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Pipelining
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When and How to Pipeline?
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Retiming
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Retiming (cont’d)
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Optimal Pipelining
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Example - Digital Correlator
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Example - Digital Correlator (cont’d)
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Retiming Algorithm
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Retiming Algorithm Approach
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Computing W and D
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Computing W and D
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Retiming: One Step at a Time
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Retiming: One Step at a Time (cont’d)
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Retiming: Problem Formulation
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Retimed Correlator
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Extensions to Retiming
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Systolic Arrays
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Example - Convolution
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Example - Convolution
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……x9……x8……x7……x6……x5……x4……x3……x2……x1……x0
* ** *

w3 w2 w1 w0

y3 = ΣΣΣΣ

Convolution - Another Look
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Convolution Example
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Convolution Example
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Example: Matrix Multiplication

� 5�����× C ��< ��Σ"��
� ��"�"<

Pipelining and Retiming 30

� � � � � � � � � �  

� � ��� ��� ��� �� �

� ��� ��� ��� �� � �

��� ��� ��� �� � � �

�  � � � � � �

�� ��� ��� ���

�� ��� ��� ���

�� ��� ��� ���

& & & ���

& & ��� ���

& ��� ��� ���

�� ��� ��� � �

�� ��� � � &

�� � � & &

�  & & &

Example: Matrix Multiplication



Pipelining and Retiming 31

Systolic Algorithms
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Systolic Architectures
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Systolic Computers
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Digital Correlator Revisited
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C-slow’ing a Circuit
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C-slowing/Retiming for Resource Sharing
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Computation spread over time
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