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Fast Data Assimilation using Kernel Tridiagonal Sparse Matrix
for Performance Improvement of Air Quality Forecasting

Hyo Sik Bae',

ABSTRACT

Suk Hyun Yu”,

Hee Yong Kwon'™"

Data assimilation is an initializing method for air quality forecasting such as PM10. It is very important
to enhance the forecasting accuracy. Optimal interpolation is one of the data assimilation techniques.
It is very effective and widely used in air quality forecasting fields. The technique, however, requires
too much memory space and long execution time. It makes the PM10 air quality forecasting difficult
in real time. We propose a fast optimal interpolation data assimilation method for PM10 air quality

forecasting using a new Kkernel tridiagonal sparse matrix and CUDA massively parallel processing

architecture. Experimental results show the proposed method is 5~56 times faster than conventional

ones.
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Fig. 1. A schematic diagram integrated forecasting system,
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Fig. 2. Concept of Data Assimilation,
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Fig. 4. Distribution of PMyy before and after data assimilation in East Asia.
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Fig. 5. Some standard forms for sparse matrices, (a) Band diagonal; (b) block triangular; (c) block tridiagonal; (d)
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i = blockDim.x * blockldx.x + threadldx.x
j = blockDim.y * blockldx.y + threadldx.y

Ifi < mAndj < p Then
base_point < (i / col_size, i % col_size)
sum = 0
For k = 0ton
target_point < (k / col_size, k % col_size)
If distance between base_point and
target_point < L Then
sum = sum + Bkernel[L] * Bk, j]
End If
End For
C[i, j1 = sum
End If

Fig. 7. Parallel Processing using CUDA,
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Table 1. Memory Spaces and Operation Number Comparison between Serial and Parallel Processing with KTSM
for a Matrix Multiplication(k is a kernel operation memory, 5X5, and P is a pipelining steps in a GPU,

640 is a core number in GTX960)

Matrix Size Serial Processing Parallel Processing (CUDA)
210 x 210 2207 23[] , 6]€4:)<>2<10P
ol 5 old 928 912 k, :4;3:;
22[] x 22[] 2407 26[] k, 6k4>0< >2<20P

Table 2, Execution Time Comparison between Serial Ol and a Parallel Ol with KTSM

Forcasting Area Grid Interval Din?errliion B matrix ProSceersling Prljirezli?rllg
Metropolitan 3km 3K x 3K 9IM x OM 15sec less then lsec
Korean Peninsula 9km 4K x 4K 16M x 16M S6sec 1sec
East Asia 27km 17K x 17K 317M x 317M 111min 14sec 2min 22sec
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