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ouf0] = 0; forall j in parallel do
forall j from 1 to n do temgjl= f(in[]);
ouf j]= ouffj-1] + f(in[j-1]); | all_prefix_sums( out, temp;
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void scan( float* output, float* input, int length)

{
output[0] = 0; // since this is a prescan, not a sc an
for(intj = 1; j < length; ++j)

output[j] = input[j-1] + output[j-1];
}

%/0 1 $$%.

for d:=1to log,ndo
forall kin parallel do
if k 2%then xK:=xk 2% +xK

%$ )% $ 2 3 "




) * "#
2 ! 0 %& 2
= 0/-1
># = /91 2 ! 0
log,n -1
2 n- 2%t =0(nlog, n)
? ' ) * 2 %&
2 8 &
0 %&
84
! 0 @ >#
"#1 forall
) * '
I>A4># 8
( &
2
&
2 & $
) temp[2][n] * & !
"H %& & 0
> f# (
) 908 SAA>H* +
for d:=1to log,ndo
forall kin parallel do
if k 2'then
x[outl[K] := X[in][k 2 %Y + X[in][K]
else
x[out][K] := X[in][K]
swap( in, ouf)
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X4 X35 X6 X7

d=1 | Z(x¢..X0) | Z(Xg..X1) | Z(X1..X2) | Z(X3..X3)

Y(X3..X4) | 2(Xg..X5) | 2(X5..Xg) | Z(X6..X7)

=2 Z(XO..XO) Z(XQHX]) Z(XCHXZ) Z(XQ..X3)

2(X1..Xq) | 2(X2..X5) | Z(X3..Xg) | Z(X4..X7)

d=3 | Z(Xg..X0) | Z(Xg..X1) | Z(Xe..X2) | Z(Xg..X3)

Y(Xg..Xq) | Z(Xg-X5) | Z(Xq..X6) | Z(Xg..X7)
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__global__ void scan( float *g_odata, float *g_idata, int n)
{
extern _ shared float templ]; // allocated on invocation

int thid = threadldx.x;
int pout =0, pin =1,

/l'load input into shared memory.

/I This is exclusive scan, so shift right by on
temp[pout*n + thid] = (thid > 0) ? g_idata[thid
__syncthreads();

for ( int offset = 1; offset < n; offset *= 2)
{

pout = 1 - pout; // swap double buffer indi

pin =1 - pout;

if (thid >= offset)
temp[pout*n+thid] += temp[pin*n-+thid -
else

temp[pout*n+thid] = temp[pin*n+thid];

__syncthreads();

}

g_odata[thid] = temp[pout*n+thid1]; // write ou

e and set firstelt to O
-1]1:0;

ces

offset];

tput

6 ) 7% ' $
$ $ % +
$ $+ ' 817




%9 3

@

R oo

2
(

;8
(

2

"# 1

1 $3%.

&
%&

8C)

%&

*<



) * "#
for d:=0to log,n-1 do
for kfrom Oto n—1by 2**'in parallel do
X[k+ 2 1] =xk+ - 1] +x [k+ 2 1- 1)
% ()& +32+: + 2 3"
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a=0 Xq >(X¢..X1) X) 2 (X0..X3) Xy > (X4..Xs) X¢ 2(X(..X7)
A
=1 X0 2(Xg..X1) X9 2(X..X3) X4 2(X4..Xs) X6 2(x4..X7)
/T A
a=2 XO Z(Xg..X]) X2 Z(Xg..X3) X4 Z(X4..X5) X6 Z(XG..X7)
=3 X0 X1 X2 X3 X4 X3 X6 X7
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An-1]1:=0
for d:=logghdownto O do
for kfrom Oto n—1by 2**'in parallel do
t:=xk+ 2 -1]
gk+ 2 - 1] i=x[k+ 21 1]
X[k+ 2 1] =t +x[k+ 2" 1-1]
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__global__ void prescan( float *g_odata, float *g_idata, int n)
{
extern __ shared__ float temp[]; // allocated on invocation
int thid = threadldx.x;
int offset =1,

{

}

{

}

mp[2*thid] = g_idata[2*thid];

mp[2*thid+1] = g_idata[2*thid+1];

for (int d=n>>1;d>0;d>>=1)

__syncthreads();
if (thid <d)

int ai = offset*(2*thid+1)-1;

bi = offset*(2*thid+2)-1;

int

templbi] += templai];
}

offset *= 2;

if (thid==0){temp[n-1]=0;}

for (int d=1;d<n;d*=2)

offset >>= 1,
__syncthreads();

if (thid < d)

int  ai = offset*(2*thid+1)-1;

int bi = offset*(2*thid+2)-1;

float t =templai];
templai] =templbi];
temp[bi] +=1t;
syncthreads();

_odata[2*thid] = temp[2*thid];

_odata[2*thid+1] = temp[2*thid+1];

/l load input into shared memory

// build sum in place up the tree

/I clear the last element

/I traverse down tree & build scan

I write results to device memory
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CONFLICT_FREE_OFFSET ,
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#define  NUM_BANKS 16
#define LOG_NUM_BANKS 4

#ifdef ZERO_BANK_CONFLICTS
#define CONFLICT_FREE_OFFSET(n) \

((n) >> NUM_BANKS + (n) >> (2 * LOG_NUM_BANKS))
f#else

#endif

#define  CONFLICT_FREE_OFFSET(n) ((n) >> LOG_NUM_BANKS)
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NUM_BANK37* $ ; )
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g_odata +
13

int ai = thid;
int bi = thid + (n/2);

int bankOffsetA = CONFLICT_FREE_OFFSET(ai);
int bankOffsetB = CONFLICT_FREE_OFFSET(ai);

templ[ai + bankOffsetA] = g_idata[ai];
temp[bi + bankOffsetB] = g_idata[bi];

3

int ai = offset*(2*thid+1)-1;
int bi = offset*(2*thid+2)-1;
ai += CONFLICT_FREE_OFFSET(ai);
bi += CONFLICT_FREE_OFFSET(bi);

"3

if (thid==0) { temp[n — 1 + CONFLICT_FREE_OFFSET(n -1)]=0;}

+3

g_odata[ai] = temp[ai + bankOffsetA];
g_odata[bi] = temp[bi + bankOffsetB];
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int ai *(2*thid+1)-1;
int bi = *(2*thid+2)-1;
temp[bi] += temp[ail];

Offset = 1 Address (ai] stride is 2 2-
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ai
thid
Bank
ai . - ol - . - - P . F 57
thid | ¢ Z g 4 £ 6 7 € < 1C 11 12 13 14 15
int ai = * (2+thid+1)-1;
int bi = *(2+thid+2)-1;
ai += ai / NUM _BANKS;
bi += bi / NUM_BANKS;
temp[bi] += templ[ai];
Offset = 1 16
Bank | ¢ Z g 4 £ 6 7 € < 1C 11 12 13 14 15
B
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Offset = 2 16
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1024 0.002231 0.079492 0.03
32768 0.072663 0.106159 0.68
65536 0.146326 0.137006 1.07
131072 0.726429 0.200257 3.63
262144 1.454742 0.326900 4.45
524288 2.911067 0.624104 4.66
1048576 5.900097 1.118091 5.28
2097152 11.848376 2.099666 5.64
4194304 23.835931 4.062923 5.87
8388688 47.390906 7.987311 5.93
16777216 94.794598 15.854781 5.98
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