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Financial computation, especially the security trading and matching based on widely
used AOM algorithm, must perform a high speed data processing. Therefore, many financial

organizations need a way to accelerate this computation.

In this thesis, the use of GPU is proposed as a way to speed up the AOM stock trading
algorithm. The software and algorithm developed result in a faster execution time. Nevertheless,
there is still some limitation due to the need to move data from main menory to GPU system. This
work presents a guideline that enable users to use cost effective GPU system to solve the AOM

stock trading problem.
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Hardware/Software Configurations/Specifications
Host Intel(R) Xeon(R) CPU E5620 @ 2.40GHz
RAM 16 GB
Device NVIDIA Tesla M2050
# of Multi-processors 14
# of cores per Multi-processor 32

Memory

2817982464 bytes

Shared memory per block

49152 bytes

Max # of threads per block 1024
Warp size 32
Operating System Rocks Cluster 5.4 (x86-64)
Compiler gcc version 4.1.2 20080704 (Red Hat 4.1.2-48)
MPI OpenMPI 1.4.3
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B o o i L
for (iCurr3tock=0;iCurrStock<MRX STOQCE;iCurrStock++){
if (HeadBuy[iCurrStock] !'= -1 and TailBuy[iCurrStock] != -1){ //Buy
swapped = true, iLoopSort = 07
while ({awapped) |
swapped = false;
iLoopSort++;
iCurrBuy = HeadBuy[iCurrStock]:
iNextBuy = Next[iCurrBuy]:
for (long i=0;i<CntBuy[iCurrStock]-iLoopSort;i++)
if (H_Price[iCurrBuy] < H_Price[iNextBuy]) {
J/Exchange Order[iCurrBuy] <-» Order[iNextBuy] {):
swapped = true;
}
iCurrBuy = iNextBuy:
iNextBuy = Next[iCurrBuy]:
}
}
}
if (HeadSell[iCurrStock] '= -1 and TailSell[iCurrStock] '= -1){ //5ell
swapped = true, iloop3crt = 07
while (swapped){
swapped = false;
iLoopSortt+;
iCurrSell = Head3ell[iCurrStock];
iNextSell = Next[iCurr5ell]:
for (long i=0;i<CntSell [iCurrStock]-iLoopSortyi++) |
if (H_Price[iCurrS5ell] > H Price[iNextS5ell]){
//Exchange Order[iCurrSell] <-» Order[iNext3ell] ()
swapped = true;
}
iCurr3ell = iNextSell;
iNextSell = Next[iCurrSell]:
}
}
}
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StockId tail head tail
0 bid 1 bid [ 1] 2 bid 3obid [ 1 [ 1]
0 offer 1 offer “ 2 offr 3 offer —n
0 1 2 3 4 5 [ 9 10 1 12 13 14 15 1% 17 18 13
StockId 0 1 2 3 1 2 3 3 2 2 0 2 2 3 2 1 2 0
Signid 0 1 0 0 1 1 0 1 1 0 0 1 0 1 0 0 1 0
Price 7400 14050 12150 8150
Volume 24600 37300 | 13400 4300 14600 | 24300
Next -1 -1 -1 -1 -1 -1 1 -1 -1 -1 -1 -1 -1 1 1 -1 1 1
(a)
StockId head tal head tail
0 bid 1 bid 2 bid 3 bid
0 offer 1 offer 2 offer 3 offer
0 1 2 3 4 5 [ 9 10 1 12 13 14 15 1% 17 18 19
StockId o 1 2 3 1 2 3 3 2 2 0 2 2 3 2 1 2 0
Signld [] 1 [] [] 1 1 [} 1 1 1 0 0 1 0 1 [} 0 1 ]
Price 11300 | 8650 | 12550 | ees0
Volume | 40300 | 23500 | 38100 | 4300
Mext -1 -1 -1 -1
StockId head tail head tail head tail head tail
0 bid
o offer
0 1 2z 3
StockId 0 1 2 E]
Signid 0 1 1] []
Price 11300 | 8650 | 12550 | 8650
Volume | 40300 | 23500 | 38100 | 4500
Nest -1 -1 -1 -1
Stockld head tail head tail head tail
0 1
1] 1
[ 1 z 3 4
StwockId [ 1 2z E] 1
Signld 0 1 o [] 1
Price 11300 | 8650 | 12550 | 8850 7050
Volume | 40300 | 23500 | 38100 | 4500 | 20500
Nest -1 -1 -1 -1 1
head tail head tal head tail
1 bid
1 offer
0 1 2 3 4 5
StockId 0 1 2 ] 1 2
Signld [] 1 '] [] 1 1
Price 11300 | 8650 | 12550 | 8850 7050 | 12600
Volume | 40300 | 23500 | 38100 | 4800 | 20800 | 23700
Mext -1 -1 -1 -1 1 -1 -1 -1 -1 -1 -1 -1 -1 -1 1 1 -1 1 1

v ' Y
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Price
Volume
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Price
Volume
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Price
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Price
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Price
Volume
Next
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bid 1 bid 2 bid 3 bid
offer 1 offa 2 offr 3 offer
0 1 2 3 4 5 13 7 8 kl 10 11 12 13 14 15 16 17 18 19
0 1 2 3 1 2 3 i i 3 2 2 o 2 2 3 2 1 2 Q
0 1 o o 1 1 o 1 1 1 1 0 [ 1 2 1 0 0 1 2
11300 2650 12550 BESD 7050 12600 7400 €050
40300 23500 38100 4500 20500 23700 24600 45600
-1 -1 -1 -1 1 -1 -1 4 -1 -1 -1 -1 1 1 -1 1 1 1 -1 -1
(®
head il
bid 1 bid 2 bid 3 bid
offer 1 offer 2 offr 3 offer
o i 2 3 4 5 & 7 g kl 10 11 12 13 14 15 1€ 17 18 19
o i 2 i 2 3 i i 3 2 2 0 2 2 3 2 1 2 Q
o 1 2 o 1 1 o 1 1 1 1 [ [ 1 [ 1 0 0 1 2
11300 | 8650 | 12550 | 8650 7050 | 12600 | 7400 6050 | 13250 | 14050 11500 12150 8150
40300 23500 38100 4300 20500 23700 24600 4500 25800 37300 4300 14300
-1 -1 -1 -1 1 -1 -1 4 -1 -1 -1 -1 1 1 1 1 1 1 -1 -1
(&
head tal head il
1 bid 2 bid 3 bid
1 offer 2 offr 3 offer
[} 1 2 3 4 5 3 7 8 9 10 11 12 13 14 15 16 17 18 19
o i 2 3 i 2 3 i i 3 2 2 0 2 2 3 2 1 1 a
o i 0 o i 1 o i i 1 1 o 0 1 o 1 0 0 1 0
11300 8650 12550 8650 7050 12600 7400 8050 13250 14050 12150 81
40300 | 23500 | 38100 | 4500 | 20500 | 23700 | 24500 | 45600 | 25900 | 37300
-1 -1 -1 -1 1 -1 -1 4 -1 -1 -1 -1 1 1 1 1 1 1 -1 -1
()
head tail head tail head il
1 bid 2 bid 3 bid
1 offer 2 offer 3 offer
0 1 1 3 4 5 13 7 g 9 10 11 12 13 14 15 16 17 18 19
0 1 2 3 1 2 3 i i 3 -1 2 o 2 2 3 2 1 2 0
0 1 o o 1 1 o i i 1 -1 0 o 1 0 1 0 0 1 Q
11300 | 8650 | 12550 | 885D 7050 | 13600 | 7400 €050 | 13250 | 14050 -1 12150
40300 23500 24700 4500 20500 23700 24600 45600 25800 37300 -1
-1 -1 -1 -1 1 -1 -1 4 -1 -1 -1 -1 1 1 -1 1 1 1 -1 -1
@
head tail head tail head tail head tail
bid 1 bid 2 bid
offer 1 offa 2 offr
0 1 2 3 4 5 & 7 8 El 10
0 1 2 3 1 2 3 i i 3 -1
0 1 0 0 1 1 0 1 1 1 -1
11300 2650 12550 BESD 7050 12600 7400 €050 13250 14050 -1
40300 23500 24700 4500 20500 23700 24600 45600 25200 37300 -1
-1 -1 11 -1 1 -1 -1 4 -1 -1 -1 -1 1 1 -1 1 1 1 -1 -1




StockId
Signid
Price
Volume
Mest

StockId
Signld
Price
Volume
Mest

SiockId
Signld
Price
Volume
Meact

SiockId
Signld
Price
Volume
Meact

StockId
Signld
Price
Volume
Mesct

MNN 3 (719)
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bid 1 bid 2 bid 3 bid
offer 1 offer 2 offer 3 offer
0 1 2 3 4 5 [3 7 8 9 10 11 12 13 14 15 16 17 18 19
0 1 2 3 1 2 3 1 1 3 -1 2 0 2 2 3 2 1 2 [
0 1 '] 0 1 1 '] 1 1 1 -1 '] 0 1 0 1 0 0 1 0
11300 8650 12550 8650 7050 12600 7400 6050 13250 14050 -1 6350 S600 11900 11550 14500 12150 8150
40300 | 23500 | 24700 | 4500 | 20500 | 23700 | 24600 | 45600 | 25500 | 37300 -1 41000 | 14000 18100
12 -1 11 -1 1 -1 -1 4 -1 -1 -1 -1 -1 -1 1 1 1 -1 1 1
bid 1 bid 2 bid 3 bid
offer 1 offer 2 offer 3 offer
0 1 2 3 4 5 & 7 8 9 10 11 12 13 14 15 16 17 18 19
0 1 -1 3 1 2 3 1 1 3 -1 2 0 2 2 3 2 1 2 0
0 1 -1 0 1 1 [] 1 1 1 -1 [] 0 1 ] 1 0 0 1 ]
11300 8650 -1 8650 7050 12600 7400 6050 13250 14050 -1 6350 S600 11500 11550
40300 | 23500 -1 4500 | 20500 | 23700 | 24600 | 45600 | 25500 | 37300 -1 41000 | 14000 | 35000 | 18100
12 -1 11 -1 1 13 -1 4 -1 -1 -1 -1 -1 -1 1 1 1 -1 1 1
bid 1 bid 2 bid 3 bid
offer 1 offer 2 offr 3 offer
[} 1 2 3 4 5 3 7 8 9 10 11 12 13 14 15 16 17 18 19
1] 1 -1 3 1 2 3 1 1 3 -1 2 0 2 2 3 2 1 2 0
'] 1 -1 '] 1 1 '] 1 1 1 -1 0 0 1 0 1 0 0 1 0
11300 8650 -1 8650 7050 12600 7400 6050 13250 14050 -1 6350 S600 11500 11550 14500 12150 8150
40300 | 23500 -1 4500 | 20500 | 23700 | 24500 | 45600 | 25900 | 37300 -1 41000 | 14000 | 25000 | 18100
12 -1 11 -1 1 13 -1 4 -1 -1 -1 -1 -1 -1 11 -1 1 1 1 1
(m)
head il head tzil head tal head tail
bid 1 bid 2 bid 3 bid
offer 1 offer 2 offr 3 offer
[} 1 2 3 4 5 3 7 ] 9 10 11 12 13 14 15 16 17 18 19
1] 1 -1 1 2 3 1 1 3 -1 2 0 2 2 3 2 1 2 0
'] 1 -1 '] 1 1 '] 1 1 1 -1 0 0 1 0 1 0 0 1 0
11300 8650 -1 8650 7050 12600 7400 6050 13250 14050 -1 6350 S600 11500 11550 14500 12150 81
40300 | 23500 -1 4500 | 20500 | 23700 | 24500 | 45600 | 25900 | 37300 -1 41000 | 14000 | 25000 | 18100 | 32500
12 -1 11 -1 1 13 -1 4 -1 15 -1 -1 -1 -1 11 -1 1 1 1 1
(n)
head tail head tail head tail head tail
bid 1 bid 2 bid
offer 1 offer 2 offer
0 1 2 3 4 5 [ 7 8 9 10 11 12 13
0 1 -1 3 1 2 3 1 1 3 -1 2 0 2
0 1 -1 0 1 1 0 1 1 1 -1 0 0 1
11300 8650 -1 8650 7050 12600 7400 6050 13250 14050 -1 6350 S600 11500
40300 23500 -1 4500 20500 23700 24600 45600 25500 37300 -1 41000 14000 20700
12 -1 11 -1 1 13 -1 4 -1 15 -1 -1 -1 -1
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StockId head tail head tail head tail head il

o bd [ o | 1 | tobd [ ]| 2 bd 5obd [ 3| 6 |
o ofer Loofe [ 7] 5 | 2 ofe [ 3] 5 | s oofr [ s | 15 |
0 1 2 E] 4 5 3 7 2 H 10 1 12 13 14 15 15 17 18 15
StockId 0 1 1 3 1 2 3 1 1 3 1 2 0 ] 2 3 1 -1 2
Signld 0 1 1 0 1 1 0 1 1 1 1 0 0 1 0 1 1 -1 1
Price 11300 | 8650 1 8850 7050 [ 12600 | 7400 | 6050 | 13250 | 14050 -1 6350 | 5600 | 11500 | 11550 | 14500 -1 -1 7200 8L
Volume | 40300 | 23500 -1 4500 | 20500 | 23700 | 24600 | 3700 | 38500 | 37300 1 41000 | 14000 | 30700 | 18100 | 33500 1 -1 14600 | 24
Mext 12 -1 11 -1 1 13 -1 4 -1 15 1 1 1 -1 11 1 1 -1 -1 1
()
Stockid head tail head tail head tail head tail
o bd [ o | 12 | tobd [ ] ] 2 b 3 obd [ 3| 6 |
o ofer [ | 1| pooflr | 7 | 8 | 2 o [ 13 [ 5 | 3 oofr [ o | 15 |
0 1 2z 3 4 5 5 7 5 9 10 1 12 13 14 15 16 17 18 15
Stockid 0 1 1 3 1 2 3 1 1 3 1 2 0 2 2 3 1 -1 -1 0
Signid 0 1 1 0 1 1 0 1 1 1 1 0 0 1 0 1 1 -1 1 0
Price 11300 | 8650 1 8650 7050 | 13600 | 7400 | €050 | 13250 | 14050 1 €350 | SE00 | 11500 | 11550 | 14500 1 1 1 150
Volume | 40300 | 23500 1 4500 | 20500 | 23700 | 24600 | 35700 | 25500 | 37300 1 41000 | 14000 | 20700 | 3500 | 32500 1 -1 -1 24300
Next 12 -1 11 -1 1 13 -1 4 -1 15 1 1 1 -1 11 1 1 -1 -1 -1
(@)
StockId head tail head tail head tail head il
o bd [ o | 1| Lobid 2 b s obd [ 3] 6 |
o ofer [ | 1| toole [ 7 | 8 | 2 o [ 13 [ 5 | 3 oofer [ o | 15 |
0 1 H 3 4 5 3 7 5 9 10 1 12 13 14 15 16 17 18 15
StockId 0 1 1 3 1 2 3 1 1 3 1 2z 0 ] 2 3 1 -1 -1 0
Signid 0 1 -1 0 1 1 0 1 1 1 1 0 0 1 0 1 1 -1 -1 0
Price 11300 | 8650 1 8850 7050 | 12600 | 7400 | €050 | 13250 | 14050 1 €350 | 5800 | 11900 | 11550 | 14500 1 -1 -1 150
Volume | 40300 | 23500 1 4500 | 20500 | 23700 | 24600 | 35700 | 25500 | 37300 1 41000 | 14000 | 30700 | 3500 | 32500 1 1 1 24300
MNext 19 -1 11 -1 1 13 -1 4 -1 15 1 1 1 -1 11 1 1 -1 -1 12

MNN 3 (919)
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//Matching
for (iCurrStock=0;iCurrStock<MAX STOCK:iCurrStock++) |

fBuy = true;

1CuirBu; = HeadBuy[iCurrStock] ;

while (iCurrBuy != -1 =z& iCurrBuy <= TailBuy[iCurrStock] sz fBuy == true){

f5ell = true;
iCurrSell = HeadSell[iCurrStock];
while (H Volume[iCurrBuy] > 0 ss iCurrSell !'= -1 s& iCurrSell <= Tail3ell[iCurrStock] s& f3ell == true)|
if (H Price[iCurrBuy] >= EH_Price[iCurrdell]){
if (H Volume[iCurr3ell] > 0){
if (H Volume[iCurrBuy] »= H Volume[iCurrSell]){
//Write log file ():
H_Volume[iCurrBuy] = H Volume[iCurrBuy] - H_Volume[iCurrSell];
H Volume [iCurrSell] = 0;
1
else |
//Write log file ();
H Volume [iCurrSell] = H Volume[iCurrSell] - H_Volume[iCurrBuy]:
E Volume[iCurrBuy] = 0;
}

1
iCurrSell = Next[iCurr3ell];

else|
fSell = false;

1

if (H Volume[iCurrBuy] > 0){
fBuy = false;

1

iCurrBuy = Next[iCurrBuy];

[
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e 1duamsdszuianasanesnumMsdeviendnnsneeanilu 2 35 As 1) M
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na waznulelszuranans1in sallvuaeumsdszuia Al
U A R | | 2
mslszinanadanaanuuurivlglszuanana1seeuae

Y andg = o w . . =
m3yszurananedsulunmsdszuiananuuFesd g (Sequential Processing) ¥
£4

9
Tupoumsiszuiana asil
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( Start )

4

Allocate memory on Host (CPU)

4

Initial data

Read order from i ton

Perform computation on Host

SORT-ORDER(i)
v

MATCH-ORDER(i)

N
v

Clean up, free memory for Host

4
( Stop )
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Allocate memory on Host (CPU)

y

Allocate memory on Device (GPU)

'

Initial data

'

Read order <

Ny

Clean up, free memory for Host Copy data from Host to Device

A A

Clean up, free memory for Device Perform computation on Device

SORT-ORDER(i)

v
MATCH-ORDER()

A

Read back results from Device into Host ——
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idx = blockIdx.x * blockDim.x + threadIdx.x;
S Eorting-————m e
if (idx<D MRY TTEMS){
iCurrStock = idx;
if (D_HeadBuy[iCurrStock] != -1 and D TailBuy[iCurrStock] != -1){ //Buy
swapped = true, iloopScort = 0;
while (swapped){
gwapped = false;
iLoopSort++;
iCurrBuy = D HeadBuy[iCurrStock]:
iNextBuy = D Next[iCurrBuy]:
for (long i=0;i<D CntBuy[iCurrStock]-iLoopSort;i++){
if (D Price[iCurrBuy] < D Price[iNextBuy]){
//Exchange Order[iCurrBuy] <-> Order[iNextBuw] {);
swapped = true;

}
iCurrBuy = iNextBuy;
iNextBuy = D Next[iCurrBuy]:

t

if (D HeadSell[iCurrStock] !'= -1 and D TailSell[iCurrStock] != -1){ //Sell
swapped = true, iloopScort = 0;
while (swapped){
swapped = false;
iLoopSort++;
iCurrSell = D_HeadSell[iCurrStock]:
iNext3ell = D _Next[iCurrSell]:
for (long i=0;i<D Cnt3ell[iCurr3tock]-iLoop3ort;i++) {
if (D Price[iCurrSell] > D Price[iNextSell]){
//Exchange Order[iCurrSell] <-> Order[iNextSell]({):
swapped = true;
}
iCurr3ell = iNextSell;
iMextSell = D Nextc[iCurrSell];

}
b
idx = idx + D blockMax;

v v
<ﬂ11/‘|‘ﬁ 7 GUL!G]’E)‘L!ﬂ'lﬁﬂin’JﬁNaﬂ'lﬁﬁfN'ﬁo'lﬂ‘ULL“]J‘]JGUL!'IL!



21

~ < o = v o o L 9

i 7 ifumsuaaamsihanvesnsizesaumdsievisnuviy lagla

poNUUUMILLIMIUszurarauuUvUATIIUiY  uazegnielauannuainniolums

v Y v

mmsauuDvuYesielszurarans W asmsihaueovil ldhmsdszuanadmida
Y [ k4 o Y 2 o Y . o Y v o

wiounu ldgmudujunmua  Tasmmuald idx unumsihauvesfuuaazdy  uaz

) v
D_MAX_ITEMS unusiuiusignmsnimuaimmsssuiana Tagvinsuiailszuiananms

P
[ ' o A

Y
VgMAIFoUIEA Y A9l

idx = blockIdx.x * blockDim.x + threadIdx.x;

//Matching

if {idweD MEX_TTEMS)
iCurrStock = idx;

fBuy = true;

iCurrBuy = D HeadBuy[iCurrStock]:
while (iCurrBuy != -1 ss iCurrBuy <= D_TailBuy[iCurrStock] ss fBuy == true)|
f3ell = true;
iCurrSell = D_HeadSell[iCurrStock];
while (D Volume[iCurrBuy] » 0 s& iCurrSell != -1 zz iCurrSell <= D TailSell[iCurrStock] =& fSell == true)|

if (D_Price[iCurrBuy] »>= D_Price[iCurr3ell]){
if (D _Volume[iCurr5ell] > 0){
if (D Volume[iCurrBuy] »>= D_Volume[iCurrSell]){
//Write log file():
D Volume[iCurrBuy] = D_Volume[iCurrBuy] - D Volume[iCurr3ell]:
D_Volume[iCurr5ell] = 0;

else |
J/Write log file():
D_Volume[iCurr5ell] = D_Volume[iCurrSell] - D Volume[iCurrBuy];
D Volume [iCurrBuy] = 0;
}
}
iCurrSell = D Next[iCurr3ell]:
}
elae{
fSell = false;
}
}
if (D Volume[iCurrBuy] > 0){
fBuy = false:
}
iCurrBuy = D Next[iCurrBuy]:

idx = idx + D blockMax;
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MDX, 5, 128, 400

SAT, S, 1011, 4500
MIDA, 5, 74, 1000
TFI, 5, 99, 800

IRE, §, 1188, 100
0ISCHI, 5, 4200, 20000
TMT, S, 515, 1000
ROJNR, B, 290, 500
NMIT, B, 985, 1000
NMG, 5, 460, 2000
CCET, B, 358, 200

us, 5, 310, 1700
URENPF, B, 763, 1000
LTX, §, 3133, 1000
FsD, B, 1050, 100
TCCC, B, 565, 1000
5IM, B 176, 2500

KTB, S, 950, 1000
PTTER, B, 14427, 5000
KCAR, B, 474, 500
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Orders (n)
blockSizes/Threads 500000 1000000 1500000 2000000
Time#1 (ms)
Computation on CPU
1 5.61 28.64 71.60 134.29
Computation on CPU+GPU
64 5.65 41.62 95.21 169.87
128 5.82 23.84 54.21 96.73
256 3.69 14.98 34.30 60.21
512 3.43 13.85 31.62 56.16
1024 3.41 13.73 31.41 56.66
2048 3.44 13.82 31.29 56.15
4096 3.41 13.73 31.61 56.18
8192 3.43 13.85 31.61 56.42
16384 3.44 13.81 31.61 56.10
32768 3.46 13.93 32.01 57.08
Time#2 (ms)
Computation on CPU
1 5.70 28.74 71.82 134.52
Computation on CPU+GPU
64 5.65 41.61 95.21 169.97
128 5.82 23.84 54.36 96.73

256 3.70 14.99 34.20 59.90
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M319N 3 (90)

Orders (n)
blockSizes/Threads 500000 1000000 1500000 2000000
Time#1 (ms)
512 3.41 13.86 31.63 56.16
1024 3.41 13.73 31.25 56.66
2048 3.43 13.99 31.61 56.21
4096 3.41 13.78 31.61 56.12
8192 3.43 13.82 31.60 56.67
16384 3.44 13.85 31.62 56.63
32768 3.45 13.88 32.01 56.47
Time#3 (ms)
Computation on CPU
1 5.62 28.59 71.47 133.51
Computation on CPU+GPU
64 5.63 41.51 94.95 169.54
128 5.83 23.89 54.43 96.89
256 3.72 15.00 34.32 59.97
512 3.42 13.91 31.93 56.21
1024 3.42 13.81 31.46 56.14
2048 3.49 13.93 31.39 56.17
4096 3.42 14.04 31.93 56.13
8192 3.40 13.75 31.93 56.39
16384 3.41 13.89 31.45 56.96
32768 3.46 13.71 31.36 56.43
Time#4 (ms)
Computation on CPU

1 5.79 28.85 71.57 133.62
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M3519N 4 (99)

Orders (n)
blockSizes/Threads 500000 1000000 1500000 2000000
Computation on CPU+GPU
64 5.64 41.57 94.94 176.28
128 5.94 23.88 54.42 96.85
256 3.75 15.09 34.67 59.94
512 3.42 13.95 32.22 56.13
1024 3.42 13.87 31.38 56.16
2048 3.42 13.94 31.38 56.20
4096 3.42 13.85 31.92 56.14
8192 3.44 13.98 31.30 55.97
16384 3.40 13.98 31.46 56.74
32768 3.46 13.91 31.40 56.99
Time#5 (ms)
Computation on CPU
1 5.79 28.90 72.15 134.72
Computation on CPU+GPU
64 5.64 41.57 94.94 176.28
128 5.94 23.88 54.42 96.85
256 3.75 15.09 34.67 59.94
512 3.42 13.95 32.22 56.13
1024 3.42 13.87 31.38 56.16
2048 3.42 13.94 31.38 56.20
4096 3.42 13.85 31.92 56.14
8192 3.44 13.98 31.30 55.97
16384 3.40 13.98 31.46 56.74

32768 3.46 13.91 31.40 56.99
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Orders (n)
blockSizes/Threads 500000 1000000 1500000 2000000
Average Runtime (ms)
Computation on CPU
1 5.70 28.75 71.72 134.13
Computation on CPU+GPU
64 5.64 41.57 95.05 172.39
128 5.87 23.86 54.37 96.81
256 3.72 15.03 34.43 60.00
512 3.42 13.90 31.92 56.16
1024 3.42 13.80 31.38 56.36
2048 3.44 13.93 31.41 56.19
4096 3.42 13.85 31.80 56.14
8192 3.43 13.87 31.55 56.28
16384 3.42 13.90 31.52 56.64

32768 3.45 13.87 31.63 56.79
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blockSizes/Threads Times (ms)
Host -> Device Computation Device -> Host
Time#1 (ms)
Orders (500000)
64 0.01068620 0.00005293 5.64023000
128 0.01045300 0.00002408 5.80868000
256 0.01044390 0.00002193 3.68230000
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blockSizes/Threads Times (ms)
Host -> Device Computation Device -> Host
Time#1 (ms)

512 0.01048610 0.00002193 3.42291000
1024 0.01046710 0.00002217 3.39833000
2048 0.01048400 0.00002098 3.42492000
4096 0.01048210 0.00002098 3.40008000
8192 0.01046900 0.00002217 3.42098000
16384 0.01045010 0.00002289 3.43085000
32768 0.01044300 0.00002313 3.44730000

Orders (1000000)
64 0.02016590 0.00002313 41.59630000
128 0.02014710 0.00002289 23.81730000
256 0.02022100 0.00002313 14.96260000
512 0.02014400 0.00002289 13.82630000
1024 0.02016400 0.00002289 13.70580000
2048 0.02018590 0.00002193 13.80360000
4096 0.02017190 0.00002193 13.70880000
8192 0.02018790 0.00002217 13.82860000
16384 0.02021100 0.00002289 13.78650000
32768 0.02016020 0.00002193 13.91380000

Orders (1500000)
64 0.02987220 0.00002384 95.17770000
128 0.02984600 0.00002408 54.17510000
256 0.02984500 0.00002408 34.26730000
512 0.02988220 0.00002384 31.58520000
1024 0.02980490 0.00002289 31.38140000
2048 0.02992920 0.00002384 31.26100000
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blockSizes/Threads Times (ms)
Host -> Device Computation Device -> Host
Time#1 (ms)
4096 0.02986500 0.00002480 31.57700000
8192 0.02985910 0.00002503 31.58180000
16384 0.02983590 0.00002408 31.58260000
32768 0.02016020 0.00002193 13.91380000
Orders (2000000)
64 0.02960400 0.00002718 169.84300000
128 0.04027610 0.00002384 96.68710000
256 0.04024510 0.00002503 60.17250000
512 0.04026990 0.00002503 56.11510000
1024 0.04041100 0.00002408 56.61560000
2048 0.04028610 0.00002408 56.11070000
4096 0.02966020 0.00002599 56.15180000
8192 0.04026790 0.00002503 56.37520000
16384 0.04027300 0.00002503 56.06400000
32768 0.04028300 0.00002503 57.03970000
Time#2 (ms)
Orders (500000)
64 0.00809097 0.00005603 5.64013000
128 0.01084800 0.00002193 5.80854000
256 0.01082990 0.00002313 3.68465000
512 0.01086400 0.00002193 3.40239000
1024 0.01088290 0.00002193 3.40128000
2048 0.01086710 0.00002193 3.42056000
4096 0.01089690 0.00002098 3.40142000
8192 0.00795913 0.00002408 3.42210000
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blockSizes/Threads Times (ms)
Host -> Device Computation Device -> Host
Time#1 (ms)

16384 0.01086090 0.00002217 3.43236000
32768 0.01086090 0.00002217 3.43465000

Orders (1000000)
64 0.01505990 0.00002503 41.59100000
128 0.02091600 0.00002313 23.81980000
256 0.02091000 0.00002313 14.96440000
512 0.02093790 0.00002313 13.84170000
1024 0.02094100 0.00002408 13.70870000
2048 0.02094910 0.00002384 13.96880000
4096 0.02092600 0.00002313 13.75940000
8192 0.01514010 0.00002480 13.80310000
16384 0.02091690 0.00002408 13.82470000
32768 0.02093320 0.00002289 13.85660000

Orders (1500000)
64 0.02234100 0.00002599 95.18590000
128 0.03106190 0.00002408 54.32570000
256 0.03096010 0.00002289 34.16860000
512 0.03093700 0.00002313 31.59520000
1024 0.03097010 0.00002313 31.22240000
2048 0.03096200 0.00002503 31.58260000
4096 0.03098800 0.00002503 31.57410000
8192 0.02233100 0.00002599 31.57630000
16384 0.03098580 0.00002503 31.58720000
32768 0.03094820 0.00002503 31.98250000
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blockSizes/Threads Times (ms)
Host -> Device Computation Device -> Host
Time#1 (ms)
Orders (2000000)
64 0.04087210 0.00002599 169.92800000
128 0.04088000 0.00002408 96.68810000
256 0.04087710 0.00002599 59.86260000
512 0.04085490 0.00002503 56.12030000
1024 0.04083900 0.00002384 56.61520000
2048 0.04114320 0.00002480 56.16510000
4096 0.02961800 0.00003195 56.09430000
8192 0.04087590 0.00002599 56.62530000
16384 0.04087500 0.00002503 56.58980000
32768 0.04089590 0.00002503 56.43140000
Time#3 (ms)
Orders (500000)
64 0.00796294 0.00005293 5.62619000
128 0.01088000 0.00002193 5.82114000
256 0.01087900 0.00002313 3.71034000
512 0.01082990 0.00002599 3.41241000
1024 0.01083800 0.00002408 3.40831000
2048 0.01097580 0.00002408 3.47868000
4096 0.01085400 0.00002408 3.41234000
8192 0.01086000 0.00002503 3.38871000
16384 0.01084400 0.00002408 3.40287000
32768 0.01103710 0.00002289 3.44911000
Orders (1000000)
64 0.01488590 0.00002503 41.49630000
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blockSizes/Threads Times (ms)
Host -> Device Computation Device -> Host
Time#1 (ms)

128 0.02094910 0.00002408 23.86610000
256 0.02101110 0.00002193 14.98230000
512 0.02096100 0.00002408 13.89220000
1024 0.02093010 0.00002408 13.79380000
2048 0.02091100 0.00002384 13.91100000
4096 0.02091910 0.00002480 14.01980000
8192 0.02105500 0.00002408 13.72400000
16384 0.02095700 0.00002384 13.86520000
32768 0.02098700 0.00003600 13.68930000

Orders (1500000)
64 0.02210690 0.00002503 94.92680000
128 0.03114580 0.00002623 54.40090000
256 0.03115610 0.00002384 34.29190000
512 0.03094100 0.00002694 31.89940000
1024 0.03108100 0.00002503 31.42910000
2048 0.03093190 0.00002599 31.35920000
4096 0.03092380 0.00002503 31.89960000
8192 0.03095600 0.00002718 31.89840000
16384 0.03101300 0.00002503 31.42080000
32768 0.02241110 0.00002599 31.33450000

Orders (2000000)
64 0.02932000 0.00002718 169.50900000
128 0.04129000 0.00002599 96.84680000
256 0.04139590 0.00002599 59.93110000
512 0.04129510 0.00002599 56.16680000
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blockSizes/Threads Times (ms)
Host -> Device Computation Device -> Host
Time#1 (ms)
1024 0.04133700 0.00002718 56.10320000
2048 0.04131700 0.00002790 56.12720000
4096 0.04128190 0.00002599 56.09360000
8192 0.04138180 0.00002599 56.34750000
16384 0.04135700 0.00002599 56.91910000
32768 0.02960210 0.00002599 56.40290000
Time#4 (ms)
Orders (500000)
64 0.00802112 0.00005102 5.62721000
128 0.00794482 0.00002313 5.93047000
256 0.01086210 0.00002289 3.73960000
512 0.01090600 0.00002384 3.41333000
1024 0.00794196 0.00002122 3.41270000
2048 0.01100800 0.00002408 3.40752000
4096 0.01085590 0.00002408 3.41240000
8192 0.01088120 0.00002289 3.42885000
16384 0.01138590 0.00002408 3.38865000
32768 0.01086090 0.00002313 3.44476000
Orders (1000000)
64 0.01506210 0.00002408 41.55140000
128 0.01502920 0.00002384 23.86090000
256 0.02096080 0.00002313 15.07270000
512 0.02096700 0.00002384 13.92670000
1024 0.01507280 0.00002313 13.85750000
2048 0.02263090 0.00002503 13.92060000
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blockSizes/Threads Times (ms)
Host -> Device Computation Device -> Host
Time#1 (ms)

4096 0.02097200 0.00002313 13.83000000
8192 0.02143500 0.00002289 13.95960000
16384 0.02097200 0.00002503 13.95930000
32768 0.02116890 0.00002313 13.89340000

Orders (1500000)
64 0.02231310 0.00002503 94.91980000
128 0.02290800 0.00002694 54.39570000
256 0.03097200 0.00002503 34.63610000
512 0.03098700 0.00002503 32.18680000
1024 0.02233910 0.00002503 31.35830000
2048 0.03099510 0.00002599 31.34430000
4096 0.03098300 0.00002503 31.88620000
8192 0.03109690 0.00002503 31.26790000
16384 0.03098510 0.00002599 31.42770000
32768 0.03097990 0.00002408 31.36410000

Orders (2000000)
64 0.02959300 0.00002790 176.24900000
128 0.02968380 0.00002718 96.81790000
256 0.04135490 0.00002718 59.90310000
512 0.02964520 0.00002599 56.09850000
1024 0.02976110 0.00002694 56.13060000
2048 0.04129410 0.00002599 56.15860000
4096 0.04140500 0.00002694 56.09500000
8192 0.04142590 0.00002790 55.92750000
16384 0.04163790 0.00002718 56.70320000
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blockSizes/Threads Times (ms)
Host -> Device Computation Device -> Host
Time#1 (ms)
32768 0.04142620 0.00002694 56.94500000
Time#5 (ms)
Orders (500000)
64 0.00808120 0.00005388 5.62667000
128 0.01082610 0.00002289 5.82036000
256 0.01080920 0.00002193 3.74278000
512 0.01101210 0.00002289 3.41302000
1024 0.01083990 0.00002313 3.41380000
2048 0.01092310 0.00002193 3.42145000
4096 0.00783205 0.00002503 3.41162000
8192 0.01081920 0.00002193 3.42314000
16384 0.01081800 0.00002193 3.42641000
32768 0.01083210 0.00002098 3.41398000
Orders (1000000)
64 0.01487590 0.00002599 41.48960000
128 0.02092310 0.00002289 23.85910000
256 0.02093600 0.00002313 14.97710000
512 0.02093720 0.00002384 13.68790000
1024 0.02108500 0.00002408 14.11840000
2048 0.02099080 0.00002217 13.86760000
4096 0.01491000 0.00002503 13.97570000
8192 0.02096390 0.00002408 13.93900000
16384 0.02093890 0.00002408 13.83430000
32768 0.02094200 0.00002384 13.89380000
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blockSizes/Threads Times (ms)
Host -> Device Computation Device -> Host
Time#1 (ms)
Orders (1500000)
64 0.02202010 0.00002694 94.91390000
128 0.03087590 0.00002313 54.26110000
256 0.03091100 0.00002313 34.42590000
512 0.03091120 0.00002384 31.38740000
1024 0.03096200 0.00002384 32.04150000
2048 0.03106210 0.00002384 31.26740000
4096 0.02206590 0.00002503 31.26430000
8192 0.03120900 0.00002790 31.28000000
16384 0.03094600 0.00002503 31.52630000
32768 0.03099700 0.00002384 32.18290000
Orders (2000000)
64 0.04096200 0.00002480 169.55700000
128 0.04087590 0.00002503 96.80810000
256 0.04090690 0.00002408 60.13980000
512 0.04088500 0.00002503 56.12510000
1024 0.04098890 0.00002503 56.08990000
2048 0.02918480 0.00002813 56.32040000
4096 0.02907200 0.00002813 56.09690000
8192 0.04096290 0.00002503 56.36800000
16384 0.04101010 0.00002480 56.34200000
32768 0.04101200 0.00002503 56.92220000
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blockSizes/Threads Times (ms)
Host -> Device Computation Device -> Host
Average Runtime (ms)
Orders (500000)
64 0.00856849 0.00005336 5.63208600
128 0.01019038 0.00002279 5.83783800
256 0.01076482 0.00002260 3.71193400
512 0.01081962 0.00002332 3.41281200
1024 0.01019397 0.00002251 3.40688400
2048 0.01085160 0.00002260 3.43062600
4096 0.01018419 0.00002303 3.40757200
8192 0.01019771 0.00002322 3.41675600
16384 0.01087178 0.00002303 3.41622800
32768 0.01080680 0.00002246 3.43796000
Orders (1000000)
64 0.01600994 0.00002465 41.54492000
128 0.01959290 0.00002337 23.84464000
256 0.02080778 0.00002289 14.99182000
512 0.02078942 0.00002356 13.83496000
1024 0.01963858 0.00002365 13.83684000
2048 0.02113354 0.00002336 13.89432000
4096 0.01957980 0.00002360 13.85874000
8192 0.01975638 0.00002360 13.85086000
16384 0.02079916 0.00002398 13.85400000
32768 0.02083826 0.00002556 13.84938000
Orders (1500000)
64 0.02373066 0.00002537 95.02482000
128 0.02916752 0.00002489 54.31170000
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M319N 5 (90)

blockSizes/Threads Times (ms)
Host -> Device Computation Device -> Host
Average Runtime (ms)
256 0.03076884 0.00002379 34.35796000
512 0.03073168 0.00002456 31.73080000
1024 0.02903142 0.00002398 31.48654000
2048 0.03077606 0.00002494 31.36290000
4096 0.02896514 0.00002498 31.64024000
8192 0.02909040 0.00002623 31.52088000
16384 0.03075316 0.00002503 31.50892000
32768 0.02709928 0.00002417 28.15556000
Orders (2000000)
64 0.03407022 0.00002661 171.01720000
128 0.03860116 0.00002522 96.76960000
256 0.04095598 0.00002565 60.00182000
512 0.03859002 0.00002541 56.12516000
1024 0.03866740 0.00002541 56.31090000
2048 0.03864504 0.00002618 56.17640000
4096 0.03420742 0.00002780 56.10632000
8192 0.04098288 0.00002599 56.32870000
16384 0.04103060 0.00002561 56.52362000
32768 0.03864384 0.00002560 56.74824000
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