§Matrix Operations


Transposition


a matrix : 


� EMBED Equation.2  ���


the transpose of A :


� EMBED Equation.2  ���


mesh transpose


� EMBED Equation.2  ��� : stay stationary


� EMBED Equation.2  ���, i < j : 


� EMBED Visio.Drawing.4  ���


� EMBED Equation.2  ���, i > j :


� EMBED Visio.Drawing.4  ���


�


The path between � EMBED Equation.2  ��� and � EMBED Equation.2  ��� is of length 2n-1.


time: O(n)





�
EREW transpose


�


� EMBED Equation.2  ��� processors are used to perform transposition.


� EMBED Equation.2  ���


time: � EMBED Equation.2  ���


�
shuffle transpose


�


�
A: an n×n matrix   (� EMBED Equation.2  ���)n×n


� EMBED Equation.2  ���


The elements of A are stored in the processors in the row-major style.


If processor k stores � EMBED Equation.2  ���, then


� EMBED Equation.2  ���


After transposition, processor k stores � EMBED Equation.2  ��� which is stored in processor h originally, 


� EMBED Equation.2  ���


e.q. q = 4


source		� EMBED Equation.2  ���


destination	� EMBED Equation.2  ���


After q shuffles, the transposition is done.


time:� EMBED Equation.2  ���


�
Matrix-by-vector multiplication


�


linear array multiplication


�


m processors, � EMBED Equation.2  ��� steps


time: � EMBED Equation.2  ���


�
tree multiplication


�


pipeline


� EMBED Equation.2  ��� steps


time: � EMBED Equation.2  ���


�
matrix-by-matrix multiplication


� EMBED Equation.2  ���� EMBED Equation.2  ���


mesh multiplication


�


time: � EMBED Equation.2  ���  when m(n, k(n


# of processors: m×k.


�
cube multiplication


the mapping of an n-cube with 16 processors into a 4×4 mesh-connected network:


�


An n-cube connected network can simulate a � EMBED Equation.2  ��� mesh-connected network.


Every algorithm implemented on a mesh-connected network can be implemented on an n-cube connected network.


In fact, each row or each column is a ring.


�
� EMBED Equation.2  ���


compute A×B


�


�
Step1:


�


	calculate:


a11 b11, 	a11 b12,	a11 b13, 	a11 b14


a22 b21, 	a22 b22, 	a22 b23,	a22 b24


a33 b31,	a33 b32,	a33 b33,	a33 b34


a44 b41,	a44 b42,	a44 b43,	a44 b44


�
Step2:


� EMBED Visio.Drawing.4  ���





� EMBED Visio.Drawing.4  ���
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	�
calculate:


� EMBED Equation.2  ���


Step 3:


� EMBED Equation.2  ���


Step 4:


� EMBED Equation.2  ���


time: � EMBED Equation.2  ��� for n×n matrix multiplication 


processors: � EMBED Equation.2  ���


an � EMBED Equation.2  ��� matrix multiplication algorithm





�


�
faster matrix multiplication on cubes


time: � EMBED Equation.2  ���


processors: � EMBED Equation.2  ���


� EMBED Equation.2  ���


main idea:


� EMBED Equation.2  ��� scale multiplications are done at the same time. Then for each cij, n processors are used to perform summation.


Let � EMBED Equation.2  ���, � EMBED Equation.2  ���.


The cube is viewed as an � EMBED Equation.2  ��� array.


� EMBED Equation.2  ���


Step 1: Broadcast � EMBED Equation.2  ��� and � EMBED Equation.2  ��� in a subcube with n processors.


� EMBED Equation.2  ���, � EMBED Equation.2  ���


Step 2: � EMBED Equation.2  ���


Step 3: In each subcube with n processors,


� EMBED Equation.2  ��� is computed.


Lower bound for summing n elements on any interconnection network with n processors: � EMBED Equation.2  ���


Lower bound for matrix multiplication: � EMBED Equation.2  ���
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