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Parallelization of a grid-to-grid routing algorithm based
on grids layering
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Abstract; Grid-to-grid routing algorithms for distributed hydrological modeling require large amount of computations which cannot be provided
by sequential computation techniques. Parallel programming technology is necessary for large-scale and long-period simulations using grid-to-grid
routing algorithms. There is currently little research on the parallelization of implicit finite difference based routing algorithms. A parallel implicit
finite difference based grid-to-grid routing algorithm was presented, based on grids layering. In this algorithm, grids in the watershed were divided
into different layers according to flow direction. The calculations of grids in a downstream layer cannot be performed until its upstream layers’
calculations were completed. The calculations of grids in the same layer are independent of each other, thus can be performed in parallel. So the
parallelization strategy is to assign the calculation tasks of grids in the same layer to different CPU-cores to perform parallel computing. The
algorithm was implemented by using the C ++ programing language and the Open Multi-processing ( OpenMP) Application Programming Interface
(API) and was tested in the Qingshuihe watershed of Hebei Province under different amount of input data. The result shows that this parallel
algorithm had good speedup and parallel efficiency. In addition, the case study showed that the parallel efficiencies were higher for simulations with
large datasets than with small datasets and the up-down layering method had better performances than the down-up layering method.

Key words: grid-to-grid routing; implicit finite difference; grids layering; parallel computing; OpenMP
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Fig. 1  Grid slope with two types of flow direction
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(b) The set of grid layers using the up-down method
(¢) The set of grid layers using the down-up method
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Fig.3 Storage of raster data in memory

XTI 2 A5 B AR SOR S K 48
friCnE 4) B g —A7 X R — s =, B
FTEE — IR Z S X H (T 4 R
C.) , ZJa WICEAF A2 I A0 S bk £ — 450
IR GS (B4 ) o fERE TG =
JHERROL T, Z20a T RE B RS 73 207
SEARNR], BT LI F— AN s 23 207 6 R it
W A SCRMIAS 7327 S A i A KL
i, LA s AT I A AT Ay 2 A

Cl i11 b
Cz by iu s a
C: 24 E
c i
. " i MR AR5

B4 ANAETWE s 2 G B =

Fig.4 Storage of grid layer information in memory

(4) F£T OpenMP [IFAT5L

OpenMP J& SRt s (N AE R Y B i) Lol b
W, 32 FF C/C++ Fil Fortran 4 215 5. & Kk H
fork-join [ FFATHLEC, —1> OpenMP F2J37 UEAAS 2
LAETFRIAT, Y BB R I T IR, F 47
BRI IMORBRA L — DR HATHIT. I



- 126 -

(FE TR SR S AN S

5535 &

T IR R R LR 2l rp I R ARG A5 1, B AR
AP R RARR AR BA I AT KUK B, AR R X Sh 2k
Fex G (Join) B —j2 , AREE AT EL AL, HEEF)
T HAT IR P4 o R A R O 2
AR T LR AR IR BR AT AR B AR AR U/
TIFAT IR AR BXERE

OpenMP i i 4 7% 4§ & X IF 47 3 58 #E 47
R, A F ] OpenMP [ parallel for 15 7] 43
J2 G ]2 N A 23 B 3 2 A AR BEA T IR T
Ao AT BT LA EOR F omp _set _num _
threads PRI T E

2 XWE5ERSH

2.1 EXHRX

BEFEI AU AT AT e A Ry S 56 X SR I 7
BIE A . I T AR & 1140467 ~
115°30", b4 40°47" ~41°17", WG] ek 7 7
Wi VAN 2300km’  J& T2 TR MIX, 4EY
KK f2 480mm , [ 7K B (8] 43 A AN 5], Horp 6 ~ 9
A K A4 B K E 1 80% LI
2.2 FITITESXR

AR L BTS2 X 30m  90m il 270m = Fif
ANF PR B R 4R, o 90m il 270m 3 48
R AE A 30m , B 45 38 i TR AE 15 5. 30m
90m Fl 270m = FPEHE 4 A 5 B A% 25 3 51
2 381 602, 268 860 Fl129 850, Mit& 43254y | H
2 875 971 F1 308 ( A [A] 43 )2 J7 i W 2 EAH TR ) o

A SR =B B AR AR 3 2 05 2 T X 75
AT T 2 A R K A Dk S BT R
100 AF BT, 2 T RS A S EO R
A

FRBAT I RE IR N LA 4 B Intel Xeon
E7450 SSAZALFEAE (3 24 %) F1 32G INFERI AR 55
s WA A B2 h Windows Server 2008 #:4F & 4t .
VC++ 2010 4% fil OpenMP 2. 0 Jf-17 4 B2 J4
VC ++ (1 g 75 g U0 Ak e 155 e R AL B2 (/02) 3%
T, TR 6 B A DB 24 A4S, A3
FITELRFRECH 2 ~20 W& O T ia 47 e i 3147
S DA R AZBORS OL T /Y FF 47 ) 18] 9% 5 Hf AT
LAY L

SRS bR 32 B O L IR TR
I LA B AT R AT S ] 5 A7 AR AU T e )
M AR, HEATROCR IS N e 5 2 51 B B0
FefE

2.3 ZHRESH

TEANFEIHS 20205 3 AN RSSO R 5
LIRS RANE S Frs . e g, s L bl
A IsE . SZ SRR, %
T EA B R IR, GIAnS 8 2 ),
FHATRCRAE 0. 89 ~ 1. 05 KN 4 I, FFATRCRAE
0.77 ~0.94, XERWNAIFATH ILAEMS 7870 F H 4
A S i AT AR e T BER AR
(RN, A5S8R4T 2R A PTG, X
AR B A AR B R TR R

el ra 27Om57\}?;7j‘}£1 ;
18 | oac ke 270mA} BT B2

o—6 0mAMETT
| o S0msEIB2
14 |00 30m4p R 7 1
| = -= 30m4 k2

Jinik

IATROE

10
09|
08|
07|
06|
Y
04 ko

03}
02}

01}

6 2 4 6 § 10 12 17 16 15 2
34
(a)

&5

10 12 14 16 18 2

34

(b)

AN [) S 2 I FE R A TR BEAZ RO AL 5 B

(EGIR o 207 LI B R R T5E , 207 2 38 T B BRI Tk

Fig.5 Change of speedup and parallelization efficiency with the number of cores under different experimental conditions
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