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Algorithm to Reduce Contention of Atomic Operations for Reduction
Operations on GPU

TSUGUCHIKA TABARU' and TADASHI NAKAHIRA'

An atomic operation can be applied to parallel reduction operations. It is useful especially in the case when multiple sums are
calculated in parallel, and each datum is determined to which sum it belongs to. An atomic operation keeps consistency of
memory data using inseparable operations without disturbance from other memory operations. This mechanism, however,
slows down the program seriously under highly contented situation of atomic operations. In this paper, we introduce our
method which reduces contention of atomic operations on graphics processing unit, describe the implementation, and show the
performance of three practical programs applying our method.
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Atomic_operation (addr, data, addrBuf, dataBuf)
addr: EFRA#%KT7 FLR
data: B LATE
addrBuf: 7—7 AT addr Z£EFT5-HDHEAEY
dataBuf: 7—FINTdata ZHEHIT 5=0DEEAEY

1 threadlD « 2Oy YANDAL Y FES

2 addrBuf[threadID] < addr

3 dataBuf[threadID] < data

4 writerID < threadID

5 sum < 0

6 for 7T—THDEEHAL Y Ka

7 do

8 if addr = (a @ addr)

9 then
10 if threadID < (a @ threadlD)
1 then sum < sum + dataBuf[a & threadID]
12 if (a® threadID) < writerID
13 then writerID <« (a @ threadID)
14 if writerID = threadID
15 then
16 7 rIyUNET

vV < * addr

* addr < (v + sum + data)
17 dataBuf [threadID] < v

18 RY{E < dataBuf[writerID] + sum
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__device__ inline int atomicAddW(int* addr, int data
intx dataBuf, int*x addrBuf) {
int threadID = (((threadldx.z * blockDim.y)
+ threadldx.y) * blockDim.x) + threadldx. x;

dataBuf[threadID] = data;
addrBuf[threadID] = addr;
int lanelD;

asm(“mov. s32 %0, %%laneid;” : “=r”(lanelD));
int warpTop = threadID - lanelD;

intx wData = & (dataBuf[warpTop]);

intxk wAddr = & (addrBuf[warpTopl) ;

int writerID = lanelD;

int sum = 0;
unsigned int active = __brev(__ballot(true));
for (int alD = __popc (active); alD —;) {

int rID = __clz(active);

active "= 1U << (warpSize - 1 - rID);
if (addr == wAddr[rID]) {
if (lanelD < rID) { sum += wData[rID]; }
if (rID < writerID){ writerID = rID; }
}
}
if (writerID == lanelD) {
wAddr [lanelD] = atomicAdd (addr, sum + data);
}
return wAddr [writerID] + sum;

}

M3 M1oT7AITYRL%EREy NEEDOT NI v
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Atomic_operation (addr, data, addrBuf, dataBuf)
addr: EERAH#%XT FLR
data: B LRALE
addrBuf: 7Ry Y AT addr #HETH-ODEFEAEY
dataBuf: 7Oy AT data #HETH-ODEEAEY

1 threadlD —« JAYHVRHADAL Y FES

2 oy AN TEE

3 addrBuf[threadID] < addr

4 dataBuf[threadID] < data

5 7oy y AN 7R

6 writerID < threadID

7 sum < 0

8 for 7OV I NDEEMALY Fa

9 do
10 if addr = (a O addr)
1 then

12 if threadID < (a @ threadlD)

13 then sum < sum + dataBuf[a @ threadID]
14 if (a® threadID) < writerID
15 then writerID < (a ® threadID)

16 Ry oA/ 7R
17 if writerID = threadlD
18  then
19 7RIy UMNET
vV < * addr
* addr < (v + sum + data)
20 dataBuf[threadID] < v
21 7oy RNy 7R

22 RY{E < dataBuf[writerID] + sum
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__device__ inline int atomicAddW(int* addr, int data) {
int addrH = (unsigned long long int)addr >> 32;
int addrL = (unsigned long long int)addr;
int lanelD;
asm(“mov. $32 %0, %%laneid;” : “=r”(lanelD));
int writerID = lanelD;
int sum = 0;

unsigned int active = __brev(__ballot(true));
for (int alD = __popc(active); alD ——:) {
int rID = __clz(active);
active "= 1U << (warpSize - 1 - rID);
if ((addrL == __shfl (addrL, rID))
&& (addrH == __shfl (addrH, rID))) {
int datal = __shfl(data, rID);
if (lanelD < rID){ sum += datal; }
if (rID < writerID){ writerID = rID; }
]
]
int oldValue = 0;
if (writerID == lanelD) {
oldValue = atomicAdd (addr, sum + data) ;
]
oldValue = __shfl (oldValue, writerlID);
return oldValue + sum;

}
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