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Background of Our Research	

•  MIMO-OFDM are chosen in IEEE 802.11n, LTE, 
WiMAX … 

•  QR decomposition plays an important role in 
MIMO-OFDM systems 

 

2015年1月2日 High-Performance Reconfigurable Computing Group    ·     University of Toronto 

3 



QR Decomposition	

•  Gram-Schmidt (GS) : Speed is restricted by the 
multiply-accumulator 

•  Householder Transformation (HT) :  The 
architecture is very complicated and consumes 
more hardware resources 

•  Givens Rotation (GR) : Better accuracy and can be 
easily implemented in a systolic array architecture 
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Givens Rotation (GR)	

•  The elementary Givens matrix: 

•  Assuming that 
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Givens Rotation (GR)	

•  Under the condition                 , we can set 

•  Then  

•  For n×n matrix, GR will start from zeroing the 
bottom elements to the upper elements of the 
first column, and then do the second column, and 
so on.  
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CORDIC based GR	

•  In planar coordinates, the vector              is rotated 
by the angle    to get a new vector              .	
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What did we do?	

•  Enhanced  Vectoring CORDIC 

•  A Novel Systolic Array Architecture for QR  

•  Validations and Experiments	
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Enhanced  Vectoring CORDIC	
•  Scale the convergence range of CORDIC into          by 

reducing the i=0 iteration 
•  Adopt the adaptive recoding method to recode the scale 

compensation factor k 
 
 
 
 

 
•  Mix every two consecutive iterations into one stage to 

balance the pipeline 
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A Novel Systolic Array Architecture for QR 	

•  Assuming the size of the required factorization 
matrix X is n×n, after multiplied by Tij,  we can get	
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A Novel Systolic Array Architecture for QR 	

•  The novel systolic array architecture for QR is	
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A Novel Systolic Array Architecture for QR 	

•  The first step:	
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QR Decomposition (4×4)	
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A Novel Systolic Array Architecture for QR 	

•  The second step:	
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QR Decomposition (4×4)	
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A Novel Systolic Array Architecture for QR 	

•  The third step:	
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QR Decomposition (4×4)	
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A Novel Systolic Array Architecture for QR 	

•  The fourth step:	
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QR Decomposition (4×4)	
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A Novel Systolic Array Architecture for QR 	

•  We propose a scheme to use the sign of y not only 
to control the rotation direction of vectoring 
CORDIC, but also to control the rotation direction 
of the rotation CORDIC.	
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Validations and Experiments	

•  Enhanced Vectoring CORDIC 

a)  Accuracy Comparison 

b)  Area and Speed Comparisons 

c)  Power Comparison 
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Validations and Experiments	

•  Novel Systolic Array Architecture for QR 

a)  Accuracy Analysis 

b)  Area and Speed Comparisons	
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Conclusions	

•  Enhanced vectoring CORDIC uses less hardware 
resources, provides high speed and dissipates less 
power 

•  Novel systolic array architecture for QR 
decomposition saves area and accelerates the 
process without any accuracy penalty 
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Future Work	

•  Apply the novel systolic array architecture for 
other size matrices 

•  Design a CORDIC chip to redo the QR and some 
other CORDIC based applications	
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