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Modified 2-D Convolution Algorithm (cont’d)

§ Filter kernel
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§ Equation for convolution algorithm
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Modified 2-D Convolution Algorithm (Contd.)

§ Observations
§ filter kernel h? is symmetric to s-axis and t-axis
§ g (m, n), g (2i – m, n), g (m, 2j - n) and g (2i – m, 2j – n) 

include the same product term h? (m - i, n - j) p (i, j) and 
form a group

§ idea of modified convolution is to utilize each product 
term as much as possible

§ in our implementation, if a product term is computed 
for one convolved projection data g (m, n), it can be 
used to update 3 other members of the group

§ Shortcomings
§ check each time, whether a product term for a member 

of a group already exists or computed
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Modified 2-D Convolution Algorithm (Contd.)

§ A scheme used to overcome
§ is to utilize geometrical symmetry in the projection circle
§ g (m, n), g (n, m), g (-n, m), g (-n, -m), g (-m, n), g (-m, -n), g (m, -n), 

g (n, -m) all correspond to the same group
§ g checking

§ a product term h? (m - i, n - j) p (i, j) is computed only when both 
of g (m, n) and p (i,  j) are inside the projection circle

§ k –checking
§ a member in a k-group is updated by the associated product term, 

when the member is inside the projection circle
§ advantage 

§ Information derived from g-checking and k-checking can be 
shared by all members in a k-group
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Modified 2-D Convolution Algorithm (Contd.)
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Parallelization (cont’d)
§ task partitioning in backprojection stage
§ when γ is large, maximum 4 PE of iPSC/2 is assigned 

to backprojection
§ when # of PE = 2

§ the object is divided into four spaces by sz’ and ts`plane
§ four spaces form two volume
§ each volume is assigned to each PE
§ one volume consists of two spaces containing beam in the first 

(+s, +t) and in the third quadrant (-s, -t)
§ other volume consists of the other two spaces
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Parallelization (cont’d)
§ Communication Patten

§ Broadcasting
§ a projection data set and a filter kernel 

associated with a particular ? is sent to 
PE0 from cubemanager

§ PE0 broadcasts to all other PE’s
§ Integration

§ the convolved projection data is 
integrated to a PE called gate node

§ this integrated data is again broadcasted
§ the partially reconstructed target images 

are integrated into a PE called return 
node

§ the final reconstructed target image is 
sent back to cubemanager  from return 
node

§ Pseudo binary tree structure for 
communication
§ each PE represents more nodes 
§ provides high utilization of PE
§ requires more communication
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Result
§Observations

§For larger image size larger speed 
up and efficiency

§For image size 31, the speed up for 
Tn = 32 is lower than that of Tn = 31
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Result (Cont’d)
§1st brdcst: time for each PE to acquire data 
after synchronization

§brdcst : total broadcasting time except the 
first data

§integrate : total integration time

§node time:  total processing time for a PE

§compute : net time for computation

§utilize : compute/node time

§Observations
§computational load not well balanced

§for some PE5 load is as high as 9676

§for some PE20 load is as low as 4801

§load distribution in backprojection is 
relatively balanced


