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General Purpose Graphics Processing Unite (GPGPU) allows the user to utilize GPU for general 
computing purposes. Using these processors can cause a great speedup in numerical calculations. 
Several studies have been performed to investigate the advantages of using the GPGPU in numerical 
calculations including solving tridiagonal set of equations. The main focus of the mentioned studies was 
on improving parallel methods, for example, CR and PCR algorithms. Although these algorithms are 
consistent with GPU architecture, they have higher arithmetic complexity compared with serial Thomas 
algorithm, they also have limitations in dimensions of the equations’ set. Therefore, in the present study, 
according to the advantages of Thomas algorithm compared with the parallel algorithms, a novel 
method entitled checkerboard Thomas has been developed to accommodate Thomas algorithm for 
running on GPU. This method has been used for solving 2D steady heat conduction problem and the 
results show an increase in the solution precision compared to Thomas and PCR algorithms. Also, the 
results indicate that the new algorithm can cause  computing to increase in speedup between 5.7 to 
22.2x, compared with Thomas algorithm. Furthermore, results show that the new method is about 2x 
faster than PCR algorithm. It has also been seen that speed decrement for uncoalesced access to global 
memory is 42.7%  minimum and 81.9%  maximum for 128×128  and 1024×1024  grid size, 
respectively. 
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Fig. 1 GPU architecture 
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Fig. 2  Heterogeneous computing by CPU and GPU 
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Fig.  3 Solution steps for a 8-unknown set of equations by CR 
algorithm 
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Fig.4 solution steps for a 8-unknown set of equations by PCR 
algorithm 
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1     
Table  comparison of conventional algorithms for solving 
thridiagonal system of equations 
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Fig.5 Two different iterative methods for solving a set of 
equations by Thomas algorithm 
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Fig.6 Grid and boundary conditions for the present  heat 
conduction problem 
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Fig.7 D arrays storage arrangement in 1D arrays 
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present research 
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Fig.8 Solving differential equation implicitly in x and y direction by ADI solver 
8 X Y ADI

 

Fig.9 temperature at the center of the solution domain VS iteration number for Thomas, PCR and CH-Thomas (Gridsize:512×512) 
9 PCR   : )512×512( 

 

Fig. 10 Residual VS iteration number for Thomas, PCR and CH-Thomas (Gridsize:512×512)    
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Fig. 11 Speed up for PCR and CH-Thomas (with respect to Thomas algorithm)     
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Fig. 12 Speed decrement caused by uncoalesced global memory 
access  (nop=8) 

12   
)nop=8(  

  ( ) 
PCR  . 

PCR  nop 
  .  

PCR   .

nop  . 
nop  .

 128×128 nop=16  
1024×1024 nop=4  .

ADI 
  .

  . 
128×128 5.7 

 .
1024×1024 

22.2  .

42.7

62.5
69.0

81.9

0.0
10.0
20.0
30.0
40.0
50.0
60.0
70.0
80.0
90.0

100.0

× × × ×

Sp
ee

d 
de

cr
em

en
t (

%
)

Grid size

 [
 D

O
R

: 2
0.

10
01

.1
.1

02
75

94
0.

13
95

.1
6.

2.
15

.0
 ]

 
 [

 D
ow

nl
oa

de
d 

fr
om

 m
m

e.
m

od
ar

es
.a

c.
ir

 o
n 

20
24

-0
9-

21
 ]

 

                             9 / 10

https://dorl.net/dor/20.1001.1.10275940.1395.16.2.15.0
https://mme.modares.ac.ir/article-15-3532-en.html


    

        

  

318  1395162  

2 PCR   .
  .

  
  .
 .nop=8  

42.7  128×128  
1024×1024 81.9 

  . 
 

nop   

ADI  .PCR 
  

  .
nop 

 
  

-8   

  

9 -   
]1[ P. Du, R. Weber, P. Luszczek, S. Tomov, G. Peterson, J. Dongarra, 

From CUDA to OpenCL: Towards a performance-portable solution 
for multi-platform GPU programming, Parallel Computing, Vol. 
38, No. 8, pp. 391-407, 2012.  

]2[ S. Sengupta, M. Harris, Y. Zhang, J. D. Owens, Scan primitives for 
GPU computing, Proceedings of the 22nd ACM 
SIGGRAPH/EUROGRAPHICS symposium on Graphics hardware, 
San Diego, California, 2007. 

]3[ N. Sakharnykh, Tridiagonal solvers on the GPU and applications to 
fluid simulation, NVIDIA GPU Technology Conference,  San Jose, 
California, USA, 2009. 

]4[  Y.  Zhang,  J.  Cohen,  J.  D.  Owens,  Fast  tridiagonal  solvers  on  the  
GPU, ACM Sigplan Notices, Vol. 45, No. 5, pp. 127-136, 2010 . 

]5[ D. Göddeke, R. Strzodka, Cyclic reduction tridiagonal solvers on 
GPUs applied to mixed-precision multigrid, IEEE Transactions on 
Parallel and Distributed Systems, Vol. 22, No. 1, pp. 22-32, 2011. 

]6[ A. Davidson, J. D. Owens, Register packing for cyclic reduction: a 
case study, Proceedings of the fourth workshop on general purpose 
processing on graphics processing units, Newport Beach, 
California, USA, 2011.  

]7[ N. Sakharnykh, Efficient tridiagonal solvers for ADI methods and 
fluid simulation, NVIDIA GPU Technology Conference,  San Jose, 
California, USA, 2010. 

]8[ Daniel Egloff, Pricing financial derivatives with high performance 
finite difference solvers on GPUs, Wen-mei W. Hwu (Eds.), GPU 
Computing Gems Jade Edition, Burlington: Morgan Kaufmann, 
2011. 

]9[ Yao Zhang, Jonathan Cohen, Andrew A. Davidson, and John D. 
Owens, A Hybrid Method for Solving Tridiagonal Systems on the 
GPU, Wen-mei W. Hwu (Eds.), GPU Computing Gems Jade 
Edition, Burlington: Morgan Kaufmann, 2011. 

]10[ Z. Wei, B. Jang, Y. Zhang, Y. Jia, Parallelizing alternating 
direction implicit solver on GPUs, Procedia Computer Science, 
Vol. 18, pp. 389-398, 2013.  

]11[ H.-S. Kim, S. Wu, L.-w. Chang, W.-m. W. Hwu ,A scalable 
tridiagonal solver for gpus, International Conference on Parallel 
Processing (ICPP), Taipei, Taiwan, 2011. 

]12[ V. Esfahanian, H. M. Darian, S. I. Gohari, Assessment of WENO 
schemes for numerical simulation of some hyperbolic equations 
using GPU, Computers & Fluids, Vol. 80, pp. 260-268, 2013. 

]13[ V. Esfahanian, B. Baghapour, M. Torabzadeh, H. Chizari, An 
efficient GPU implementation of cyclic reduction solver for high-
order compressible viscous flow simulations, Computers & Fluids, 
Vol. 92, pp. 160-171, 2014. 

]14[ H. M. Darian ,V. Esfahanian, Assessment of WENO schemes for 
multi-dimensional Euler equations using GPU, International 
Journal for Numerical Methods in Fluids, Vol. 76, No. 12, pp. 961-
981, 2014 . 

]15[ J. V. Beck, N. Wright, A. Haji-Sheikh, K. D. Cole, D. Amos, 
Conduction in rectangular plates with boundary temperatures 
specified, Heat Mass Transfer, Vol. 51, pp. 4676-4690, 2008.  

  
  

  
  

dop

 )  
dx  )m(  
dy  )m(  

  
  

 )(  
  

nop 
)  

m   
T) (  

  
  

X )  

)   

   )m(  

   )m(  

 [
 D

O
R

: 2
0.

10
01

.1
.1

02
75

94
0.

13
95

.1
6.

2.
15

.0
 ]

 
 [

 D
ow

nl
oa

de
d 

fr
om

 m
m

e.
m

od
ar

es
.a

c.
ir

 o
n 

20
24

-0
9-

21
 ]

 

Powered by TCPDF (www.tcpdf.org)

                            10 / 10

https://dorl.net/dor/20.1001.1.10275940.1395.16.2.15.0
https://mme.modares.ac.ir/article-15-3532-en.html
http://www.tcpdf.org

