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1. Swarm Intelligence
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5. Load/Store Units

6. Special Function Units

7. WARP scheduler

8. Streaming Multiprocessor
9. Kernel
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1. Many-Core

2. Heterogeneous

3. Heterogeneous Computing
4. GPU
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Architecture Fermi Pascal
GPU GF108 GP107
CUDA cores 96 768
Memory 1GB 4GB
Peak performance (double)  19.20 Gflops 66.82 Gflops
Bandwith 28.80 GBI/s 112.1 GB/s
Compute capability 2.1 6.1
Multiprocessors 2 6
GPU clock 600 MHz 1291 MHz
Memory data rate 1800 MHz 7008 MHz
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2. Memory size

3. Peak computational performance

4. Billion floating-point operations per second
5. Memory Bandwidth

6. Compute Capability

[YY 5 YY]FERMI (5 lens 53 SM K :(V) 5

S S e ol ) ol 3 agls 8wl
KPP POESNS [P PSS U SPUTY PRNE I JE
LYY 5 AT 55 e 0313 SFU dmls Jlgr L obsl/e s
Lsles g go |l izmn 5 Jis oy poots o)y O
il sl s Sl gl Sl s 4 30
S slags kiea SM 351 wbe Lold 5 STzl
S Bl Radean b il e mbin 0l Gk 51 oS5k
3503 3l /o5 Al V7 SM s sk plKan 503 S
» NP @ﬁbwj@;ﬁduwﬂ;ww LG &
3 el 5 e ptd Sty A e ol 3 SYS
Sladels oS e Sty g 5 Ol Al gl 1 Laesls
5 ok €os Sin wibe ¢, o8 Slysias (ol Al
So SFU 8 (S S 3 S o Lzl ) S o S
SHUS A e s ol SG S o 1l ) 5 58 51523
PR o
e S 33 el (S1Sesls n SG el
s il adibls 5310 5 CUDA (slaates slias

1. Number of CUDA cores



IAY ‘}_{.:.é\ﬁu.xj)'\sﬁ 6})J{CUDAJ\GJLEM\L.\:J]_)::CLA:}_‘]LS_}LN% V.:.U)Q\ S Sl sh )

CUDA s s ol 1wl s sl 5,5 OLs ngLd<=L<AA
S e b i el il b o sl e S
Solars oS ccilises SIS slaodisls 5 (55, 1y Waask
Sl S 5l Sl plis S o Ll gl Sl
L oS das e 0l (g nds pwlie .ol (55l 90 LUJ{JAW
CA;J_N‘_;)'\HLUJ{LS{A{L;)\)A\&WCL;»QJJS«EL&\
Sds (Jlie gl b e SRl sddablsl Jlude Cd 4
sl Cd SM 53 55, 2 CUDA Wb 5 G 1l Ol

olys CL.;;_-! Soilwang (,.:{ijﬂ @Wlis -yl 35 i 3

s Doty ol 4585 ool a3 ) 3 S Slalllas
Sty oo 3 LASESS g i 53 35d e
GPU (55,5 - b plaza! (g3lusingy o5 S (55l 50
Shl oleing Srs Gl ceoler o 03 o558 0 Ol

.bbjf& 45\)\ 6;4;;;3.: ‘@MJJJJ};@

s 9 e Y

dws 5l Gilmand ()5 plaax! (g3luaig o, S
0l S ol ,a L{.:wji)\ ol o [YA] el OB W
s s e atiS 053 Ol 4 65 o gyl (SL2D 3
AU SS e 0 2l e (S5 b5 esliad Lol
JUs 1y b e )3 505 S 3l 5 e (slad 53 ol )3
LS e

Olgsds oyd 8 5 Lgd o i aliee glad js )3
o165 S o Jloy and d glias S s aht S
Byt s o3l Ol 25 o) son

xi = (X1, Xigy o Xig)

ol 1y Olys Gl S e s LS s &
3y en 035 OLES 3 oy gt ol 1603 (gl s S 0
Vi = (Vig, Vi, ---:_Uid)

Cxd e 5 odd 0 23 Prest 3 ol 18,5 3 o g
i3y n o3l ialad 3 Sy poty

pi = (Pi, Pizs - Pia)
Ol&}wﬁ “:J\))J.LLM’ ca).) wj.:.@ Q)JS \Jﬁ)‘_bu

Ol (1) JSKa 53 o8 a8 S 50 CPU 5 iy o

ol ol 0sls

9 T 9000 =~
8 —~ == Periormance-to-bandwidth ratio _ | 8,000 E
—8—Peak performance {2 0
e 7 £7000 ¢
@ 6 r 6000 O
g5 — [+ 5000 o
& 4 + 4000 8
23 13000 5
2 - 200 £
1 | 1000 %
0 R Y Y x
o 3 Q 0 ©
N NENIE ) @05’% SN a
RRNOPs VY Pt ® 7
O @ ST B A
NN & ¢ & @ @
< +® \+ Qb « ,p A &
o ¢ & \\9 & \@ é@
& F ?\.39 V‘VS\\O v v

[YO]CPU b (G318 sloodisls 5 3 (2118 ol Aemlis :(Y) 05

bl GOl Bl 5 s Sl Bl (5 slens < CUDA
Gl 1y S Sed 3l (6 saal p LSl (6 lane
Ctt € s aals s Oy Sl esliaal L Ol sl
CUDA &S - v.z\ ,# [DirectCompute OpenCL Fortran
plil ol my tind Kaal Slislons plowil (sl (5 5
s3yd e Ll CPU sy p aS Lo isn (Sl
355 |2 GPU (55 1 Slge st OF (Sl i
G5 2 4 ol 0ds 1S53 Sla IS 51 CUDA by
SAS e LS Y] sl e Ll (S Seisls pp olSas
sl y gla b5 S 035 1o L .l CUDA oy siasls 2 Joke
= Sk Lsd e L bm o) 2 SOl Sopen S
Lzl (S5l 90 o) sumts 4S5 Sl Wiy an 6ué 31 las sazma
Gl pan o5, 5 (Sldl sl 5 b 5l e s e
il Sl e Lpd oK St b sl
puéw\}muw@u "C'Jajosﬁr.ajc)}u.u
sl Ol ey pamis Dlae oo L lagd Ll bl o
i plate S sl

&S J=ls S sl blockldx e
Ssb s & kil threadldx e

s Lmesls 51 plaasS il s laates gls

SLacS sk 5l gyl e S S e ile glag

W S IVIAsS a1 Jo 8 Olas oS ol



Gldhor iz Bl 15l o gl S0l 5 slae 5531
S5 Sl Olidzes (AOLS Wledd o5ls x5 il NP
Ol VU el 0 Odonws shitons ay, Sl 5 Shee
3o gn mbe Sl 5e o1 e e o Joely LatS Vb Slles
JUP A (IS g RGO [PV COVS | oo PR W P
PSO (sl ol 5 gy dial 53 &S gla_iass 5 Slallas Ll
S (g3ls sl se e S el (K31 S0l 2 655 2
SSKeall Ly S (i) 55 a0 O3 plaaxl (gileange
S5 Sl il Slas sl al 5 s i, ol sl Ol
[P s YO] ol ol sl

ol (gluaindey olaaas (S350 v (il @

¢ el @Lﬁw 3l

©0iws 5 Obme c o3ls Ul (gluaaS @

Olg sladsil 5 S 2l ol Sl eslizal @

(5l pe g I (s il Sl ag, Salinal @

sl ge CJQ.N ol Gl Sl g gileae @

g Sy e (,.JM °

¢ Shal absl> sleslanal b b sl giluansy @

el gl adasl 3l eslaal (glaaniy @

Sl 5 sleal, WO iy s FV] s s
s 3lmosly o3 plazl (g 3laigs o 5583 Sleslizal L 1
Srlp S e 503 o SO Sedisls 655
old 05y Je cde s S edalin |, CPU Jue 4 cnd
VL @i SCLSelsls 5 SO eslaal ol il 58
5 odiaily) algiy iy b dlie ol s S Il s Sl SM
e e & 25l Een 45 Las 5 SMY Sl eslinl L
S| oy

w8 sleesly s1p s5lse LBy S TAT Wls s
L ool bl b Ls S wlyl Sl Seisls o 5, » PSO
edis3laealy o S 4S L3S sdalie O gal b
ISP [ S IF A LIS NI S P PRV ESTTSS
238 1l CPU (g5 5 eddig5luenly

e3bial b b3 plost (gilasingr o2, S0 YA Ulas

\'UL«..i'fg/\Jl;.-ngJQL?—.»Bm‘deu/F'

23 e e aS s slagsld Sleleul L 1) o
S oo Sleyis el sdal (Y) 5 (V) (glad 5o 3
Vig = WiVig + Ci R (Dig — xia) + CzRg(Pgd — Xiq) M
Xig = Xig t Vig Y
a3 5 sSUB W e Vig coy3 Cmd go Xig O1 )3 oS
soedy Cuie Sl alael Cp 5Cy 5l A 2d S N) sl
waJ_E);Yﬂ\ﬁfﬂjwéngﬁfﬂiéLm)jﬂé
(V) 03 o i 3l sl Ry 5 Ry [Y4] s e
R IR R YU B SHR FCEUNL PRSI R
O o 5 O L e D15 plad 3 Coad g
Gl ol 035 QL T LY e 13 das o 53 Cund 4o
1]

Vinax (s=ay S &g d dnd 8 53 S5 Cs
S oS 358 sl sy g gazs STV ] 5l Sy
aS el s jas e bl SO L sy Vi )5l ded 0
Vinax dy dosd O o o ol 0 o a5 |3 51 )18 Lo 5
Sl @l DS Slads slaas JSlas [V ] 558 0 350
Las olal 3l Blus 5 ol )3 CL“:"_‘ Solwange p-“i)ji“
St Sle 035 0SB sd e e A5 b S A
O Slesgdome 55 05 Vsans 5 i e sl 03,5
ol s o 03,5 Iy ils B 555 e Ll /A 5 V/Y
ad [PV s oy pals cns Solads sl 5 L 2058
03,51 (V) s 5831 55 3 plasal (g3lang oy 81 S

[Y’Y] Sl 0l

For each particle
Initialize particle
End For
For i=1 to it_Max
For each particle x in X
F,=Calculate fitness value for X
If Fx is better than Figes in history then
IBest=x //Set current value as the new IBest
End if
End For
Choose the particle with the best fitness value of all the
particles as the Pggest
gBest= best x in X
For each particle X; in X
V=WV+C; R, (IBest -X)+C; Ry (gBest -X)
X=X+V
End For
End For
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//Define Macro for Calculate Minimum
1.  #define MIN(xy) ((x<y) ?x:y)
//Define Macro for Invert Random
2.  #define CheckRandom(x,y,z) ((x >y) ?-z: z)
//Define Macro for Calculat Best in Minimum
3. #define MinumBest(x,y,z,m) ((x<y) ?z: m)
//Define Macro for Calculated Minimum is true?
4.  #define MINBOOL(x,y) ((x <y) ? true : false)
//Define Macro for Calculate Maximum
5.  #define MAX(x,y) ((x>y) ?x:y)
// Define Macro for Calculate Minimum Thread
6. #define MIN_IDX(x,y, idx_x, idx_y) ((x <y) ?idx_x : idx_y)
//Define Macro for Calculate Maximum Thread
7.  #define MAX_IDX(x,y, idx_x, idx_y) ((x >y) ?idx_x :
//Define Macro for Calculate Minimum Thread Value
8.  #define IFASSIGN(x,y, val_x, val_v) ((x >y) ?val_x : val_v)
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gd_XX [NXXNy]

gd_VX [NXXNy]

gd_pbestx [NxxNy]

gd_pbest [Nx]

gd_minval [Ny]
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Find Best Postion in parallel
Input:ix,nx, gd_xx, gd_pbestx
/ unrolling warp and warp synchoronous
1. if tid <32 then //if tid smaller than warp
a. if blockSize >= 64 then
/Compare wsMINIdx[tid],with Best index of Minimum value found
I. LastBestindex=MIN_IDX(wsMIN[tid+32],
LastBestMin,wsMINIdx[tid+32], LastBestindex)
/Compare wsMIN[tid]with Best Minimum Value found
1. LastBestMin=MIN(wsMIN[tid+32], LastBestMin)
b.end if
c. if blockSize >= 32 then
1. LastBestindex=MIN_IDX(wsMIN[tid+16],
LastBestMin,wsMINIdx[tid+16], LastBestindex)
IV. LastBestMin=MIN(wsMIN[tid+16], LastBestMin)
d.  endif
e.
2.end if

/hwrite result for this block to global mem
Output: BBlock, Bestindex, BestGloballndex
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Unrolling LOOPS
Input:ix,nx, gd_xx, gd_pbestx
/lix get thread id
/Inx get number of particle
Il gd_xx(X)(i=1,2,..,.D) to get position value
/lgd_pbestx(X;)(i=1,2,..,D) to get best position value
/[Find Data in Block via ix+(i*nx) that ix is thread ID
/ISet the position value via ix+((i+1)*nx) that ix is thread ID
1. Seti=0//set Default dimesion
2.  for each dimension i do by 2 Step in each dimension
a.  C=ix+(i*nx)/fcurrent dimension
b.  N=ix+((i+1)*nx)// Next dimension
c. gd_pbestx[C]=gd_xx[C]
d. gd_pbestx[N]=gd_xx[N]
3. endfor
Output: gd_pbestx
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Unrolling Kernel
Initialize, set the "block size" and "grid size", with number of threads
in a grid equaling to Swarm Size (N).
Input:N,nx,ny,nb,gd_xx,gd_vx,gdweight_up,gd_pbestx.GRnd
/I nx,nb for Size of Particle and block
/I gdweight_up for weight factor
/I gd_xx to global memory
/I gd_vx to global memory
Il'localbestindex for Copmuted best index of Fitness
I/ set thread ID
1.ix = blockldx.x * blockSize + threadldx.x
//Best Local index in Block
2.BBlock= (ix MOD nx) / (nx / nb)
//Bestindex in global
3. BestIndex=globalbestindex[0]
4. BestGloballndex= localbestindex[BestIndex+((ix/nx)*nx)]
/IMyRNG is Function For Generate Random
Random number in device
/lrnd is random number in global memory
5.R; = MyRNG(ix+GRnd+LRnd)
/IMyRNG?2 is Function For Generate Random number in device
6. R, = MyRNG (ix+GRnd+LRnd)
7. ay=gdweight_up*gd_vx[ix]
8.a; = gd_pbestx[ix]-gd_xx[ix]
9.as = gd_pbestx[localbestindex[BBlock]]-gd_xx[ix]
/I Particle Velocity and Position Update
10. gd_VX[iX] = a1+(C1*(R1*a3)) + (Cz*(Rz*as))
11. gd_vx[ix]= MIN(gd_vx[ix], Vmax)
12. gd_vx[ix]= MAX(gd_vx[ix],-Vmax)
13. gd_xx[ix]=gd_xx[ix]+gd_vx[ix]
//Unroll kernel
14. R;=MyRNG(ix+rnd)
15. R,=MyRNG2(ix+rnd2)
16. a;=gdweight_up*gd_vx[ix]
17. az=(gd_pbestx[ix] - gd_xx[(ix)])
18. as=(gd_pbestx[BestGloballndex]- gd_xx[ix])
19. gd_vx[ix]=a1+(C1*(R1*a3))+ (Cz*(Rz*as))
20. gd_vx[ix]=MIN(gd_vx[ix], Vmax)
21. gd_vx[ix]=MAX(gd_vx[ix],-Vmax)
22.  gd_xx[ix]=gd_xx[ix]+gd_vx[ix]
Output: gd_xx, gd_vx
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Find Best Postion in parallel
Initialize, set the "block size" and "grid size", with number of
threads in a grid equaling to Swarm Size (N).
Input: ix,nx, g_idata, g_idxs
Transfer All Particle from global to shared memory
/lgridDim is number of active threan in block
/I set thread 1D
1. i =blockldx.x * blockSize * 2 + threadldx.x
2. gridSize = blockSize * gridDim.x * 2
/lg_idata(X;)(i=1,2,..,N) to get temporary position value
/1'g_idxs(X;)(i=1,2,..,N) to get temporary index of position value
/lin-place reduction in global memory and unrolling 2 data
blocks
3. for each block i do by gridsize Step
a. Assign index+blockSize to tid
b.if (N is Power of (2)) OR (tid )< N) then//boundary chek
/ICompare g_idxs[tid],with Best index of Minimum value
found
. MIN_IDX(g_idata[tid],LastBestMin,g_idxs[tid],LastBesti
ndex)
/ICompare g_idata [tid]with Best Minimum Value found
Il.  MIN(g_idata [tid], LastBestMin)
c. endif
4. end for

Output: BBlock, Bestindex, BestGloballndex
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Model Intel® Core™ i3-2330M CPU
Frequency 2.20 GHz

CPU Bandwidth 21.3GBI/S
Average MIPS 35000 MIPS

FP64 (double)  24.085 GFLOPS

GPU, GeForce GT 525M CUDA™
GPU GPU, GeForce GT 1050Ti CUDA™
RAM 4.00 GB
0os Windows 10 pro 64Bit
Tools SDK?7.5&MicroSoft Visual C++ 2013
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Random Number Generator Function on GPU
Initialize, set the "block size" and "grid size", with number of
threads in a grid equaling to Swarm Size (N).
/Itid is thread 1D

Input: tid,next

1. Set result to 0 by default

2. Set Prime Number to 1103515245 by default

/Imul24 is function for multiply long number

3. next=mul24(next, 32)

4. next = mul24(next, Prime Number)

5. next= next+ 12345

/lconvert long number to float number

6. result = (next/65536) Mod 32768

Output: RandomNumber in (0,1)
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— GPU, GPU,
Lif, N Te
Tes Teo Ses Seco REss REco Tes Teo Ses Sco REcs  REco

2000 1.99 0.59 0.24 3.37 8.29 423 104 0.36 0.19 5.53 10.47 1.98 3.78
3000 2.8 0.82 0.28 341 10 4.28 12.54 0.41 0.19 6.83 14.74 245 5.3
4000 3.69 1.05 0.35 3.51 10.54 44 13.22 0.5 0.21 7.38 17.57 2.67 6.34
5000 47 1.28 0.39 3.67 12.05 4.6 15.12 0.55 0.22 8.55 21.36 3.1 7.71

f1 6000 5,51 1.52 0.44 363 1252 455 15.71 0.64 0.22 8.61 25.05 3.1 9.01
7000 6.45 1.75 0.5 3.69 12.9 4.63 16.18 0.74 0.23 8.72 28.04 3.14 10.09
8000 7.44 2.01 0.55 3.7 1353 464 16.97 0.81 0.26 9.19 28.62 3.32 10.31
9000 8.35 2.27 0.56 3.68 14.91 4.62 18.7 0.89 0.24 9.38 34.79 3.39 12.54
10000 9.2 2.52 0.64 3.65 14.38 4,58 18.04 0.94 0.26 9.79 35.38 3.53 12.76
2000 1.8 0.8 0.56 2.25 3.21 2.82 4.03 0.41 0.34 4.39 5.29 1.59 191
3000 2.65 0.83 0.97 3.19 2.73 4 342 0.68 0.53 3.9 5 141 1.8
4000 343 0.93 0.45 3.69 7.62 4.63 9.56 0.26 0.23 13.19 14.91 4,76 5.37
5000 4,18 1.05 0.69 3.98 6.06 4,99 7.6 0.35 0.18 11.94 23.22 4.33 8.36

f, 6000 51 1.36 0.75 3.75 6.8 4.7 8.53 0.37 0.23 13.78 22.17 497 8
7000 5.79 1.44 0.43 4.02 13.47 5.04 16.9 0.25 0.17 23.16 34.06 8.36 12.29
8000 6.55 1.69 0.41 3.88 15.98 4.87 20.05 0.21 0.18 31.19 36.39 11.25 13.12
9000 7.34 1.84 0.86 3.99 8.53 5.01 10.7 0.63 0.61 11.65 12.03 4.22 4.33
10000 7.91 2.05 0.63 3.86 12.56 4.84 15.76 0.21 0.18 37.67 43.94 13.55 15.82
2000 241 1.27 1.16 19 2.08 2.38 2.61 0.93 0.77 2.59 3.13 0.94 112
3000 3.61 1.72 1.49 21 2.42 2.63 3.04 1.05 0.79 3.44 4.57 1.23 1.66
4000 4.87 217 212 2.24 2.3 2.81 2.89 117 0.89 4.16 5.47 151 1.98
5000 6.06 2.59 2.15 2.34 2.82 2.94 3.54 125 0.93 4.85 6.52 1.77 2.34

f3 6000 7.33 3.04 24 241 3.05 3.02 3.83 1.32 1 5.55 7.33 2.02 2.63
7000 8.72 341 2.65 2.56 3.29 3.21 4.13 1.48 1.06 5.89 8.23 2.13 2.96
8000 10.18 3.9 291 2.61 35 3.27 4.39 16 1.15 6.36 8.85 231 3.21
9000 11.3 431 1.9 2.62 5.95 3.29 7.46 1.72 0.61 6.57 18.52 2.38 6.67

10000 12,51 475 3.49 2.63 3.58 3.3 4.49 1.83 1.27 6.84 9.85 2.45 3.53




18 Sl ekl 5 555 2 CUDA Sl eslazal L &l CL,:;—\ Silwang ("::'._))Q] e Sl s

Ll (g 00 YO/AA wja)lmgjw\am)@&,:{-
)DGJ,M.; J';ASJAA) ! OJ:AA)GS :ubf LSf‘ffj‘C
534S (eolginy s & S e Colg 3 asd e
S el a5 Shas (cul sl Jlas! GO &b
w@pﬂyuyd\ﬁﬁ,\;cj% slaasl
Gl Sy U slaie gbanl ¢l b g 5dss L6
G oo b Ol oo O 51 eslizad b 5 S &1 & lize
|R‘GSJCMW§:}‘J,§OJ¢)‘JJ& d))f‘) c\)s w‘
S8

S = Sl S Gadyoebie 5 230k o
el 0 03,51 (V) S s = 12 GO &b

m— Gpul-REGS GPU1-REGO
20 o GPU2-REGS ~ mmmmm GPU2-REGO 40
e GPU1-SGS GPU1-SGO
e GPU2-SGO e GPU2-SGS 35
15 30
>
(&)
= 25
() =)
= o
- (<]}
w10 208
E n
=
8 15
&
5 10
5
0 0
O © & ® ® & ®
SO N SN SN SN SN SN
,-»Q ,\,)Q VQ 6% ‘OQ ,\Q %Q O)Q \QQ
Swarm Size (N)

GPU, 5GPUL (59, 2 Jsl ml (225L 5 g 3 lin :(V) Y2
L5l ol sl REDes abons o35l 45 35 o ok
GS &l 4 i GO &l 5 b oo ol 3l Cmer A2
21 VG el 5 re Sl pea 6 p s el
Wby as p oleda oo el gy mlide o
el sl 03,51 (A) K2 s e3> b 512 GO

JBCPU 65, nCilip 5 fs 5 fo slanl =G
S 39 g0 i J> B0 (3L Ol Gl 5 Sl 4 i
RCIUR 75 0 S W e SO 0 P SCTNVRPRICIR N o W
S35 = GO dsliy pofs mls ol Olny oomen
3 e S Iy el (S by (SISeh
o S 5 S L Sd e A 3 L a6
aed OlpS e opl byl 0dd = U (6l 2l Ol
Sl Seki3ls 0 gy p sddgiluosly GO Wil oS b S
ol elin s 5 Slle A2 5 61
fo sfo i mb 4w sl et w3 (F) S5 )5
wd 4 S ol GPUL (555 2 45 GO 5 GS &by 53 o

NUIWH PR W WL‘;«"&L

Sgs,fl L]
—A— Sgo,f2

Sgo,fl
—— Sgs, 3

—a— Sgs,f2
—o— Sgo,f3

Swarm Size (N/1000)

GPU1 (555 2 GO 5 GS )3 gl @ i dumlis :(5) JSL
5, Shes sddg5lwesly GO Al p oS 555 o okss
fa m sl o Shas (pl 525 GS Ll 5l (6 2 3l mes
355 LS o Blio 5 Ates atels O (gla e oS
il 1y el Slae op i fo w6 fy U (VL Sy
fo ml a S S 5 e L B 0T 51
AU T ol g 035 [0 e e S e )
Cmarr Sl sl GUsS 5L s 5 ol i)
bl plids 0Us S5 b am tol S5 Olb

as a5 L sybC 5 GS 3l 6 e ol e s Slee GO



ps3 Sebesl slaasl Y.¥ ¥
Al Sl ot sl LSS Slads iles plomil s
elod sl (N) S5 Comar sl 0l as S Jal 3 Ve
e Dol als w5 k5 p Ve Cb o seon s
GS € b, >l sl Tao 5Tas (To ool akine Il
95§l = edda b o33 REgo sREgs . GO
sl b alowe w5 Sco 3 Ses 3 Liwer GO 5 GS Ll
Siolesl gl glaanl il s GO 5 GS &b, 53 sl
Jsdr 53 GPU, 5 GPUL (S8 Sslasisls 555 » g5

G IS a:_;jT (O)
ps3 ooyl glaaily Jdou F XS

Sl Ol & o Osa31 il 55 sl Ole3 (V1) IS s

sl ol eb)jT&J% L)i'j)

D a—Tefl
(]
§ Tgo,fl
|_
= —m—Tc,f3
= —#—Tgo,f3
5 —o—Tcf2
ad

Tgo,f2

10 20 30 40 50 60 70 80 90 100

Dimension (D)

GPUs (535 2 b 4w (sl 2 0oy 0nKilo gl (1 0) St
0as S b oS npd e edalin (V1) IS0 55 L
2C &b,y of &b sl Gl et o Olay divws slal
3L Oleyode 5 S o iy ($3 500 D) 504 CPU (555
RGO &by 53y mb sl I 350l J o
03,5 1y JialS (o, Kedr sk 4 (K380l 55
fo s fislamls laauls 035 OLSG & 425 L 5 o
4S ad sdaline flGUgwaGU%LjJﬁﬁj
55l 3) Caaly & ol (6 a8 5 GO s
5 S LVl Slabe Sy 5 alies sl A3,

Yo)uc/\.ua-gr].'v@pbm‘\lm/‘f

GPU1-REGO
mmmm GPU2-REGO
e GPU1-SGO
— GPU2-SGS

mmmm Gpul-REGS
= GPU2-REGS
em— GPU1-SGS
— GPU2-SGO

20 60
18 55
6 50
214 4
= 404
e 12 353
W10 308
2 N
£ 8 25
2 6 20
& 15
4 10
2 5
0 0
Q Q Q Q Q
\) \) \) \) \)
RN O O \@

Swarm Size (N)

GPUzJGPUl 6})#(}: cu @:jlg) @J.J L-gl:u :N) JSJ

fj: CL_? db_: (RE) o.l,'idv:mbu ob)'L.: aS J}J:dﬁ s>
21 8 e Sl ea 233 5 6 pdy Lie GS

wbp s 2 lgig s sl s pdy plde s
RGN IS ab)_ﬂ (Q)Jﬁﬁ)b r}m CU d‘fGO

mmm Gpul-REGS GPU1-REGO
mmmm GPU2-REGS = GPU2-REGO
e GPU1-SGS e GPU1-SGO
e GPU2-SGO e GPU2-SGS

Rectified Efficinecy
o [ N W b o o o~ oo
o (6] = [ N
o (&3] o
Speedup

f & &
\ Q Q \
ARSI NN

Swarm Size (N)

GPU; sGPU, ‘5‘”)3(‘,.« GU ‘;hb)lg‘gc_,wa’ Ls\d.m (\)JS—:»
Y r_}w CU LS\J" (RE) oﬁwbu a.:jl.: iy J},&:L;a s>
:\_AUJ_.’)J_LS‘_;» M)Lﬁ“wﬂ‘ﬂ\bcw‘ 4.2”.'“5 <_§*‘~’U
54l G SOl 6 i rlide GS by 4 el GO

Syl 6 5V es sl



WSSl 5 535 2 CUDA Sl eslizal b b plasl (sibatings w80 3 50g Sl o255

u_i.:é‘;a.l_})'\bﬁ ng)ﬂGO buﬁ):fg CU LS‘)"‘L’
et i L s e S by alS (St jsba b
.,\_xj.,\_.:v) JP}LCU w\ co@)J‘J\S&a J\;u)w‘)b
o lanl b Gl by & S5 5 58 ot b alis
Coed GO &l a5 3 St 018 o 0l plo sl 0l

35 C el 4 od Ul e 3l

A eS osba i i pl sl Ol 4 Ses s
503l a5y o wlg nl ] Ol o A e
Gl Olesds 5 o Bl Sl opl 5 s ol
35 b Sl S glaml (5l GO &l Ju LB
5 Bofi glasl b ol als slal 043 S5 04
CPU&_;x{sg:Mﬁl(..Aggii:)JCPU S »C by o fy
S A WL ) Bles 65l Glnlme (St

Ls—})JSg;cM)dJ}MCJ)}.&MU&MJ}):}‘UC)JAJ

GPU; 4GPU; SI) 2 f"" g';"o’\nJi 6‘f‘ 6@4.’3%_ :(0) J"J?

_ GPU, GPU,

X D Tc

L Tes Teo Ses Seco  REss REco Tes  Teo Ses Sco REes  REco
10 1.99 0.59 0.58 3.36 343 421 4.30 0.36 0.19 5.59 10.72 7.01 13.45
20 474 1.15 1.06 412 4.49 5.17 5.63 0.53 0.20 8.93 23.94 11.20 30.04
30 7.08 1.90 1.52 3.73 4.66 4.68 5.85 0.78 034 9.05 2064  11.36 25.89
40 1182 3.66 1.82 3.23 6.50 4.05 8.15 1.42 1.19 8.33 9.98 10.45 12,51
50 1233 452 1.83 2.73 6.74 342 8.45 1.63 1.32 7.55 9.32 9.48 11.70

i 60 1650 5.38 1.99 3.07 8.30 3.85 10.41 185 147 8.94 1122 1122 14.07
70 1854 6.29 2.19 2.95 8.48 3.70 10.64 220 1.63 8.43 1134 1057 14.23
80 2344 7.23 2.38 3.24 9.86 4.06 12.37 251 182 9.33 1289 11.70 16.17
90 30.11 8.18 2.58 368 1168 462 14.65 376 1.98 8.01 1523  10.05 19.11
100 4115 9.16 2,77 449 1485 563 18.63 402 207 1024 1993 1284 25.00
10 1.80 0.61 0.43 2.97 4.21 3.73 5.28 034 041 5.27 4.40 6.61 551
20 6.39 2.08 1.43 3.07 4.47 3.85 5.61 1.13 1.03 5.66 6.20 7.10 7.78
30 1007 295 1.70 341 5.92 4.28 7.43 1.47 1.13 6.85 8.92 8.60 11.19
40 1334 3.78 2.14 3.53 6.23 4.43 7.82 1.65 1.26 8.09 10.62 10.15 13.32
50 1651 4.68 221 3.53 7.46 4.43 9.36 1.88 1.40 8.78 11.78 11.01 14.78

f2 60 19.64 559 2.45 351 8.01 4.40 10.05 211 1.55 9.29 12.67 11.66 15.89
70 2557 6.52 271 3.92 9.42 4.92 11.82 241 1.78 1060 14.40 13.30 18.06
80 2953 746 297 3.96 9.95 4.97 12.48 2.69 193 1099 1534 13.79 19.24
90 36.63 8.40 3.27 436 1121 547 14.06 2.96 206 1238 17.76 15.53 22.27
100 40.87 9.38 3.53 436 1157 547 1451 3.28 224 1248 18.22 15.66 22.86
10 241 1.28 0.52 1.88 4.67 2.36 5.86 0.93 0.77 2.59 3.15 3.25 3.95
20 5.06 2.07 1.20 244 4.22 3.06 5.29 1.13 0.86 4.47 5.92 5.60 7.43
30 7.81 2.93 171 2.67 4,57 3.35 5.73 141 1.01 5.56 7.70 6.97 9.66
40 9.90 3.82 1.84 2.59 5.38 3.25 6.75 1.61 1.17 6.14 8.50 7.70 10.66
50 1434 472 2.08 3.04 6.88 3.81 8.63 1.88 1.26 7.63 11.35 9.57 14.23

f3 60 16.25 5.72 2.29 2.84 7.10 3.56 8.91 2.15 141 7.57 11.56 9.49 14.50
70 1943 6.90 2.53 2.82 7.68 3.54 9.63 244 1.62 7.97 11.99 10.00 15.04
80 2534 8.26 2.73 3.07 9.26 3.85 11.62 2.69 1.74 941 14.54 11.80 18.24
90 31.09 9.80 297 317 1047 398 13.13 2.98 192 1045 16.22 13.11 20.35
100 3537 1150 3.20 3.08 11.05 3.86 13.86 3.27 203 1083 17.40 13.58 21.82




GPU1-REGO
mmmm GPU2-REGO
e GPU1-SGO
e GPU2-SGS

mmmm Gpul-REGS
mmmm GPU2-REGS
e GPU1-SGS
e GPU2-SGO

30 25
25 20
g o
220 S
S 159
£ s
g 15 -z
= 10

5 10
x
5

5

OI 0

10 20 30 40 50 60 70 80 90 100

Dimension (D)

GPUzJGPUl S92 JJ‘ 6\3 ‘_‘A:}‘e" &r“' A..qﬁ.a (\Y) JS.«"A

GPU1-REGO
mmmm GPU2-REGO
e GPU1-SGO

mmm Gpul-REGS
mmmm GPU2-REGS
e GPU1-SGS

GPU2-5GO = GPU2-5GS
25 20
20
- 15
b
2
© 15 [}
= =
E 0%
£ 10 @
3
& 5
5

OI 0

10 20 30 40 50 60 70 80 90 100

Dimension (D)

GPU2 5GPU (5355 52 p33 gl (235k 5 g demlls :(0F) L5
Less b Gl RE) sddaralons 035l a5 555 o0 oy
Comed GO Al 5 b o il Pl caltis slal 0 S5
SV a5l 5 e e Sk LR GBS by 4

5,ls

Wby s 2 ol Pus Jlesl g pdy ol w2
S W RGN P oJ)jT (\‘f) Jg_.; B f}...u CU LS‘JJGO

g)ﬁ b r)_..u C»U LS‘JJ (RE) o.L..f:‘\.?...ubw b.))'l.g oS )_9..3@

Yo)uc/\.kla-gr].'v@l?wbmw/\/\

fy 3 fp di Saml S sldiralones s (1)) IS 53
e 3 Sl el glis o8 L, GO 5 GS by 53
Sl Shs Sl e lwesly GO &ali s a5 555 o
ol 523 GS Al o e a5 S
Glo dilals OF Gla pize oS 33 o b (61 5 Shee
oijl@juubdﬂgjt,\aﬁd,:;ﬁ fi ol LS
ol o S o Al S350 S b s 5 B ol
Wi slal O3 S5 b slgdy b, 3l eslizad L GO
J5 55 )b C 568 s il (g Sl e 5 Shes
O soi $olgiy GO il o fy Gu B ay)
Y 5 €Ll g0l o VHAD Jldie &0 5 axdls A (g Seder
ool ey GS &ali s 5o

Wl o 2 elein Fus dlesl G pd bl o) 2
o 0l 03,51 (1Y) I 55 Jl =t &2 GO

L dol 26 sl RE) edliianlons 0350 45 555 o oy
slnd gl mmen 5 b oo SRl alis sl DU S5
P Mt 5038 Jas g s ol 5B S S
6 sty ol GBS sl s 4 s GO 8y 5 ol a2l
RS ERTF0 (MR LS PR YRR [VTY

Wby o) @l Sos dlesl G oy wlide o) 2
sl ol 03,51 OF) IS s ¢5> @b sl » GO

Sgs,fl ®— Sgo,fl
—&— Sgo,f2 —— Sgs,f3

—a&— Sgs,f2
—o— Sgo,f3
16

14
12

Speedup

10 20 30 40 50 60 70 80 90 100

Dimension (D)

GO 58S ;5 Ll g delia 1)) JK3



14 Sl Sekisls 55 » CUDA 3l sslinad b 2l 3 CL,:;—\ Silwang VLU)Q‘ e Slp s

S S om0

glarl (loting o, S sl 5 s5lwesly lis cpl s
¢Lox! Geforce GT 525m Sl Sl s sy 3
dntel Core i3 505505 5 L acslie 53 sdijls  opl 28 S
aS 5)ly ails  dne QA s | el ams sl
L OBt 6l ol 08 5315 sl Ay 52 50
plomil o6 3luesly w8 s S bl gl >
L alssegr 63l oS0l gl ) o i S amsts (sl
S = Sle—iey sl 5l il 5 S, 3l eala
U s g B e iy W5 e S Se
O 3l eslial U 5 s 5 CPU iy ol (55208 5 jons
O S Uy i Sl e U Sl
s Se romen 5 S = CPU (54, 5 oddg5lwesly &b,
Sl (S b lasl ) eslinal | olgniy b,
Sl sy Loas sl ol @u,wes)"&uoju;»
CPU (slaps 5l 50558 Sl (S3150i5  lags
g ol s eolet Srs Sl esli ol L s
E5= ol 3 2l e Ol o s (3l
ol s 45,8 pl e sl 558 Ol 1y Sl
e |y (S S0l e CSlan 5 Shas 5 ol i
2 s Sy rlie (e p Cpoees (13 1 CPU &
Geforce 1050Ti L3l Selsls o 55y » solgdn s,
o33l 5 g G da plads olgly i, aS o 0L
g Ol e ol s ks Y Sl
sl A d 5 5l il Sl falS 5 Sl s 3lesslse

[1] Engelbrecht A. P., Fundamentals of Computational
Swarm Intelligence, John Wiley & Sons, 2005.

[2] Eberhart R. C., Shi Y. and Kennedy J., Swarm
Intelligence  (Morgan  Kaufmann  series in
evolutionary  computation), Morgan Kaufmann
publisher, 2001.

[3] Yang X. S., "Swarm intelligence based algorithms:a
critical analysis.Evolutionary intelligence”, pp. 17-
28, 2014.

Wl 4 S GO Wby 5 b oo il 3l calis slal 02
o 301 YL Al 5 e Sl g pd lis GS
5GBS Al 53 s Al s 45 23S e Ol
Sloals G, a8 ol Jloseds O Jlase 042 Js 5
Sty Fas o ah e (B3 e W8 s Ol R
ot & Flio 3 s o ok Jlasl GO by 3 S
el b Ko s o sl 5 3505 C 5 GBS glaasli s
Ll e GO Al izmen A5 o Jos g sl Sz
L slvae glapls sl b ¢ 5ds=d 16 ol
A S b plasil 5 S 151 sl sla Sdoes

)Cuw&‘ﬁo.h)lbﬂ 63))'.") c‘}? U'i‘ d‘};d‘

mmmm Gpul-REGS GPU1-REGO
= GPU2-REGS = GPU2-REGO
e GPU1-SGS GPU1-SGO
e GPU2-SGO e— GPU2-SGS
25 20
20 15
Qo
& 3
2 &
‘315 &
i 10
°
<2}
=10
5
o
5
5
0 I 0
10 20 30 40 50 60 70 80 90 100
Dimension (D)

GPU; 4GPU, S3 2 f_,u @U dﬂ.;jlg‘g @,.J :\.ﬁu.a :(\F) JS.J’»

e

[4] Kennedy J. and Eberhart R., "Particle swarm
optimization", in IEEE international conference on
neural networks, Perth, Australia, 1995.

[5] Bratton D. and Kennedy J., "Defining a standard for
particle swarm optimization”, IEEE swarm
intelligence symposium, pp. 120-127, 2007.

[6] Tan Y. and Zhu Y., "Fireworks algorithm for
optimization”, in Advances in Swarm Intelligence
(LNCS 6145). Berlin, Germany: Springer, 2010, pp.



(71
(8]
(9]
[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

355-364.

Ross P., "Why CPU frequency stalled", IEEE Spectr.,
vol. 45, no. 4, p. 72, Apr. 2008

NVIDIA’S Next Generation
Architecture: Fermi, Nvidia, 2010.

Zahran M., Heterogeneous computing,
Communications of the ACM, 60(3), pp.42-45, 2017.

Cheng J., Professional Cuda C Programming,
Indianapolis, IN: John Wiley and Sons, Inc, 2014.

Essaid M., ldoumghar L., Lepagnot J. and Brévilliers
M., GPU parallelization ~ strategies  for
metaheuristics: a survey, International Journal of
Parallel, Emergent and Distributed Systems, 34(5),
pp.497-522, 2018.

Ujaldon M., HPC Accelerators with 3D Memory,
2016 IEEE Intl Conference on Computational Science
and Engineering (CSE) and IEEE Intl Conference on
Embedded and Ubiquitous Computing (EUC) and
15th Intl Symposium on Distributed Computing and
Applications for Business Engineering (DCABES),
2016.

Mu D., Lee E. and Chen P., Rapid earthquake
detection through GPU-Based template matching,
Computers & Geosciences, 109, pp.305-314, 2017.

Lim S. and Kang P., Implementing Scientific
Simulations on GPU-accelerated Edge Devices,
International Conference on Information Networking
(ICOIN), 2020.

Barajas C., Gobbert M. and Wang J., Performance
Benchmarking of Data Augmentation and Deep
Learning for Tornado Prediction, IEEE International
Conference on Big Data (Big Data), 2019.

Reddy B., Performance Analysis of GPU V/S CPU
for Image Processing Applications, International
Journal for Research in Applied Science and
Engineering Technology, V(II), pp.437-443, 2017.

Jurczuk K., Czajkowski M. and Kretowski M., Multi-
GPU approach for big data mining, Proceedings of
the Genetic and Evolutionary  Computation
Conference Companion, 2019.

Mittal S., and Vetter J. S., "A survey of CPU-GPU
heterogeneous  computing  techniques”, ACM
Computing Surveys (CSUR), vol. 47, no. 4, 2015.

Domanski L., Bednarz T., Gureyev T. E., Murray L.,
Huang E., and Taylor J. A., "Applications of
heterogeneous computing in computational and
simulation science”, Fourth IEEE International
Conference on Utility and Cloud Computing, IEEE,
pp. 382-389, 2011.

Fei X, Li K., Yang W. and Li K., Analysis of energy
efficiency of a parallel AES algorithm for CPU-GPU
heterogeneous platforms, Parallel Computing, 94-95,
p.102621, 2020.

CUDA Compute

Top500.org.  November 2019 | TOP500
Supercomputer ~ Sites.  [online]  Awvailable at:
<https://www.top500.org/lists/2019/11/>  [Accessed

27 May 2020].

Soyata T., GPU Parallel Program Development
Using CUDA, 2019.

(23]

[24]

[25]

[26]

[27]

(28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

(38]

[39]

Y ooyl LAM?&erLMBMM/Y‘

Nvidia T., CUDA C BEST PRACTICES GUIDE,
NVIDIA Corporation, 2015.

TechPowerUp, Techpowerup. [online] Available at:
<https://www.techpowerup.com/gpu-specs/>
[Accessed 27 May 2020].

Ma S., Liu Z,, Chen S., Huang L., Guo Y., Wang Z.
and Zhang M., Coordinated DMA: Improving the
DRAM Access Efficiency for Matrix Multiplication,
IEEE Transactions on Parallel and Distributed
Systems, 30(10), pp.2148-2164, 2019.

Ghorpade J., Parande J., Kulkarni M. and Bawaskar
A, "GPGPU PROCESSING IN CUDA
ARCHITECTURE", Advanced Computing: An
International Journal (ACH), vol. 3, pp. 105-120,
January 2012.

Cook S., in CUDA programming: a developer's guide
to parallel computing with GPUs, Newnes, 2012.

Shi Y., "Particle swarm optimization: developments,
applications and resources”, in Proceedings of the
2001 congress on evolutionary computation, 2001.

Shi Y. and Eberhart R. C., "Parameter selection in
particle swarm optimization", in International
conference on evolutionary programming, Berlin,
Heidelberg, 1998.

Eberhart R. C. and Shi Y., "Evolving artificial neural
networks", in Proceedings of the international
conference on neural networks and brain, PRC, 1998.

Shi Y. and Eberhart R., "A modified particle swarm
optimizer,” in IEEE world congress on computational
intelligence, Anchorage, AK, USA, USA, 1998.

Swarmintelligence.org. Particle Swarm Optimization:
Tutorial. [online] Available at:
<http://www.swarmintelligence.org/tutorials.php>
[Accessed 27 May 2019].

Zhou Y. and Tan Y., "GPU-based parallel particle
swarm optimization", in Proc. IEEE Congr. Evol.
Comput. (CEC), Trondheim, Norway, pp. 1493-1500,
20009.

Zhu W. and Curry J., "Parallel ant colony for
nonlinear function optimization with graphics
hardware acceleration"”, in Proc. IEEE Int. Conf.
Syst. Man Cybern. (SMC), San Antonio, TX, USA,
pp. 1803-1808, 2009.

Umbarkar A. J., Joshi M. S. and Rothe N. M.,
"Genetic algorithm on general purpose graphical,"
ICTACT Soft, pp. 492-497, 2013.

Zhou Y. and Tan Y. "GPU-based parallel
multiobjective particle swarm optimization", Artificial
Intelligence, pp. 125-141, 2011.

Mussi L., Stefano C. and Daolio F., "GPU-based
road sign detection using particle swarm
optimization", in 9th IEEE International Conference
on Intelligent Systems Design and Applications,
20009.

Zhou Y. and Tan Y., "GPU-based parallel particle
swarm optimization", in IEEE Congress on
Evolutionary Computation, 2009.

Veronese L. P. and Krohling R. A., "Swarms flight:
Accelerating the particles using C-CUDA," in IEEE


https://www.top500.org/lists/2019/11/
https://www.techpowerup.com/gpu-specs/
http://www.swarmintelligence.org/tutorials.php

VY S Sekish 6 2 CUDA Sl sslinal b b plorl (5loaner o255 350t Sl (0

[40]

[41]

[42]

[43]

[44]

[45]

[46]

[47]

[48]

[49]

[50]

[51]

[52]

Congress on Evolutionary Computation, 2009.

Chang Y. L. and Fang J. P., "Band selection for
hyperspectral images based on parallel particle
swarm optimization schemes”, in IEEE International
Geoscience and Remote Sensing Symposium, 2009.

Zhu W. and Curry J., "Particle swarm with graphics
hardware acceleration and local pattern search on
bound constrained problems”, in IEEE Swarm
Intelligence Symposium, 2009.

Bastos-Filho C. J., Oliveira M. A., Nascimento D. N.
and Ramos A. D., "Impact of the random number
generator quality on particle swarm optimization
algorithm running on graphic processor units", in
10th IEEE International Conference on Hybrid
Intelligent Systems (HIS), 2010.

Jambhlekar P. A., Mishra M. and Subramaniam S. V.,
"Parallel implementation of MOPSO on GPU using
OpenCL and CUDA", in 18th IEEE International
Conference on High Performance Computing (HiPC),
2011.

Miguel C. M., Miguel A., Rodrguez-Vazquez J. J. and
Antonio G. I, "Accelerating particle swarm
algorithm with GPGPU", in IEEE 19th International
Euromicro Conference on Parallel, Distributed and
Network Based Processing, 2011.

Zhu H. and Guo Y., "Paralleling Euclidean particle
swarm optimization in CUDA", in 4th International
Conference on Intelligent Networks and Intelligent
Systems, 2011.

Wenna L. and Zhenyu Z., "A CUDA-based multi
channel particle swarm algorithm”, in 4th
International Conference on Control, Automation and
Systems Engineering, 2011.

Platos J., Snasel V., Jezowicz T., Kromerand P. and
Abraham A., "A PSO-based document classification
algorithm accelerated by the CUDA platform”, in
IEEE International Conference on Systems,Man and
Cybernetics, 2012.

Zhang B., Zheng H., Wei M., Wu R. and Sheng X.,
"Particle swarm optimization of frequency selective
surface"”, in IEEE International Conference on Cross
Strait Quad- Regional Radio Science and Wireless
Technology, 2012.

Sharma B., Thulasiram R. K. and Thulasiraman P.,
"Portfolio management using particle swarm
optimization on GPU", in 10th IEEE International
Symposium on Parallel and Distributed Processing
with Applications, 2012.

Calazan R. D. M., Nedjah N. and Mourelle L. D. M.,
"A Cooperative Parallel Particle Swarm Optimization
for High-Dimension Problems on GPUs," in IEEE
Computational Intelligence and 11th Brazilian
Congress on Computational Intelligence (BRICS-CCI
&CBIC), 2013.

Cataveral I. and Rubio F., Dealing with Swarm
Intelligence on GPUs, IEEE International Conference
on Systems, Man and Cybernetics (SMC), 2019.

Tan Y. and Ding K., A Survey on GPU-Based
Implementation of Swarm Intelligence Algorithms,
IEEE Transactions on Cybernetics, 46(9), pp.2028-

(53]

[54]

[55]

[56]

[57]

[58]

2041, 2016.

Woolley C.,
NVIDIA, 2013.

Tan Y., GPU-based Parallel Implementation of
Swarm Intelligence Algorithms, Morgan Kaufmann,
2016.

Docs.nvidia.com, PTX ISA CUDA Toolkit
Documentation. [online] Available at:
http://docs.nvidia.com/cuda/parallel-thread-
execution/index.html

Molga M. and Smutnicki C., "Test functions for
optimization needs In Using anEvolutionary
Heuristics for Solving the Outdoor Advertising
Optimization  Problem”, Journal of Computer
Sciences and Applications, 2005.

Shi Y., "Swarm Intelligence", [Online]. Available at:
<http://www.swarmintelligence.org/codes.php>

"Benchmarks / Tech", notebookcheck, 26 05 2012.
[Online]. Available:
<https://www.notebookcheck.net/Intel-Core-i3-
2330M-Notebook-Processor.52200.0.html>.

GPU Optimization Fundamentals,


http://docs.nvidia.com/cuda/parallel-thread-execution/index.html
http://docs.nvidia.com/cuda/parallel-thread-execution/index.html
http://www.swarmintelligence.org/codes.php
https://www.notebookcheck.net/Intel-Core-i3-2330M-Notebook-Processor.52200.0.html
https://www.notebookcheck.net/Intel-Core-i3-2330M-Notebook-Processor.52200.0.html



