
Irregular Control Flow in Vector 
Processor 

Huy Vo 



Overview of Vector Architecture 

for(i = 0; i < 100; i++){ 

  A[i] = B[i] * C[i] + D[i] 

} 

Vectorizable C Code 

ld x1, 0(B) 

ld x2, 0(C) 

ld x3, 0(D) 

mul x4, x1, x2 

add x5, x3, x4 

sd x5, 0(A) 

Scalar Assembly Code 

vld vx1, B 

vld vx2, C 

vld vx3, D 

vmul vx4, vx1, vx2 

vadd vx5, vx3, vx4 

vsd vx5, A 

Traditional Vector Assembly 

Code 

ld x1, B 

ld x2, C 

ld x3, D 

mul x4, x1, x2 

add x5, x3, x4 

sd x5, A 

stop 

Vector Fetch Assembly 

Code 
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Conditionals in Vector Code 

for(i = 0; i < 100; i++){ 

  if ( B[i] > C[i] ) { 

    A[i] = B[i] / C[i] - D[i] 

  } else { 

    A[i] = B[i] * C[i] + D[i] 

  } 

} 

 ld x1, B 

 ld x2, C 

 ld x3, D 

if: 

 bge x1, x2, else 

 div x4, x1, x2 

 sub x5, x4, x3 

 j exit 

else: 

 mul x4, x1, x2 

 add x5, x4, x3 

exit 

 sd x5, A 

 stop 

Conditional Vector Assembly 

Code 

Vectorizable Conditional C 

Code 



Managing Divergence In Hardware 

• Hardware uses masks to track divergent state 
 
• On a branch, two things can happen 

• all the µthreads go in the same way 
• the µthreads diverge 
 

• If all µthreads go the same way, then 
continue execution at either the taken or 
non-taken pc with a full mask 

 
• If µthreads diverge, then  

1. calculate taken & non-taken mask 
2. save taken mask & pc 
3. continue execution with non-taken 

mask & pc until stop 
4. execute taken mask & pc until stop 

 ld x1, B 

 ld x2, C 

 ld x3, D 

if: 

 bge x1, x2, else 

 div x4, x1, x2 

 sub x5, x4, x3 

 j exit 

else: 

 mul x4, x1, x2 

 add x5, x4, x3 

exit 

 sd x5, A 

 stop 

Conditional Vector Assembly 

Code 



Managing Divergence In Hardware 

 ld x1, B 

 ld x2, C 

 ld x3, D 

if: 

 bge x1, x2, else 

 div x4, x1, x2 

 sub x5, x4, x3 

 j exit 

else: 

 mul x4, x1, x2 

 add x5, x4, x3 

exit 

 sd x5, A 

 stop 

Conditional Vector Assembly 

Code 



Vector Conditional Execution Example 

1111 ld x1, B 

 ld x2, C 

 ld x3, D 

if: 

 bge x1, x2, else 

 div x4, x1, x2 

 sub x5, x4, x3 

 j exit 

else: 

 mul x4, x1, x2 

 add x5, x4, x3 

exit 

 sd x5, A 

 stop 
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Problem With This Method 
• Pending Vector Fragment Buffer 

(PVFB) grows quadratically in 
hardware vector length 
 

• puts restriction on the hardware 
vlen 
 

• branch resolution latency 



How To Fix This 
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µthread 63 - 32 



How To Fix This 

µthread 95 - 64 



How To Fix This 

µthread 127 - 96 



Problems With This Method 
• Good 

• Removes restriction on 
hardware vlen 

• Better at hiding latencies 
• Bad 

• Instructions are fetched more 
than they are needed 
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Critical Path 



Binary Search 



vvadd 



Complex Multiply 



Masked Filter 



Conclusion 

4 Threads 

8 Threads 
16 Threads 

binary search 



Future Work 

• Exotic pvfb design 
• Hybrid 
• Compact encoding of mask 
 

• reconvergence 
 


