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Edge Detect Algorithm

Median Filter to remove noise
I 3 x 3stencil

Prewitt or Sobel Edge Detect

I Uses 3 x 3 stencil for X and Y templates to calculate
gradient values

A Prewitt templates
X Template Y Template Pixel data

-101 00O a00 a01 a02
111 -101 al0 all al2
-101 -1-1-1 a20 al2 a22
X = -1*a00 + 1*a02 - 2*al0 + 2*al2 - 1*a20 + 1*a22
Y = 1*a00 + 2*a01 + 1*a02 - 1*a20 - 2*a2l1 - 1*a2?

A Prewitt gradient
I SQRT (X*X + Y*Y) /4
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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++H){
/I get 9 input values in 3x3 stencil
a00 = REF (AL, i, J);
a0l = REF (AL, i, j+1);
a02 = REF (AL, i, j+2);

al0 = REF (AL, i+1, j);
all = REF (AL, i+1, j+1);
al2 = REF (AL, i+1, j+2);

a20 = REF (AL, i+2, j);
a2l = REF (AL, i+2, j+1);
a22 = REF (AL, i+2, j+2);

/I compute median filter
median_9 (a00, a01, a02,
alo, all, al2,
a20, a21, a22, &px);

Il write output value to memory
REF (BL, i, J) = px; }

for (i=0; i<py - 2; i++)
for (j=0; j<px -2; j+H){
/I get 8 input values in 3x3 stencil
b00 = REF (BL, i, j);
b0l = 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);

Il apply template
hz = (b00 + b01 + b02) |
(b20 + b21 + b22);
vt = (b00 + b10 + b20) T
(b02 + b12 + b22);

/I compute gradient
px = sqrtf (hz*hz+vt*vt);

Il write output value to memory
if ((>=2) & (>=2))

REF (CL,i -2,j -2)=px>2557255:px; }
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Optimization Process

Iteratlve Process

Maximize computation per loop iteration
Flatten nested loops

Do things in parallel

Overlap DMAs and compute

Maximize use of communication bandwidth

Keep going until you run out of a resource

Off-chip Memory (OBM) accesses per clock
Computational logic

Internal memory blocks

Multipliers

Etc.
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Optimization
Loop Firing Rate

Goal: Make computational loops fire every clock

Things that can prevent getting to the goal

I Multiple accesses per clock to memories

A Example of median code loop

HEHEHHHHHHE INNER LOOP SUMMARY  ###HHHHEHHEHHHEHHHEHHH
loop on line 41:

clocks per iteration: 9
multiple reads of ‘'OBM bank A' required 8 additional clocks

I Loop carried scalar problems
A Eg: sxlocl++;

If (sxlocl == px-1) sxlocl = 0;
A INNER LOOP SUMMARY  H##HHHHHHHHHHIHH
loop on line 52:
clocks per iteration: 3
loop - carried var 'sxlocl' required 2 additional clocks
T R T T T T A
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Optimization
Flatten Nested Loops

Nested Compute time
I Time = Outer_cnt-1 * ((Inner_cnt-1 + pipeline depth)
+ outer_work)

I Not opti mal | f the pipeli ne de
trip count
I Not opti mal | f houter wor ko 1 s

Flattened Compute time
I Time = (Outer_ cnt*Inner cnt)T1  + Anew pipel i
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Optimization
Eliminate Loop Carried Scalars

CarteE supplies many functions for. users to
Implement in their codes

I Accumulators

| Counters

I Bitwise operations

I Min, Max

| Etc.
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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, &l);
cg_count_ceill 32 (1I==1, 1, n==0, OXffffiff, &);
a00 = REF (AL, i, j);
a0l = REF (AL, i, j+1);
a02 = REF (AL, i, j+2);

al0 = REF (AL,
all = REF (AL,
al2 = REF (AL,

i+1, j);
i+1, j+1);
i+1, j+2);

a20 = REF (AL,
a21 = REF (AL,
a22 = REF (AL,

i+2, j);
i+2, j+1);
i+2, j+2);

median_9 (a00, a01, a02,
alo0, all, al2,
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, Oxffffffff, &j);
b00 = REF (BL, i, j);
b01 = REF (BL, i, j+1);
b02 = REF (BL, i, j+2);

b10 = REF (BL,
b12 = REF (BL,

i+1, j);
i+1, j+2);

b20 = REF (BL,
b21 = REF (BL,
b22 = REF (BL,

i+2, j);
i+2, j+1);
i+2, j+2);

hz = (b00 + b01 + b02) |
(b20 + b21 + b22);

vt = (b00 + b10 + b20) |
(b02 + b12 + b22);

px = sqrtf (hz*hz+vt*vt);
if ((>=2) & (>=2))

REF (CL,i -2,j -2)=px>2557?255:px;}
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Performance Gains
640 x 480 Image
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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 CarteE
compiler
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Pipelining Stencil Code

Move a window through the image

Compute Process

9 points in stencil.

Compute f(X;,X5,--Xg)

l

Data Storage f(x)

Data access input(i)
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Pipelining Stencil Code

Move a window through the image

Compute Process
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Compute f(X;,X5,--Xg)

Data access input(i)

Data Storage f(x)
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Pipelining Stencil Code

Move a window through the image

Compute Process

e errreerrrErrr
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Compute f(X;,X5,--Xg)

Data access input(i)

Data Storage f(x)
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Pipelining Stencil Code

Move a window through the image

Compute Process

9 points in stencil.
6 have been seen
before.

Compute f(X;,X5,--Xg)

l

Data Storage f(x)
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Pipelining Stencil Code

Move a window through the image

Compute Process

9 points in stencil.
8 have been seen
before.

Compute f(X;,X5,--Xg)

l

Data Storage f(x)

Data access input(i)
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Pipelining Stencil Code

Move a window through the image

Compute Process
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Compute f(X;,X5,--Xg)

l

Data Storage f(x)
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Stencil Data Flow
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remembers previous row)

Compute f(Xq,X5,..Xg) Data access input(x)
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Stencil Data Flow
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Compute f(X;,X5,.-Xg)
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Stencil Data Flow
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Data access input(i)



Stencil Data Flow
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delayq(in,&out);

B Data access input(i)



Stencil Data Flow
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delayq(in,&out);

B Data access input(i)



Stencil Data Flow
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delayq(in,&out);

B Data access input(i)



Stencil Data Flow
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delayq(in,&out);

B Data access input(i)



Stencil Data Flow
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delayq(in,&out);

B Data access input(i)



Stencil Data Flow
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delayq(in,&out);

Data access input(i)



Stencil Data Flow
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delayq(in,&out);

Data access input(i)



