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[Abstract]

This paper presents a CUDA (Compute Unified Device Architecture) code to achieve correct GPU parallel segmented prefix
operation results with less than 32 segment length for large data arrays. Mark Harris and Michael Garland had published CUDA
code to address the tasks. This paper shows that their code does not generate correct results when the local segment length is less
than 32, discusses the cause of the problem, and presents a CUDA code that generates correct results. The segmented parallel
prefix operation presented in this paper can be applied as a building block to various large parallel processing algorithms including

the k-nearest neighbor search problems.
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Fig. 1. Exclusive scan operation (addition)
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Fig. 2. Logical view and hardware view of CUDA
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E 1. Compute capability 2.00MFE HS== 728 &=[10]

Table. 1. Some useful operations provided since compute
capability 2.0 [10]
primitives
(compute capability 2.0)

description

“Population Count”:

Count the number of bits that are set to 1 in
la 32 bit integer

[Returns :

Returns a value between 0 and 32 inclusive
representing the number of set bits.
IDescription:

Count the number of bits that are set to 1 in

int  popc (uint x)

X
“Count Leading Zeros™:

[Return the number of consecutive
high-order zero bits in a 32 bit integer.
[Returns:

[Returns a value between 0 and 32 inclusive
representing the number of zero bits.
[Description:

Count the number of consecutive leading
zero bits, starting at the most significant bit
(bit 31) of x.

int _ clz(uint x)

Evaluate predicate for all active threads of
the warp and return an integer whose Nth
bit is set if and only if predicate evaluates to
mon-zero for the Nth thread of the warp and
the Nth thread is active.

uint
__ballot(int predi)

__ballot ¥ sl=sofollA] SAlo A== warp W
A, 5 3270 zE=eA A7 2~ ET) 7 | predi
(“predicate”)7} 00] ol gk 79~ 3D 2~ =9 M (thread
index, 0~31)°l dFst= HIEE 12 AA3t R2HE
unsigned int ZS WHEHSIAL 1 #h2 warp U9 B 29
T} SA] TR 29 3004 ballot E5ro] A3 oA
= AAzIcHo] dAlol A= Thread ID 1758 31744 B%F
Predicate®] 445 0.2 7}14).

— N-th warp —

Thread ID Predicate
31
30

__ballot(predicate)

= 0000 0000 0000 0001 0000 1001 1000 0000,
= 67968,
16
15
14
13
12
11
10

©

|o|o|o|o|o|o|o|\l|m|o|o|_-|o|o|o|o|a~.|...“

O =N Wh U O N®

33 3. _ ballot &
Fig. 3. __ ballot function
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E 2. Mark Harris2} Michael Garland2| warp W5 &%t 0|Zl
prefix sum ZE=
Table. 2. Original intra-warp segmented binary prefix sum
code by Mark Harris and Michael Garland
__device  unsigned int lanemask ()
{

const unsigned int lane

= threadIdx.x & (WARP SIZE -1); //@®
return (1 << (lane)) - 1; //®

}
__device  unsigned int warp_segscan(bool p,

unsigned int hd)

const unsigned int mask = lanemask();

hd = (hd | 1) & mask;
unsigned int above = _ clz(hd) + 1;
unsigned int segmask = ~ ((~0U) >> above);

// Perform the scan

unsigned int b = ballot(p);
return _ popc(b & masklt & segmask);

2) Mark Harris ¢} Michael Garland®] 7-8 =
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kgl $4(3% 2 @) LSB(least significant bit)oll 4] F-E] &4} lane ¥
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= A|z=El Aol T,
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Size = 512 Return value'
33 4. lanemask() &=
Fig. 4. lanemask() function
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Fig. 5. Exact result from segmented (length = 3) exclusive
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0%
ok
ro
-
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ot e

segment 0 1 0 ‘ 0 ‘ 1 0 ‘ 0 ‘ 1

pattaern

|segment no. 2 1 0

warp lane 7 6 5 4 3 2 1 0

P 1 0 0 x i 1 0 T

|hd = hdf1 0100 1001{0100 1001|0100 1001|0100 1001|0100 1001|0100 1001|0100 1001|0100 1001

miask 0111 1111|0011 1111|0001 1111|0000 1111|0000 0111|0000 0011|0000 0001|0000 0000

|hd= hd&mask 0100 1001 | 0000 1001 | 0000 1001 | 0000 1001 | 0000 0001 | 0000 0001 | 0000 0001 | 0000 000G

above 26 29 29 29 32 32 32 33

(~0u)>>above 0011 1111 | 0000 0111 | 0000 0111 | 0000 0111 | 0000 0000 | 0000 0000 | 0000 0000 | 0000 000

segmask 1100 0000 | 1111 1000 | 1111 1000 | 1111 1000 | 1111 1111 | 1112 1211 | 1111 1111 | 1111 1111

b=_ballot(p) 1001 1101 | 1001 1101 | 1001 1101 | 1001 1101 | 1001 1101 | 1001 1101 | 1001 1101 | 1001 1101

b&mask8segmask | 0000 0000 | 0001 1000 | 0001 1000 | 0000 1000 | 0000 0101 | 0000 0001 | 0000 0001 | KOO0 0000
opc(b & mask

s N 1 1| o

38 6. Mark Harris2t Michael Garland2| sub-warp exclusive
sume| Zzf MIME 37| 3.
Fig. 6. Result table of Mark Harris and Michael Garland’s
sub-warp exclusvie sum with size of segment = 3.

3-17|E gu2|Fe| 2
) 7d 4%
a5 6ol A= 87 Z=al=ell el p=[1,0,0,1,1, 1,0, 115

Zo] 3¢l ZHER Y+31(hd = 010010000 F 201 A4 3

o 533

Mark Harris®} Michael Garland2] exclusive sum 13HS- <=
AR AA G} 7 2 A FETF A E = 7 DA A
Arske] Wsks e =R A G gk o] dAle] A g}
Sk A Aob= 2™ 504 ER1E 4= i)

a9 59 a9 65 WE] B Mark Harris®} Michael
Garland®] 27 x=10,2,2, 1,2, 1, 1, 0])7} B &3+ A3xkx =0,
0,2, 1,0, 1, 1, 0D} the-S & 7 vk weba] L AAEo]
AN E(F2)E ARFES] 49k 2 sub-warp 2ol
A= Sk AFEshA] eeTh

-

segment

0 ‘ i 0 ‘ 0 ‘ 1 0 ‘ 0 ‘ 1
pattaern
segment no. 2 i3 0
warp lane 7 6 5 4 2 1 0
P 1 0 0 1 T b & 0 1
hd = hd|l 0100 1001|0100 10010100 1001|0100 1001|0100 1001|0100 1001|0100 1001|0100 1001
maskle 1111 1111|0111 1111|0011 1111/0001 1111|0000 1111|0000 0111|0000 0011|0000 0001
hd= hd&maskle 0100 1001 | 0100 1001 | 0000 1001 | 0000 1001 | 0000 1001 | 00CO 0001 | 00CO 0001 | 0000 0001
masklt 0111 1111(0011 1111|0001 1111|0000 1111|0000 0111|0000 0011|0000 0001|0000 0000
above 26 26 29 29 29 32 32 32
(~0u)>>above 0011 1111 | 0011 1111 | 0000 0111 | 0000 0111 | O00O 0111 | 0000 0000 | 0000 0000 | D000 0000
segmask 1100 0000 | 1100 0000 | 1111 1000 | 1111 1000 | 1111 1000 | 1111 1111 | 1111 1111 | 1331 1111
b=_ ballot{p} 1001 1101 | 1001 1101 | 1001 1101 | 1001 1101 | 1001 1101 | 1001 1101 | 1001 1101 | 1001 1101
|‘n&mask&segmask 0000 0000 | 0000 0000 | 0001 1000 | 0000 1000 | D000 0000 | 0000 0001 | 0000 0001 | 0000 0000
__popc(b &
masklt & 0 0 2 1 0 1 1 0

ag 7. 2 ==0M MAlske #dst Z=(E 3)2 Y Znt
Fig. 7. Result table by corrected source code (Table 3)
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7+ & F 719] maskE ALFslal Z4ZF masklt2} maskle 2 <]
A}, o]|& A AT A FEE ¥ 304 A A

7 72 ShA =2yt ol Ao} T g TA tiEl 3% 38 A
A7l Atolrt. o] A= 19 59 Gk AIHE HE

sub-warp exclusive sum A 2}e} A X] s},

E 3. 2 ==0lM Heksks 2F #ls warp UE &2 olT
prefix sum Z=

Table. 3. Corrected Intra-Warp segmented binary prefix
sum code

__device_ unsigned int lanemask 1t()

—~

const unsigned int lane
= threadIdx.x & (WARP SIZE -1);
return (1 << (lane)) - 1;
__device  unsigned int lanemask le()
const unsigned int lane
= threadIdx.x & (WARP SIZE -1);
return (1 << (lane+l)) - 1;
__device  unsigned int warp_segscan(bool p,

unsigned int hd)

const unsigned int masklt = lanemask 1t();

const unsigned int maskle
hd = (hd | 1) & maskle;
_clz(hd) + 1;

unsigned int segmask = ~ ((~0U) >> above);

lanemask_le();

unsigned int above =

unsigned int b = ballot(p);

return _ popc(b & masklt & segmask);

3-2 21 2N

T 1.0
i 3=

exclusive sum= B2~

B3l Aots= AEs AIHE A8 sub-warp
Esl7] $1siA] okt dloly 7)ol o

a A A7 H2ESITE Ad AR =
& Al eME=rE A8 GPUS] 54
< 380 [11]914 AT g warm up AE A 33
_Q_t'slh;}- Eﬂ/\E H}—NO ] ]Eﬂ ﬂ7] ] H%]——(‘;
A5 12 443 3 7 2~ =HEE warp segean $<0114] bool
EFY Q1A poll #h& sk & wd Xial Tt ST
HAEES 33} sl=9o] $173-& NVIDIA AF2] GTX Titan

X (F1%22] 12GB)Z 23k Intel i7 CPU(3.60GHz), RAM 16GB
Al2=elo]™ Windows 7(64bit), CUDA 8.0 &-&3}it). Tk
A3 FE=3= Visual Studio 2012 B oA CUDA HE$} C+

FE B 64V9)E release REE A8 433}t
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28 s 512 A AT 18] E(grid)= 175 AE-E)
o} 98 wl<gL unsigned int EFYJo 2 Mgy I 7]
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