
RSSI 2008

©2008 SRC Computers, Inc.  ALL RIGHTS RESERVED 

www.srccomputers.com

Algorithm Optimization Case 

Study

Edge Detection

David Caliga

SRC Computers, Inc.



RSSI 2008

©2008 SRC Computers, Inc.  ALL RIGHTS RESERVED 

www.srccomputers.com

Edge Detect Algorithm

¸ Median Filter to remove noise
ï3 x 3 stencil

¸ Prewitt or Sobel Edge Detect
ïUses 3 x 3 stencil for X and Y templates to calculate 

gradient values

ÅPrewitt templates

ÅPrewitt gradient 

ïSQRT (X*X + Y*Y) / 4

X Template        Y Template         Pixel data 

- 1  0  1           0  0  0          a00 a01 a02

1  1  1          - 1  0  1          a10 a11 a12

- 1  0  1          - 1 - 1 - 1          a20 a12 a22

X = - 1*a00 + 1*a02 - 2*a10 + 2*a12 - 1*a20 + 1*a22

Y =  1*a00 + 2*a01 + 1*a02 - 1*a20 - 2*a21 - 1*a22
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Sample Code

Median Filter Code Edge Detect Code

for (i=0; i<py - 2; i++)

for (j=0; j<px - 2; j++) {

// get 9 input values in 3x3 stencil 

a00 = REF (AL, i, j);

a01 = REF (AL, i, j+1);

a02 = REF (AL, i, j+2);

a10 = REF (AL, i+1, j);

a11 = REF (AL, i+1, j+1);

a12 = REF (AL, i+1, j+2);

a20 = REF (AL, i+2, j);

a21 = REF (AL, i+2, j+1);

a22 = REF (AL, i+2, j+2);

// compute median filter

median_9 (a00, a01, a02, 

a10, a11, a12, 

a20, a21, a22, &px);

// write output value to memory

REF (BL, i, j) = px; }

for (i=0; i<py - 2; i++)

for (j=0; j<px - 2; j++) {

// get 8 input values in 3x3 stencil

b00 = REF (BL, i, j);

b01 = REF (BL, i, j+1);

b02 = REF (BL, i, j+2);

b10 = REF (BL, i+1, j);

b12 = REF (BL, i+1, j+2);

b20 = REF (BL, i+2, j);

b21 = REF (BL, i+2, j+1);

b22 = REF (BL, i+2, j+2);

// apply template

hz = (b00 + b01 + b02) ï

(b20 + b21 + b22);

vt = (b00 + b10 + b20) ï

(b02 + b12 + b22);

// compute gradient

px = sqrtf (hz*hz+vt*vt);

// write output value to memory

if ((i>=2) & (j>=2))

REF (CL, i - 2, j - 2) = px>255?255:px; }
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Optimization Process

¸ Iterative process
ïMaximize computation per loop iteration

ïFlatten nested loops

ïDo things in parallel

ïOverlap DMAs and compute

ïMaximize use of communication bandwidth

¸ Keep going until you run out of a resource
ïOff-chip Memory (OBM) accesses per clock

ïComputational logic

ï Internal memory blocks

ïMultipliers

ïEtc.
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Optimization

Loop Firing Rate

¸ Goal: Make computational loops fire every clock

¸ Things that can prevent getting to the goal

ïMultiple accesses per clock to memories

ÅExample of median code loop

ïLoop carried scalar problems

ÅEg:   sxloc1++;

if (sxloc1 == px-1)  sxloc1 = 0;

##################        INNER LOOP SUMMARY      ####################

loop on line 41:

clocks per iteration:    9

multiple reads of 'OBM bank A' required 8 additional clocks

##################        INNER LOOP SUMMARY      ####################

loop on line 52:

clocks per iteration:    3

loop - carried var 'sxloc1' required 2 additional clocks

######################################################################
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Optimization

Flatten Nested Loops

¸ Nested Compute time

ïTime = Outer_cnt-1 * ((Inner_cnt-1 + pipeline depth) 

+ outer_work)

ïNot optimal if the pipeline depth is ñlargeò relative to inner 

trip count

ïNot optimal if ñouter_workò is large

¸ Flattened Compute time

ïTime = (Outer_cnt * Inner_cnt) ï1 + ñnew pipeline depthò
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Optimization

Eliminate Loop Carried Scalars

¸ CarteÊ supplies many functions for users to 

implement in their codes

ïAccumulators

ïCounters

ïBitwise operations

ïMin, Max

ïEtc.
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Optimization

Flattened Loops

Median Filter Code Edge Detect Code

for (n=0; n<(py-2)*(py-2); n++)

cg_count_ceil_32 (1, 1, n==0, px-2,   &i);

cg_count_ceil_32 (i==1, 1, n==0,   0xffffffff, &j);

a00 = REF (AL, i, j);

a01 = REF (AL, i, j+1);

a02 = REF (AL, i, j+2);

a10 = REF (AL, i+1, j);

a11 = REF (AL, i+1, j+1);

a12 = REF (AL, i+1, j+2);

a20 = REF (AL, i+2, j);

a21 = REF (AL, i+2, j+1);

a22 = REF (AL, i+2, j+2);

median_9 (a00, a01, a02, 

a10, a11, a12, 

a20, a21, a22,       

&px);

REF (BL, i, j) = px; }

for (n=0; n<(py-2)*(py-2); n++)

cg_count_ceil_32 (1, 1, n==0, px-2,  &i);

cg_count_ceil_32 (i==1, 1, n==0,  0xffffffff, &j);
b00 = REF (BL, i, j);

b01 = REF (BL, i, j+1);

b02 = REF (BL, i, j+2);

b10 = REF (BL, i+1, j);

b12 = REF (BL, i+1, j+2);

b20 = REF (BL, i+2, j);

b21 = REF (BL, i+2, j+1);

b22 = REF (BL, i+2, j+2);

hz = (b00 + b01 + b02) ï

(b20 + b21 + b22);

vt = (b00 + b10 + b20) ï

(b02 + b12 + b22);

px = sqrtf (hz*hz+vt*vt);

if ((i>=2) & (j>=2))

REF (CL, i - 2, j - 2) = px > 255 ? 255 : px; }
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Performance Gains
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Optimization

Remove Multiple Reads to OBM

¸ Major loop slowdown noted by compiler is 

because compute loops want 9 or 8 array values 

from a single memory per loop iteration

¸ Solution: Use delay queue feature in CarteÊ

compiler
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Pipelining Stencil Code

9 points in stencil.  

Compute Process

Move a window through the image

Data access input(i)

x3

x6

x9

x1

x4

x7

x2

x5

x8

Compute f(x1,x2,..x9) 

Data Storage f(x)
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Pipelining Stencil Code

Compute Process

Move a window through the image

Data access input(i)

x3

x6

x9

x1

x4

x7

x2

x5

x8

Compute f(x1,x2,..x9) 

Data Storage f(x)

9 points in stencil.  

6  have been seen 

before.  
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Pipelining Stencil Code

Compute Process

Move a window through the image

Data access input(i)

x3

x6

x9

x1

x4

x7

x2

x5

x8

Compute f(x1,x2,..x9) 

Data Storage f(x)

9 points in stencil.  

6 have been seen 

before.  
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Pipelining Stencil Code

Compute Process

Move a window through the image

Data access input(i)

x3

x6

x9

x1

x4

x7

x2

x5

x8

Compute f(x1,x2,..x9) 

Data Storage f(x)

9 points in stencil.  

6 have been seen 

before.  
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Pipelining Stencil Code

Compute Process

Move a window through the image

Data access input(i)

x3

x6

x9

x1

x4

x7

x2

x5

x8

Compute f(x1,x2,..x9) 

Data Storage f(x)

9 points in stencil.  

8 have been seen 

before.  
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Pipelining Stencil Code

Compute Process

Move a window through the image

x3

x6

x9

x1

x4

x7

x2

x5

x8

Compute f(x1,x2,..x9) 

Data Storage f(x)

9 points in stencil.  

8 have been seen 

before.  

The leading point 

should be the only 

data access.
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Stencil Data Flow

x3

x6

x9

x1

x4

x7

x2

x5

x8

9 Scalars

(16 ïunit Shift Register, 

remembers previous row)

Data access f(x)Data access input(x)Compute f(x1,x2,..x9) 

Data Storage f(x)
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Stencil Data Flow

Data access input(i)Output(i)

i0

i0

Compute f(x1,x2,..x9)
delayq(in,&out);
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Stencil Data Flow

Data access input(i)Output(i)

i1i0

i0 i1

Compute f(x1,x2,..x9)
delayq(in,&out);
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Stencil Data Flow

Data access input(i)Output(i)

i2i0 i1

i0 i1 i2

Compute f(x1,x2,..x9)
delayq(in,&out);
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Stencil Data Flow

Data access input(i)Output(i)

i3i1 i2

i0 i1 i2 i3

Compute f(x1,x2,..x9)
delayq(in,&out);
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Stencil Data Flow

Data access input(i)Output(i)

i4i2 i3

i0 i1 i2 i3 i4

Compute f(x1,x2,..x9)
delayq(in,&out);
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Stencil Data Flow

Data access input(i)Output(i)

i5i3 i4

i0 i1 i2 i3 i4 i5

Compute f(x1,x2,..x9)
delayq(in,&out);
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Stencil Data Flow

Data access input(i)Output(i)

i6i4 i5

i0 i1 i2 i3 i4 i5 i6

Compute f(x1,x2,..x9)
delayq(in,&out);
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Stencil Data Flow

Data access input(i)Output(i)

i15i13 i14

i1 i2 i3 i4 i5 i6 i7 i7 i9 i10 i11 i12 i13 i14 i15i0

Compute f(x1,x2,..x9)
delayq(in,&out);
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Stencil Data Flow

Data access input(i)Output(i)

i0

i16i14 i15

i2 i3 i4 i5 i6 i7 i8 i9 i10 i11 i12 i13 i14 i15 i16

i0

i1

Compute f(x1,x2,..x9)
delayq(in,&out);


