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Introduction
Modern heterogeneous FPGAs (like that pictured 
in Figure 1) contain “hard” specific-purpose 
structures such as memories and multipliers in 
addition to the completely flexible “soft”
programmable logic and routing. These hard 
structures provide major benefits, and reduce the 
logic density gap between Field-Programmable 
Gate Arrays (FPGAs) and Application Specific 
Integrated Circuits (ASICs) from 35 times to 18 
times [3].  

Our work focuses on how to efficiently use these 
hard structures from both an architectural and 
CAD mapping perspective.

The focus here is presenting our public-domain
open source Verilog RTL Synthesis tool, called 
Odin, and the algorithms that allow it to flexibly 
target different heterogeneous structures.  Our 
goals for this work are:

1.  Front-end tool to map to hard circuits on 
FPGA
2.  Achieve comparable results to Industrial 
Front-end Synthesis
3.  Deliver open source for academic 
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Front End Synthesis and CAD flow
Odin, takes a Verilog design as input and converts 
it  into a flattened structural netlist. This 
conversion process includes elaboration (Icarus
[2]) and partial-mapping stages, where the final 
netlist consists of primitive gates and complex 
logic functions targeting a heterogeneous FPGA. 

This netlist can be passed into various CAD 
flows including Quartus, ModelSim, and a VPR 
CAD flow, although the latter cannot include hard 
circuits. Figure 2 shows both how Odin is included 
as part of an FPGA CAD flow and the major 
stages of the Odin tool. 

Results
Ran our benchmarks through both a full Quartus flow 
and Odin joined with Quartus [1] to compare area and 
speed results.  Table 1 shows a summary of our 
results on the Stratix I FPGA, and the results are very 
close!
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Figure 1

Mapping Techniques
To create a tool that achieves quality of results 
comparable to an industrial front-end synthesis 
tool, we achieve this using several key 
optimizations. 

These include:
1. Partial Mapping (Figure 2)
2. Arithmetic optimizations (Figure 3)
3. Finite state machine re-encoding to one-hot
4. Multiplexer collapsing (Figure 4)
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INPUT - HDL Design
module small (a, b, c, out);

input[5:0] a, b, c;
output [5:0]out;

assign out = ({2'b00,a[2:0]} * b) + (b & ~c));
endmodule

Parse - Done by Icarus [2]
MODULE = small
PARAMATERS = {

{a, input, 5},
{b, input, 5},
{c, input, 5},
{out, output, 5}}

NETS = {{out, {a1}}}
EXPRESSIONS = {

{e0 = op cat, 2'b00, a},
{e1 = op*, e0, b},
{e2 = op~, c},
{e3 = op&, b, e2},
{e4 = op+, t1, t3}}

LEFT_ASSIGNMENT = {
{a1 = e4}
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Output - Flat Netlist
module small (a, b, c, out);

input[5:0] a, b, c;
output [5:0]out;

not(c, e2);
and(b, e2, e3);
lpm_mult(a[3:0],b,e1);
lpm_add(e1,e3,out);

endmodule
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Figure 3
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Synthesized Logic
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module control (clock, a, b, reg1, reg2);
input [1:0]a, [3:0]b, clock;
output [1:0]reg1, reg2;
reg [1:0]reg1, reg2;
always @(posedge clock)

case(a)
2'b00: reg1<={b[0], 1,b1}
2'b01: reg1<={b[1], b[2]}
2'b10: reg1<={b[2], b[3]}
2'b11: reg1<={b[3], 1'b0}
endcase

always @(posedge clock)
if (a == {b[0], b[1]})

reg2 <= reg1[0];
else if (b == {3'b0, b[1])

reg2 <= reg1[1];
endmodule

Verilog HDL

Collapsed Logic
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Conclusions
Odin is an open source front-end synthesis tool that 
uses a few optimization techniques to closely 
approach the quality of results for front-end industrial 
tools.
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