
Vendor Agnostic, High 
Performance, Double Precision 

Floating Point Division for FPGAs 

Presented by Xin Fang 
     
   Advisor:      
Professor Miriam Leeser 

ECE Department 
Northeastern University 

1 



Outline 

 Background 
 Algorithm Description 
 Components of Divider 
 Results & Performance 
 Conclusions and Future work 

 

2 



Background 

 Floating Point Format 
 

 VFloat Library 
 

 Three Main Algorithms 
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Floating Point Representation 
 IEEE Standard for Floating-Point Arithmetic  
  (IEEE 754-2008)  

 
     
 
 
   b is the base, s is the sign bit, e is the exponent, c is the 

mantissa. The value of floating point number is   
 
 
 
 
    

Format Sign Bit (s)  Exponent Bits (e) Mantissa Bits (c) 
Single Precision 1 8 23 
Double Precision 1 11 52 
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Floating Point Format(Cont) 
 

 
 Mantissa Representation 
 Exponent Bias 

 
 
 

Format Exponent in IEEE754 Exponent Bias Real Exponent 
Single 

Precision 1 to 254 127 -126 to 127 

Double 
Precision 1 to 2046 1023 -1022 to 1023 
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VFloat Library 

 Vfloat*: library of variable precision floating point units 
written in VHDL, targeting Altera and Xilinx FPGAs 
 

 Components include floating point arithmetic (addition, 
subtraction, multiplication, reciprocal, division, square 
root, accumulation) and format conversion (fix2float). 
 

 Operand can be variable precision floating point number 
    Any bitwidth exponent or mantissa is supported.   

*http://www.coe.neu.edu/Research/rcl/projects/floatingpoint/index.html 
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VFloat Library(Cont) 

Blackbox for 
Variable Precision 
Floating Point 
Operation: 

Components of VFloat can be easily fit into a large project 
because of the ports Reset, Stall, Ready, Exception_in, 
Exception_out and Done. 
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Three Main Approaches 
 For Division: 

 
 1. Digit Recurrence Method 
 2. Iterative Method 
 3. Table-based Method 
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Digit Recurrence Division 

 Example: SRT Algorithm 
 Step1: Quotient Digit Selection 

 

 
 

 
 Step 2: Residual Recurrence 

SRT Algorithm 10 



Iterative Division 
 Example: Newton Raphson Algorithm 

 Step 1: find an approximation of 1/d from LUT 
 Step 2: Iteration: 

Newton Raphson Algorithm Diagram 

)Xd2(XX ii)1i( ×−×=+
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Table-based Division 
 Table-based algorithm* that uses small look-up tables 

and multipliers 
 Based on Taylor series, but more sophisticated 

 

 Gets good tradeoff between clock cycle latency, 
maximum frequency and resource utilization by 
implementing this table-based algorithm 
 

 Double Precision Division in this presentation is based 
on this algorithm 
 

* Ercegovac, Milos D., et al. "Reciprocation, square root, inverse square 
root, and some elementary functions using small multipliers." Computers, 
IEEE Transactions on 49.7 (2000): 628-637. 
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Algorithm Description 

 Algorithm Overview 
 Mantissa Computation:  
  1. Reduction Step 
  2. Evaluation Step 
  3. Post-processing Step 
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Algorithm Overview 

 Top Components: 
 
 
1. Denormalizer 

 
2. Divider 

 
3. Round to normal 
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Algorithm Overview(Cont) 
 Three parts: sign bit, exponent and mantissa  

 
 Sign bit: XOR Logic 
 Exponent:  
    Subtract the exponent of divisor from that of dividend  
 Mantissa: where Table-based algorithm applies 
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Mantissa Computation 

 Three steps to compute Mantissa: 
 1. Reduction Step (To compute M) 
 2. Evaluation Step (To compute B) 
 3. Post-processing Step (To compute Result) 
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1. Reduction Step 
 

After the denormalizer, inputs (X, Y) are the significand of 
 the floating point number with format 1.c  
 each of them has m bits.  
For double precision format, m = 53. 
 
Let K = floor((m+2)/4)+1 
  Y(K) represents the truncation of Y to the first K bits 
Let R = 1/ Y(K); 
      M = R 
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2. Evaluation Step 
 
 Let  B = f(A) = 1/(1+A) 
    Where A = (Y*R)-1,  
    Let               , then 
 

    A :  
 Using Taylor series expansion, 
 
 
 
 
Ci = 1 when i is even, Ci = 0 when i is odd. 
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Evaluation Step(Cont) 
 Simplifying the equation:  
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3. Post-processing Step 
 The result of reciprocal, divider or square 

root is given by M * B 
   M is from the Reduction step  
   B is from the Evaluation step 
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Components of Divider 
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Results and Performance 
 FPGA Device: 
1. Stratix V device 
2. Virtex 6 device 
 Software IDE:  
1. Altera Quartus II 13.0  
2. Xilinx ISE Design Suite 13.4 
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Altera Stratix V 
 Optimized for high performance, high 

bandwidth applications. (28-ns)   
 The Stratix V device family contains GT, GX, 

GS and E sub-families.  
 5SGXB6 for synthesis. 
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Altera Stratix V (5SGXB6) 
 597K Logic Elements     
 902K Register 
 2660 M20K (52 Mb) 

 

 798 18*18 Mul 
 399 27*27 Mul 
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Xilinx Virtex 6 
 High performance programmable silicon 
 Three sub-family: LXT, SXT and HXT. 
 XC6VLX75T for synthesis. 

  74,496 Logic Cells 
 11,640 Slices 
 1,045 Kb Distributed RAM 
 288 DSP48E1 Slices 
 156 36Kb Block RAM 
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Results & Performance 
(Double Precision Division) 
 For Xilinx: 

 
 

  

* Result is from Pasca, Bogdan. "Correctly rounded floating-point division for DSP-
enabled FPGAs." Field Programmable Logic and Applications (FPL), 2012 22nd 
International Conference on. IEEE, 2012. 

* 

29 



Results & Performance 
(Double Precision Division) 
 For Altera: 

 
 

  

*Result is from Pasca, Bogdan. "Correctly rounded floating-point division for DSP-
enabled FPGAs." Field Programmable Logic and Applications (FPL), 2012 22nd 
International Conference on. IEEE, 2012. 

* 
* 
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Conclusions 
 Double Precision Floating Point Division 

component using table-based algorithm 
 Flexible: Easy to adjust pipeline parameters 
 Adaptable: Cross-platform portability  
 Good tradeoff between clock cycle latency, 

maximum frequency and resource utilization 
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Future Work 

 Try different pipelines to find better 
tradeoffs 
 

 Add more components to the library 
 

 Apply to applications 
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  Thank you! 
 
 Xin Fang   fang.xi@husky.neu.edu 
     ECE Department, Northeastern University 
     Miriam Leeser  mel@coe.neu.edu 
     ECE Department, Northeastern University 
 
 
 VFloat website: 
  http://www.coe.neu.edu/Research/rcl/projects/floatingpoint/index.html 
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