="data2" num_pins="18" port_class="data_in2"/>
          <input name="we1" num_pins="1" port_class="write_en1"/>
          <input name="we2" num_pins="1" port_class="write_en2"/>
          <output name="out1" num_pins="18" port_class="data_out1"/>
          <output name="out2" num_pins="18" port_class="data_out2"/>
          <clock name="clk" num_pins="1" port_class="clock"/>
          <T_setup value="2.448e-10" port="mem_9182x18_dp.addr1" clock="clk"/>
          <T_setup value="2.448e-10" port="mem_9182x18_dp.data1" clock="clk"/>
          <T_setup value="2.448e-10" port="mem_9182x18_dp.we1" clock="clk"/>
          <T_setup value="2.448e-10" port="mem_9182x18_dp.addr2" clock="clk"/>
          <T_setup value="2.448e-10" port="mem_9182x18_dp.data2" clock="clk"/>
          <T_setup value="2.448e-10" port="mem_9182x18_dp.we2" clock="clk"/>
          <T_clock_to_Q max="1.852e-9" port="mem_9182x18_dp.out1" clock="clk"/>
          <T_clock_to_Q max="1.852e-9" port="mem_9182x18_dp.out2" clock="clk"/>
        </pb_type>
        <interconnect>
          <direct name="address1" input="memory.addr1[12:0]" output="mem_9182x18_dp.addr1"/>
          <direct name="address2" input="memory.addr2[12:0]" output="mem_9182x18_dp.addr2"/>
          <direct name="data1" input="memory.data[17:0]" output="mem_9182x18_dp.data1"/>
          <direct name="data2" input="memory.data[35:18]" output="mem_9182x18_dp.data2"/>
          <direct name="writeen1" input="memory.we1" output="mem_9182x18_dp.we1"/>
          <direct name="writeen2" input="memory.we2" output="mem_9182x18_dp.we2"/>
          <direct name="dataout1" input="mem_9182x18_dp.out1" output="memory.out[17:0]"/>
          <direct name="dataout2" input="mem_9182x18_dp.out2" output="memory.out[35:18]"/>
          <direct name="clk" input="memory.clk" output="mem_9182x18_dp.clk"/>
        </interconnect>
      </mode>
      <mode name="mem_9182x18_sp">
        <pb_type name="mem_9182x18_sp" blif_model=".subckt single_port_ram" class="memory" num_pb="1">
          <input name="addr" num_pins="13" port_class="address"/>
          <input name="data" num_pins="18" port_class="data_in"/>
          <input name="we" num_pins="1" port_class="write_en"/>
          <output name="out" num_pins="18" port_class="data_out"/>
          <clock name="clk" num_pins="1" port_class="clock"/>
          <T_setup value="2.448e-10" port="mem_9182x18_sp.addr" clock="clk"/>
          <T_setup value="2.448e-10" port="mem_9182x18_sp.data" clock="clk"/>
          <T_setup value="2.448e-10" port="mem_9182x18_sp.we" clock="clk"/>
          <T_clock_to_Q max="1.852e-9" port="mem_9182x18_sp.out" clock="clk"/>
        </pb_type>
        <interconnect>
          <direct name="address1" input="memory.addr1[12:0]" output="mem_9182x18_sp.addr"/>
          <direct name="data1" input="memory.data[17:0]" output="mem_9182x18_sp.data"/>
          <direct name="writeen1" input="memory.we1" output="mem_9182x18_sp.we"/>
          <direct name="dataout1" input="mem_9182x18_sp.out" output="memory.out[17:0]"/>
          <direct name="clk" input="memory.clk" output="mem_9182x18_sp.clk"/>
        </interconnect>
      </mode>
      <mode name="mem_18194x9_dp">
        <pb_type name="mem_18194x9_dp" blif_model=".subckt dual_port_ram" class="memory" num_pb="1">
          <input name="addr1" num_pins="14" port_class="address1"/>
          <input name="addr2" num_pins="14" port_class="address2"/>
          <input name="data1" num_pins="9" port_class="data_in1"/>
          <input name="data2" num_pins="9" port_class="data_in2"/>
          <input name="we1" num_pins="1" port_class="write_en1"/>
          <input name="we2" num_pins="1" port_class="write_en2"/>
          <output name="out1" num_pins="9" port_class="data_out1"/>
          <output name="out2" num_pins="9" port_class="data_out2"/>
          <clock name="clk" num_pins="1" port_class="clock"/>
          <T_setup value="2.448e-10" port="mem_18194x9_dp.addr1" clock="clk"/>
          <T_setup value="2.448e-10" port="mem_18194x9_dp.data1" clock="clk"/>
          <T_setup value="2.448e-10" port="mem_18194x9_dp.we1" clock="clk"/>
          <T_setup value="2.448e-10" port="mem_18194x9_dp.addr2" clock="clk"/>
          <T_setup value="2.448e-10" port="mem_18194x9_dp.data2" clock="clk"/>
          <T_setup value="2.448e-10" port="mem_18194x9_dp.we2" clock="clk"/>
          <T_clock_to_Q max="1.852e-9" port="mem_18194x9_dp.out1" clock="clk"/>
          <T_clock_to_Q max="1.852e-9" port="mem_18194x9_dp.out2" clock="clk"/>
        </pb_type>
        <interconnect>
          <direct name="address1" input="memory.addr1[13:0]" output="mem_18194x9_dp.addr1"/>
          <direct name="address2" input="memory.addr2[13:0]" output="mem_18194x9_dp.addr2"/>
          <direct name="data1" input="memory.data[8:0]" output="mem_18194x9_dp.data1"/>
          <direct name="data2" input="memory.data[17:9]" output="mem_18194x9_dp.data2"/>
          <direct name="writeen1" input="memory.we1" output="mem_18194x9_dp.we1"/>
          <direct name="writeen2" input="memory.we2" output="mem_18194x9_dp.we2"/>
          <direct name="dataout1" input="mem_18194x9_dp.out1" output="memory.out[8:0]"/>
          <direct name="dataout2" input="mem_18194x9_dp.out2" output="memory.out[17:9]"/>
          <direct name="clk" input="memory.clk" output="mem_18194x9_dp.clk"/>
        </interconnect>
      </mode>
      <mode name="mem_18194x9_sp">
        <pb_type name="mem_18194x9_sp" blif_model=".subckt single_port_ram" class="memory" num_pb="1">
          <input name="addr" num_pins="14" port_class="address"/>
          <input name="data" num_pins="9" port_class="data_in"/>
          <input name="we" num_pins="1" port_class="write_en"/>
          <output name="out" num_pins="9" port_class="data_out"/>
          <clock name="clk" num_pins="1" port_class="clock"/>
          <T_setup value="2.448e-10" port="mem_18194x9_sp.addr" clock="clk"/>
          <T_setup value="2.448e-10" port="mem_18194x9_sp.data" clock="clk"/>
          <T_setup value="2.448e-10" port="mem_18194x9_sp.we" clock="clk"/>
          <T_clock_to_Q max="1.852e-9" port="mem_18194x9_sp.out" clock="clk"/>
        </pb_type>
        <interconnect>
          <direct name="address1" input="memory.addr1[13:0]" output="mem_18194x9_sp.addr"/>
          <direct name="data1" input="memory.data[8:0]" output="mem_18194x9_sp.data"/>
          <direct name="writeen1" input="memory.we1" output="mem_18194x9_sp.we"/>
          <direct name="dataout1" input="mem_18194x9_sp.out" output="memory.out[8:0]"/>
          <direct name="clk" input="memory.clk" output="mem_18194x9_sp.clk"/>
        </interconnect>
      </mode>
      <fc in_type="frac" in_val="0.15" out_type="frac" out_val="0.10"/>
      <pinlocations pattern="spread"/>
      </pb_type>
  </complexblocklist>
</architecture>










          

      

      

    

  

  
    

    VPR
    

    

    
 
  

    
      
          
            
  
VPR

VPR (Versatile Place and Route) is an open source academic CAD tool designed for the exploration of new FPGA architectures and CAD algorithms, at the packing, placement and routing phases of the CAD flow [BR97b][LKJ+09].
Since its public introduction, VPR has been used extensively in many academic projects partly because it is robust, well documented, easy-to-use, and can flexibly target a range of architectures.

VPR takes, as input, a description of an FPGA architecture along with a technology-mapped user circuit.
It then performs packing, placement, and routing to map the circuit onto the FPGA.
The output of VPR includes the FPGA configuration needed to implement the circuit and statistics about the final mapped design (eg. critical path delay, area, etc).

Motivation

The study of FPGA CAD and architecture can be a challenging process partly because of the difficulty in conducting high quality experiments.
A quality CAD/architecture experiment requires realistic benchmarks, accurate architectural models, and robust CAD tools that can appropriately map the benchmark to the particular architecture in question.
This is a lot of work.
Fortunately, this work can be made easier if open source tools are available as a starting point.

The purpose of VPR is to make the packing, placement, and routing stages of the FPGA CAD flow robust and flexible so that it is easier for researchers to investigate future FPGAs.
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Command-line Options


Basic Usage

At a minimum VPR requires two command-line arguments:

vpr architecture circuit





where:



	architecture is an FPGA architecture description file


	circuit is the technology mapped netlist in BLIF format to be implemented







VPR will then pack, place, and route the circuit onto the specified architecture.

By default VPR will perform a binary search routing to find the minimum channel width required to route the circuit.



Detailed Command-line Options

VPR has a lot of options.
The options most people will be interested in are:


	--route_chan_width (route at a fixed channel width), and


	--disp (turn on/off graphics).




In general for the other options the defaults are fine, and only people looking at how different CAD algorithms perform will try many of them.
To understand what the more esoteric placer and router options actually do, see [BRM99] or download [BR96a][BR96b][BR97b][MBR00] from the author’s web page [http://www.eecg.toronto.edu/~vaughn].

In the following text, values in angle brackets e.g. <int> <float> <string> <file>, should be replaced by the appropriate number, string, or file path.
Values in curly braces separated by vertical bars, e.g. {on | off}, indicate all the permissible choices for an option.


Stage Options

VPR runs all stages of (pack, place, route, and analysis) if none of --pack, --place, --route or --analysis are specified.


	
--pack

	Run packing stage

Default: off






	
--place

	Run placement stage

Default: off






	
--route

	Run routing stage
This also implies –analysis if routing was successful.

Default: off






	
--analysis

	Run final analysis stage (e.g. timing, power).

Default: off







Graphics Options


	
--disp {on | off}

	Controls whether VPR’s interactive graphics are enabled.
Graphics are very useful for inspecting and debugging the FPGA architecture and/or circuit implementation.

Default: off






	
--auto <int>

	Can be 0, 1, or 2.
This sets how often you must click Proceed to continue execution after viewing the graphics.
The higher the number, the more infrequently the program will pause.

Default: 1







General Options


	
-h, --help

	Display help message then exit.






	
--version

	Display version information then exit.






	
--device <string>

	Specifies which device layout/floorplan to use from the architecture file.

auto uses the smallest device satisfying the circuit’s resource requirements.
Other values are assumed to be the names of device layouts defined in the FPGA Grid Layout section of the architecture file.


Note

If the architecture contains both <auto_layout> and <fixed_layout> specifications, specifying an auto device will use the <auto_layout>.
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Graphics

VPR includes easy-to-use g