Data-Dependent Conditional Operations
Let’s consider absolute value of a vector calculation:
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Figure 3-10

Data-dependent conditional operations on vectors.




A general procedure for data dependent conditionals:

1. Save the PE enable bit Sk

2. Record the results of  a test in the mask bits

3. Mask the PEs, i.e. set each Sk to k-th mask bit

4. Do code for TRUE case

5. Complement the mask bit values and mask the PEs

6. Do code for FALSE case

7. Restore the original PE enable bits
Data-Dependent Conditional Operations (CONT 1)
Respective instructions follow:
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Figure 3-11

Cooperative SIMD instructions involving the mask.




Useful logical operations on mask (X[0] refers to mask register):
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Figure 3-12

Vector logic instructions useful for complex conditionals.




Data-Dependent Conditional Operations (CONT 2)
Selection operations:
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Figure 3-13

Selection operations on the mask.





Useful summary branch instructions:
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Figure 3-14

Branches on test result summaries.




SIMD pseudocode may be extended by the mask idea:
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Figure 3-15
Vector absolute value pseudocode using the mask.




Data-Dependent Conditional Operations (CONT 3)
Example of using the mask for scaling the columns of a matrix by their first element, unless that element is zero:
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Pseudo Code

NZ(k):= B[0.k] # 0,(0 < k = N—1):
fori:=1step 1 until N—1
Bli.k] := B[i. KI/B[0.AL. (NZ(K) | 0 = k = N—1):

Assembly Language

DATA 64 Number of PEs and matrix size.
DATA 0.0 Constant.

BOUIV 2 Row number is in index 2.
EQUIV 1 and the limit is in index 1.
Bes 64x64 Storage for the matrix.

ldxi 1,0 Set Tto start of columns.
cload ZRO Setall

cheast PE accumulators

movR toA to zero.

ceq B “Test first row for zeros.

not nask, mask Enable processors

mask corresponding to nonzeros.
ldx LIN,N Set up loop limit.

lod B,I Fetch row I and

div B scale it.and

sto B, I store it. if scale factor # 0.
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Figure 3-16
Column scaling using the mask register.




VECTOR LENGTH AND STRIP MINING
So far, examples have assumed that the length L of vectors is the same as the number N of processors. But we must be able to process arbitrary length vectors. There are two cases:

1. L<=N: If machine has a length register, len, set it to L. Mask can also control length by making it a vector of L ones followed by N-L zeros. Such a vector [11..100..0] is called a prefix vector Pr(L)

2. L>N: This case is done by 
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 operations of length N followed by one operation of length L mod N.

For vector computers with a length register, setting the register to a value L<N has the effect of automatically masking with a Pr(L).

Processing of a long vector in strips of N or fewer elements at a time is often referred to as a strip mining. It may be organized by:
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Figure 3-17

Pseudocode description of the vector looping instruction.




VECTOR LENGTH AND STRIP MINING (CONT 1)
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“igure 3-18
A vector looping instruction.




ROUTING DATA AMONG THE PEs
We assume that processors are connected by network allowing at least circular shifting of data:
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Figure 3-19
A minimal set of routing instructions.




CU address ca is taken as an integer shift distance modulo N and may be either constant in the instruction address field or may be a variable specified in a CU index register. It is assumed right circular in PE index order shift, with PE0 at the left.
ROUTING DATA AMONG THE PEs (CONT 1)
Let’s consider parallel prefix computation using shifts:
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Figure 3-20

Data dependence graph for prefix using shift routing




Assembly code for 8 PE vector computer:

lod
V



Get the input vector

movA toR
 

 
 and ready it for routing

route
+1



All PEs send their data right

ldxi
mask, =(01111111) 
 but only the last 7

mask



   
  perform

radd



    
    the add of the received data

movA
toR



Results of 

ldxi
mask, =(11111111) 
 the add are

mask



  
  sent two steps

route
+2


   
   to the right by all

ldxi
mask, =(00111111)
Received values are

mask



 
 used only by

radd



  
  the last 6 PEs

movA
toR



Results of

ldxi
mask, =(11111111)
 the add are

mask 



   
  sent four steps

route
+4


    
    by all

ldxi
mask, =(00001111)
Only 4 additions

mask



  
 are done

radd



    
   in the last step

Program 3-12. SIMD assembly code for parallel prefix using shift routing
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