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Patch creator funetion, based on K-Nearest Neighbors algorithm

from numba import cuda
import numpy as np

@cuda.jit ('float32 (float32,float32,float32;float32)"',device=True)
def distance(x1l, yl1l, x2, y2):
return ((x1 - x2)**2 + (yl - y2)**2)**0.5

@cuda.jit ('void(float32[:],float32[:],float32(:]1,fLoat32[:],float32[:,:]1)")
def distance matrix(xl, yl, x2, y2, result):
i, j = cuda.grid(2)
if i < result.shape[0] and j < result.shape[l]:
result[i, j] = distance(x1[i], y1[il, x2[gls v2[3T)

a5 Hybrid Sorting oo ,s50 SeS L1y e pile ol 51 Shaw 50 .0l oo oo ag laalold 5lom lo cal> o cpl (LU o
Olgieas Jlaw ;o 515 K Gl b s 9 00,5 i 0 <l Merge Sort AlgorithmegQuick Sort/Algorithm ;1 s 5
dod.))‘b).: 33 CUPy d..:L?uLS k_i.o.s l) M])ﬁ w‘ M&d J.,.im.: ‘) 41..&5 s).’a.“: UT uLo.” LY .]ay).o di.as ‘5»; blas 6[&&&‘
2R3 plinl aige Bygots (SIS
oiln osliinl glray (g B3l 288 Gl gl Al pe nl 5o ey (oo (oo (B3l 4 Cag dtlog Ll eSS 5l o
oo a3 )0 098 o ooliiul dlog o] jogase caslio 43,0 b dlog 2 g9, p» slabezaiz (o5lp Jhaol as8 L slalosais
ot 09> JBax o bax o e j0 lh ads Jlaae bead il bla glas Sla e jyiome jlaie aglae eluhg alog ;o
Sl conlie a0 flaicas 8 a0 wols b5l (ies 5 6,5 sl gl s Dl e jadome Slade (iol38l Gjge 0088 5 8
2,5 abais S 5,051 5l o bt adlogags polie g o ooliiwl ax 0 ol bl 5 Sles glalezoiz s 555 o
0208 a5l ledl SO IS polgh SeS a4l jle)S e 0 olrals polie om0 ] s 4 @208 4l &S



Sloslre ol ol 33,5518 0308 a5 51 Ll 0T 55 sy aSd 51 55 0,5 a5 el Sl e lodl ol s slys dpslins
2y oo planl SIS 5 sleonisl (59, 00l s Dy
980 e ) S 4 Mlee Gl Slewlors gz 4SS 4 ol 4SSl el e Jlil sl
O 5o 4 BT a5 0208 350 51 Slall (s 5 w8 aSed 50 waz A 5l eme 05 o (S (g pastie ()
ol 43 5,15 L
tJSb b i ple JSas (F
SIS ,5e 0,5 0 olals Jads Gloslbxe (F
o el aadls (215 o el 2 40,8 (o0 D)ge § Jgaz o sl illae Sl pite Ui 51 gl i
oS Sl 0l By (SIS0 0 595 2 At 2T ln e LSS S8 pelas gty b (e (4,0 (slabai 45T WS e
Jooz )2 &b (nl Sldiziesd o) p 8 &b Glaglll des (69, 2 0)bSy ©jg0a jyadell > wuzr &S0 (2 5 LI dea

el o0 &8l ¥

Elin 490 aalli aukid Y Jous
Test if a point is inside a triangle

@cuda.jit ('int32 (float64, floatecd,float64, float6d, float6d, \
floato4d, floato4d, floate4d)',device=True)

def checker(x a,y a,x b,yb,x ¢,y ¢,0 x,0 y):
telerance=le-12

if ((x_ b-x a)*(0_y-y a)-(y b-y a)*{(0 x-x a) <= telerance and

(x_c=-x_b)*(0_y-y b)-(y_c-y b)*(0fxsx b) <= telerance and

(x_a-x ¢)* (0 _y-y c)-(y a-y c)A(0 x-x c) <= telerance) or\

((x_b-x_a)*(0_y-y a)-(y_b-y a)*(0_x-x_a)s>= -telerance and

(x_c-x b)*(0_y-y b)-(y _c-y b)*(Qx=x b) >= -telerance and

(x_a-x ¢c)*(0_y-y c)-(y _a-y c)*(0_x-xlc) >= -telerance):
return 1

else:

return -1
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Creating shape functions for Co triangle element

@cuda.jit ('float64 (float64d,float64d,float6d, float6d, \
floato4d, floatod, floatod, floatod)',device=True)
def calculator NI1(x1l,yl,x2,y2,x3,y3,x A,y A):
return (x2*y3-y2*x3-x A*y3+x A*y2+y A*x3-y A*x2)/\
(x2*y3-y2*x3-x1*y3+x1*y2+yl*x3-y1*x2)

@cuda.jit ('float64 (float64d,float64,float6d, float6d,\
floato4d, floato4d, floato4d, floato6d)',device=True)
def calculator N2(x1,yl,x2,y2,x3,y3,x A,y A):
return (x A*y3-y A*x3-xl*y3+xl*y A+yl*x3-yl*x A)/\
(x2*y3-y2*x3-x1*y3+x1*y2+yl1*x3-y1*x2)

AR




@cuda.jit ('float64 (floate64d,float64d,floated, float6d,\
floatod,float64,floatod, float6d)',device=True)
def,calculator N3(x1l,yl,x2,y2,x3,y3,x A,y A):
return (x2*y A-y2*x A-xl*y A+xl*y2+yl*x A-yl*x2)/\
(x2*y3-y2*x3-x1*y3+x1*y2+yl*x3-y1*x2)
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The geometry and boundary conditions for punch test
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Relative errors during mesh refinement

S3boiny Sl e sl e i | e Gl ke (Sl | (e sllaS Liae Sl
FRARII IRRIAR 72 A ZARYA v/vaxy.
Jgl al> e AFIYY. VWYY VoY Xy
pgs al> 1o \AYERY e VeAXY T
Py 4> o ZIARY \kg/ VIVAXY T

50 Joaz plojee Sl alaidl rals ol & jgods Al (i Hkas s Uas 3llas, olie oS> aSians oo Lis £ Joux

(s Slas S50 a8 sl 58 BB R go Cews &y aels o o] @i (s 5 (oo 5 e gl 1 s sl £ s

oz iion Cawl 009y 5L 0 50 ol bl slaws pals o1 o a5 ol oo ol Jotaels aieS bolas, o adlge i o
ol 0091 0S5 A yao 4 Soo 3 dlae!l pands 5l AU STV ol o s

A5 iy 5 6150 Bl slollas g

Absolute errors during mesh refinement
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First refined mesh
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Initial mesh in punch test
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Third refined mesh

NV % PIN N7

g

AN

v 50 o
v "AYAY Y '
e oAl DA q”
i' 3&; SR ” e

5 5
RO o XX
I RN

A
RE w&-&«a&‘%;v%pi |
ARRKIRPERK K RNSNA
W avavaV avavy
OSSR v I&

LR

Second refined mesh
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displacement(um)
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Displacement in 1% refinement
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Displacement in 3 refinement Displacement in 2™ refinement
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! Plastic limited load
2 Method of limited analysis
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Force-Displacement diagram for all models in punch test
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Elapsed time using CPU and GPU
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Comparing the elapsed time on*CPU and GPU
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Two-Dimensional Adaptive Finite Element Using
GPGPU

A. H.Khatami?, S. Asil Gharebaghi ™!

ICivil Engineering Faculty, K. N. Toosi University of Technology

ABSTRACT
The discretization error is one of the most common errors in the finite element method. One way to reduce this

error is by using adaptive methods. Adaptive methods generally involve a large computational load; a technique
for reducing this load is the use of data transfer operators. Even with data transfer operators, adaptive methods
still require significant time from users. Given the new capabilities provided by graphics processing units (GPUs)
for general-purpose computingsunder the CUDA platform, and the economic efficiency of GPUs compared to
standard processors, this paperaims to presentan algorithm that can reduce computation time through general-
purpose GPU processing. The propesed algorithm begins with an initial finite element analysis using a nearly
uniform mesh and refines the mesh, intelligently at each step based on the displacement gradient. The
conventional algorithm has been improved at several points. The patch formation stage is implemented using the
K-nearest neighbor method to facilitate more efficient parallelization. In the data transfer stage, a dynamic
method is employed to select the optimal curve froma set of thetbest curves. The results show that the acceleration
of this algorithm increases proportionally with the number of elements. For instance, for a problem with 908
elements, the processing speed for stages one through three increased by factors of 6.6, 9.1, and 12.7, respectively.
The total time required for all three stages in serial processing.was 96 seconds, which was reduced to 8 seconds
using this algorithm.
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