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Implementation and Experiments of Sparse Matrix Data Structure

for Heat Conduction Equations

Jae-Gu Kim", Ju-Hee Lee™, Geun-Duk Park***

Abstract

The heat conduction equation, a type of a Poisson equation which can be applied in various areas

of engineering is calculating its value with the iteration method in general. The equation which had

difference discretization of the heat conduction equation is the simultaneous equation, and each line

has the characteristic of expressing in sparse matrix of the equivalent number of none-zero elements

with neighboring grids.

In this paper, we propose a data structure for sparse matrix that can calculate the value faster

with less memory use calculate the heat conduction equation. To verify whether the proposed data

structure efficiently calculates the value compared to the other sparse matrix representations, we

apply the representative iteration method, CG (Conjugate Gradient), and presents experiment results

of time consumed to get values, calculation time of each step and relevant time consumption ratio,

and memory usage amount. The results of this experiment could be used to estimate main elements

of calculating the value of the general heat conduction equation, such as time consumed, the memory

usage amount.
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[I. Related Works

1. Heat conduction equation

dolut Al 59 A5, A AE fFEs] flskd]
AN IAFE ek HER s 9] o)) of ool Al ]
AAAAE o] g3to] NUA(LE), +5F

o WEsH 9o

Fig. 1. Control volume of unstructured cell with surfaces.
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2. Difference discretization
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3. Conjugate gradient (CG)
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Table 3. Pseudocode of Conjugate Gradient

ro=b—A4,,
Py =Tg
k=0
loop
TIZ‘TL",
o =—
plAp,

Ty =T T oDy,
Tpe1 =7~ Ap,
if r, . value is less than enough then end loop

T
3 — Th+1Tk+1
M — T

TeTh
Ppyr = Tpir THD
k=k+1

loop end
solution is x,




Implementation and Experiments of Sparse Matrix Data Structure for Heat Conduction Equations 69

4. Dictionary of keys (DOK)
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5. Compressed Sparse Row (CSR)
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Fig. 2. The structure of CSR

[1l. Data structure of Vector-Array

1. Data structure
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Fig. 37} o] F+A4 %t} STL(Standard Template Library)ol]
A Agske 7hide] g a2 Vectors AHEste] &
He] g 49 HolHE 4@ AA #H 84 g At P
o] 8§ F7IRHE9] Vector HiESE 7Hth

W ATz UL H)2sd, LILS Linked lists
Ts198 A == dEske 2RJEVE ashy vl
HE G2 Vector AART-2E AHSStER €9 7} a4 7t
S AFsed Zow ke et o A ® ok g F
7h, AHAIEE W CSRS B e 84 gho] gt 7l widel A
gEo] olo} Hote] A9 HA wjd] g WA o AN
e gk 7 a9l Vectore] #& W4t Heh

L)
0130 ToJH{1-1]23] vector
4 000 |0 Fq0-4
0O 2 3 1 1-2 2-3|3—1|
0010 121

Fig. 3. The structure of Vector-Array
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Table 5. Definition of Vector—Array class

typedef double elem_t;

class node_t{
public:
size_t mCol;
elem_t mElem;

node_t ( size_t col, elem_t data ){
mCol = col;
mElem = data;

I3
inline bool operator== ( size_t col ) const
{
return (mCol == col);
I3
}
2. Operation
2.1 Addition
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Fig. 4. Matrix addition
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Fig. 5. Matrix addition process

2.2 Multiplication
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Fig. 6. Matrix multiplication
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Fig. 7. Matrix multiplication process

2.3 Transposed Matrix multiplication
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Fig. 8. Transposed matrix multiplication
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Fig. 9. Transposed matrix multiplication
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V. Experiments

A= 7%9F Conjugate

Axr =5 83 9449
e ol S FaEe] ikl AR AZE E wEE] AL
|9S Aty 1 ARE AAGH o] o A A3 PC
= Table 3% o] F43F5itt

Table 6. Test Environment

CPU Intel i7-4500U 1.8GHz
RAM 8GB
0S ubuntu 14.04 LTS

1. Execution time for CG operations
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Table 7. Execution Time in CG

Matrix Size 100 100 1000 1000 5000 5000
Condition number 1.1942 318.5047 1.1975 5.2746E04 1.1978 2.311E04
Array 0.0004 0.0038 0.0159 5.5016 0.4154 734.217
CSR 0.0004 0.0095 0.0200 7.4739 0.4863 943.270
Vector—Array 0.0017 0.0344 0.0102 3.7474 0.0615 112.592
Map—Array 0.0351 0.2999 0.0721 26.170 0.3830 737.813
Table 8. Execution Time per lteration in CG.

Matrix Size 100 100 1000 1000 5000 5000
Condition number 1.1942 318.5047 1.1975 5.2746E04 1.1978 2.311E04
CG lteration 12 279 12 4878 13 26984

Array 3.69E-5 1.31E-5 0.00113 0.00093 0.00913 0.01172
CSR 3.82E-5 3.43E-5 0.00166 0.00153 0.03741 0.03495
Vector—Array 0.00014 0.00012 0.00085 0.00076 0.00473 0.00417
Map—Array 0.00292 0.00107 0.00601 0.00536 0.02946 0.02734
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2. Analysis of execution time
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Table 9. Operation Steps in CG

Order | Formula Numbgr of
operations

1 Ap=AXp NxN

2 ptval =p~ ' X Ap N

3 — roold 1

ptval

4.1 temp=pxa« N

4.2 T =x+temp N

5.1 temp= Ap X« N

5.2 r=r—temp N

6 rsNew=r"'xr N

7 sqrtval = v/rsNew 1

8 result =z 1

rsNew

9.1 temp =px Sold 1

9.2 p=r-+temp N

10 rSold = rs New 1
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Table 10. Memory usage in CG

Matrix Size 100 100 1000 1000
Condition number 1.1942 318.5047 1.1975 5.2746E04
Array 274KB 7.9MB 173MB 429MB
CSR 243KB 563KB 2.1MB 4MB
Vector—Array 350KB 1.34MB 4.9MB 9.52MB
Map—Array 515KB 2.1MB 9.27MB 18.5MB
Fig. 10~13& CG A4 29} 7t §5& 948 A7 g
Anrzd g 2z 58 Aelth Fig. 109 Arrayes . I .
19 o] 7 £ ul&E AXs Jom, B 2717} - =
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% 7} o) uge kbl fARc, T e e e
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Fig. 10. Ratio Graph of Execution Time
According to Operation Steps in CG using
Array

Fig. 11. Ratio Graph of Execution Time

According to Operation Steps in CG using CSR
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Fig. 12. Ratio Graph of Execution Time
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80%
0%
60%
50%
0%

0%
10%

086 -
100%100 1000%1000

i __——x
> —p— 10
——

——0.2
——9.1

-7
—H—52
51

—-—a2
—r—4.1

-1

5000%5000 1000010000

Fig. 13. Ratio Graph of Execution Time
According to Operation Steps in CG using
Map—Array

3. Memory usage for CG operations
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Fig. 14. The Graph of Memory Usage in CG
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V. Conclusions
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(Biconjugate gradient), PCG (preconditioned conjugate
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