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1. Write a MaxCompiler kernel program that takes three input streams x, y and z which are hwInt(32) and computes an output stream p, where:
Solution :

class Exercise1Kernel extends Kernel {

private static final DFEType type = dfeInt(32);

protected Exercise1Kernel(KernelParameters parameters) {


super(parameters);


DFEVar x = io.input("x", type);


DFEVar y = io.input("y", type);


DFEVar z = io.input("z", type);


DFEVar p = z > x ? x + y + 2 : (z < x ? (x + z) * 2 :x * y * z);


io.output("p", p, type);

}
}
2. Draw the dataflow graph generated by the following program: 
[image: image7.emf]otherwise
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Solution:

[image: image9.png]



3. Write a MaxCompiler kernel program (using hwFloat(8,24)) that computes and draw the kernel dataflow graph.
[image: image8.wmf]otherwise
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Solution :

class Exercise3Kernel extends Kernel {

private static final DFEType type = dfeFloat(8,24);

protected Exercise3Kernel(KernelParameters parameters) {


super(parameters);


DFEVar p = io.input("p", type);


DFEVar c = io.scalarInput("c", type);


DFEVar k = io.scalarInput("k", type);


DFEVar q = p > k ? p + c : p * c;


io.output("q", q, type);

}
}

4. Write a MaxCompiler kernel program that computes a 3x3 2D moving average on a single input stream of 1024x1024 values, ignoring any boundary conditions.
Solution :
class Exercise4Kernel extends Kernel {

private static final DFEType type = dfeInt(32);

protected Exercise4Kernel(KernelParameters parameters) {


super(parameters);


DFEVar matrix = io.input("matrix", type);


DFEVar window[] = new DFEVar[9];


int k = 0;


for (int x = -1; x <= 1; x++)



for (int y = -1; y <= 1; y++)



window[k++] =  stream.offset(matrix, x + y * 1024) ;


DFEVar sum = constant.var(type, 0);


for (DFEVar dfeVar : window) {



sum = sum + dfeVar;


}


DFEVar result = sum / 9;


io.output("z", result, type);

}
}
5. Extend the 3x3 moving average kernel to support a variable problem size at run-time, from 2562 to 20482. 
Solution :
class Exercise5Kernel extends Kernel {

private static final DFEType type = dfeInt(32);

private static int low = 256 * 256;

private static int high = 2048 * 2048;

protected Exercise5Kernel(KernelParameters parameters) {


super(parameters);


DFEVar matrix = io.input("matrix", type);


OffsetExpr Nof = stream.makeOffsetParam("Nof", low, high);


DFEVar window[] = new DFEVar[9];


int k = 0;


for (int x = -1; x <= 1; x++)



for (int y = -1; y <= 1; y++)



window[k++] =  stream.offset(matrix, x + y * Nof) ;


DFEVar sum = constant.var(type, 0);


for (DFEVar dfeVar : window) {



sum = sum + dfeVar;


}


DFEVar result = sum / 9;


io.output("z", result, type);

}
}

6. Write a MaxCompiler kernel that takes one hwFloat(8,24) input stream and adds it to a hwFloat(11, 53) input stream to produce a hwFloat(11, 53) result. 
Solution : 
class Exercise6Kernel extends Kernel {

private static final DFEType type1 = dfeFloat(8,24);

private static final DFEType type2 = dfeFloat(11,53);

protected Exercise6Kernel(KernelParameters parameters) {


super(parameters);


DFEVar x = io.input("x", type1);


DFEVar y = io.input("y", type2);


DFEVar sum = x.cast(type2) + y;


io.output("s", sum, type2);

}
}
7. Write pseudo-code algorithms for ASAP and ALAP scheduling of a dataflow graph
Solution :

ASAP:

Schedule V0 at t0=0;

do 

Select Vi with all scheduled predecessors;


Schedule Vi at ti = max {tj+dj}; // vj is a predecessor of vi;

while(vn not scheduled);

Return tn;
ALAP:

Schedule Vn at t0= x.
do
Select vi with all scheduled successors

Schedule vi at ti = min {tj-dj}; // vj is a succecessor of vi.
while(V0 not scheduled);
8. Consider a MaxCompiler kernel with inputs a1, a2, a3, a4 and an output c. 
Draw the dataflow graph and draw the buffering introduced by ASAP scheduling to:

Solution:
a) c =  ( (a1 + a2) + a3) + a4
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b) c =  (a1 + a2) + (a3 + a4)
[image: image4.png]



9. For the questions below, assume that the latency of an addition operation is 10 cycles, and a multiply takes 5 cycles, while inputs/outputs take 0 cycles.
Consider a MaxCompiler kernel with inputs a1, a2, a3, a4 and an output c.

Draw the dataflow graph and how many values of stream a1 will be buffered on-chip for (b)?

Solution :

a) c = ((a1 * a2) + (a3 * a4)) + a1

[image: image5.png]«——— Buffer should be used




b) c = stream.offset(a1, -10)*a2 + stream.offset(a1, -5)*a3 + stream.offset(a1, +15)*a4
[image: image6.png]



�EMBED Equation.3���


for (int i = 0; i < 6; i++) {


	HWVar x = io.input(“x”+i, hwInt(32));


	HWVar y = x;


	if (i % 3 != 0) {


		for (int j = 0; j < 3; j++) {


			y = y + x*j;


		}


	} else {


		y = y * y; 


	}


	io.output(“y”+i, y, hwInt(32));


}











No need for buffers.





25 values of stream a1 will be buffered.
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