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Gauss-Seidel is an iterative solver for the system of equations. The Gauss-Seidel
is widely used in many scientific fields e.g. mathematics, physics, and image processing in
computer science. These applications usually have very large number of equations which
requires computational and memory cost. The parallel processing is a technique for reducing
overall computational time. The graphic processing units (GPU) are the devices that can be
used for the parallel computation. With affordable price and widely used in generic computing,
this research applies the GPUs to accelerate the computation.

In this dissertation, the author designs and develops the parallel Gauss-Seidel
algorithm for GPUs for solving PDE equations. The proposed algorithms aim to reduce the
synchronization cost within the iteration and the waiting time for each thread. The author
tested the proposed algorithm with Poisson’s equation and found that the proposed
algorithms can achieve the speedup up to 26.88 times faster than the sequential computation
on the central processing unit (CPU).

Additionally, the author also applies the proposed Gauss-Seidel to other
applications: the image and image sequence denoising, ultrasound image denoising,
microorganism image from scanning electron microscope. Each application has its specific
characteristics and requirements. The proposed methods and strategies implement on the
different type of processors, utilize the computation resources efficiently, and are suitable with
each application.
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o mmmuﬁ’ﬁmﬂmu”lmﬂﬂﬁnmi (2.18)

min {J (u) = D" (u) + TV (u)} (2.18)
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DR () =— j (u—1z)>dQ (2.19)
2 Q
mumauﬁ”ﬂmmmmzﬁmaﬁaga (Data Fitting Term)

TV (u) = j |V [dQ (2.20)
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Taame (Pseudocode) 1daail

[y a d 4
9ane3NN 1 : IMF-IBAAIVVIADULIUHTNMI510IA0Y (QL-SWGS)

Require: u, MAXGS, maxrow, maxstep, windowsize, blocksize, total thread
1: tid = getThreadlD()
2: while lastthreadstartrow < maxrow and k < MAXGS do

3:  for substep = 1 to maxstep do

4: startrow = (blocksize x (substep — 1)) — (blocksize + tid x windowsize)
5: endrow = startrow + windowsize

6: for i = startrow to endrow do

7: for j = 0 to maxcol do

8: if i =0 then

9: compute Equation (3.3) for (”),;j

10: end if

11:  if (tid == total_thread-1) then lastthreadstartrow = startrow

12: syncthread()
13: end for

14: syncthread()
15: end for

16: end for

17: k=k+1

18: end while

19: return u
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Taof u WuTlamuveslaynl getThreadID() WuWeansunAumIMIgUEIAT1U MAXGS
I a d o o o aol I
WumsilnesfmuaiuIuseUgIgaueIMIs¥ia blocksize Wz windowsize ADYUIAUADN

LAZUIUNTIIAN SWGS MWERY, lastthreadstartrow ADRMUWUINITUTINIUYDUTIATATO
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SanNeINN 2 : IMF-IBAAVADUINUHTNMIADINIG (TSWGS)

Require: u, MAXGS, maxrow, maxstep, windowsize, blocksize, maxcol
1: tid = getThreadID()
2: while lastthreadstartrow < maxrow and k < MAXGS do

3:  for substep = 1 to maxstep do

4: //get position for thread

5: window_id = floor(tid / windowsize)

6: window _thread_id = (tid mod windowsize)

7: window_currentrow = (blocksize x (substep—1))-(blocksize + tid x windowsize)
8: i = window_currentrow + window_thread_id

9: for j = 0 and window_thread_id < maxcol do

10: if (tid == total thread-1) then lastthreadstartrow = window_currentrow+window_thread_id
11: if i =0 then

12: compute Equation (3.3) for (u),.yj

13: end if

14: syncthread()

15: end for

16: syncthread()
17:  end for

18:  syncthread()
19: end while

20: return u

Y Yy 9 o 44 2 A = 93 v 9
10 IAANeNY19aY AwlsNANIUINAD maxcol WQi%LﬂUWNTﬂLﬁﬂJﬂ@ﬁNHQﬂVﬂfJ"UfJ\‘]TﬂLllLl,
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10:
11:
12:
13:

14:
15:
16:
17:

18:
19:
20:
21:

22:
23:
24:
25:
26:
27:
28:
29:

: declare Iteration Matrix(N, N), Max_Iteration, U(N,N), Mark_As Read(T)

declare STATE, Residue_Error, I, J, Max_Row
set Max_Error = 107"

set STATE=Waiting State

set ThreadID = GET_THREAD_ID()

set Max_Row = N

start computation */

: while NOT DONE do

STATE 1 : WAITING STATE
if STATE=Waiting State then

(I, J) = FIND_ASSIGNED_JOB(ThreadID)
if FOUND (I,J) then

set STATE=Working State

endif

STATE 2 : WORKING STATE
if STATE= Working State then
READ ADJACENT CELLS OF U (I-1, J), (I+1, 3J), (I, J+1), (I, 3-1)

SET Mark_As_Read (THREADID) where THREADIDs are  threads working on
(I'l: J), (I+1: J), (I: J+1): (I: J'l)

RESULT = COMPUTE_GS() using Eq. (3.3)
Iteration_Matrix(I, 1) = Iteration Matrix(I, J) + 1
set STATE=Validation State

endif

STATE 3 : VALIDATION STATE
if STATE=Validation State then
if I=N and J=1 then /* first cell of computation */
update U(I, J) = [Compute Equation (3.3)]
set STATE=Shifting State
continue /* back to top of the Loop */
endif

if (I=N OR J=1) AND Mark_As_Read(THREADID) >=1 then



30:
31:
32:
33:
34:
35:
36:
37:
38:
39:

40:
41:
42:
43:
44:
45:
46:
47:
48:
49:
50:
51:
52:
53:
54:
55:
56:
57:
58:
59:
60:
61:
62:
61:
62:
63:

update U(I, J) = RESULT
set STATE= Shifting State
continue

endif

if Mark_As_Read(ThreadID)>=2 then
update U(I, J) = RESULT
set STATE= Shifting State
continue

endif

endif

STATE 4 : SHIFTING STATE
if STATE=Shifting State then
if J=N then /* Last column */
set STATE=Waiting State
continue
endif
if Iteration Matrix(I, J+1) >= Max_Iteration
set STATE=Waiting State
continue

endif

while (Iteration Matrix(I1,J+1) < Iteration Matrix(I, J)) do

DO NOTHING
if J=1 then

if I=Max_Row then
ADD_JOB(FIND_FREE_THREAD(), I, 3J)
ADD_JOB(FIND_FREE_THREAD(), I-1, J)
Max_Row = Max_Row - 1
else

ADD_JOB(FIND_FREE_THREAD(), I-1, 3J)
endif

J = J+1
set STATE=Working State
continue

endif

/* compute residue error using max_error here if need */

endwhile
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