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Motivation 
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Great performance comes from deep understanding of 

hardware architecture, compiler, and the algorithm. 

 

Compiler tools must educate the user about the underlying 

architecture and how userôs algorithm fits onto it. 

 

 

How differences in FPGA architecture lead to  

differences in OpenCL FPGA compiler tools. 



Talk Overview 
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How are FPGAs different from other architectures? 
1. Computation in Space versus Time 

2. Importance of Area 

3. Loop Pipelining 

4. Local Memory Flexibility 

5. (other ways weôre not going to cover here) 

 

Altera SDK for OpenCL Tools that deal with these 

concepts. 

 



1. Computation in Space 
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A simple 3-address CPU 
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Load memory value into register 
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Add two registers, store result in register 
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A simple program 

Mem[100] += 42 * Mem[101] 

 

CPU instructions: 
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R0 ă Load Mem[100] 

R1 ă Load Mem[101] 

R2 ă Load #42 

R2 ă Mul R1, R2 

R0 ă Add R2, R0 

Store R0 Ą Mem[100] 

 



CPU activity, step by step 
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A 

Time 



Unroll the CPU hardwareé 
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é and specialize by position 
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R1 ă Load Mem[101] 
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1. Instructions are fixed.  

Remove ñFetchò 



é and specialize 
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Store R0 Ą Mem[100] 
A 

1. Instructions are fixed. 

Remove ñFetchò 

2. Remove unused ALU ops 

 



é and specialize 
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é and specialize 
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R0 ă Load Mem[100] 

R1 ă Load Mem[101] 

R2 ă Load #42 

R2 ă Mul R1, R2 

R0 ă Add R2, R0 

Store R0 Ą Mem[100] 

1. Instructions are fixed. 

Remove ñFetchò 

2. Remove unused ALU ops 

3. Remove unused Load / Store 

4. Wire up registers properly!  

And propagate state. 

 



é and specialize 
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R0 ă Load Mem[100] 

R1 ă Load Mem[101] 

R2 ă Load #42 

R2 ă Mul R1, R2 

R0 ă Add R2, R0 

Store R0 Ą Mem[100] 

1. Instructions are fixed. 

Remove ñFetchò 

2. Remove unused ALU ops 

3. Remove unused Load / Store 

4. Wire up registers properly!  

And propagate state. 

5. Remove dead data. 

 



Optimize the Datapath 
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R0 ă Load Mem[100] 

R1 ă Load Mem[101] 

R2 ă Load #42 

R2 ă Mul R1, R2 

R0 ă Add R2, R0 

Store R0 Ą Mem[100] 

1. Instructions are fixed. 

Remove ñFetchò 

2. Remove unused ALU ops 

3. Remove unused Load / Store 

4. Wire up registers properly!  

And propagate state. 

5. Remove dead data. 

6. Reschedule! 

 



Data parallel kernel 
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__kernel  void  
sum(__global  const float *a,  
__global  const float *b,  
__global  float *answer)  
{  
int  xid  = get_global_id (0);  
answer[ xid ] = a[ xid ] + b[ xid ];  
}  

float *a =  

float *b =  

float *answer =  

0 1 2 3 4 5 6 7 

7 6 5 4 3 2 1 0 

7 7 7 7 7 7 7 7 

__kernel  ÖÏÉÄ ÓÕÍƽ ƛ ƾƘ 



Example Datapath for Vector Add 

On each cycle the portions of the 

datapath are processing different 

threads 

While thread 2 is being loaded, 

thread 1 is being added, and thread 

0 is being stored 
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