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Abstract

In this paper, the parallel distributed rainfall runoff model(K-DRUM) using MPI(Message Passing Interface)
technique was developed to solve the problem of calculation time as it is one of the demerits of the distributed
model for performing physical and complicated numerical calculations for large scale watersheds. The K-DRUM
model which is based on GIS can simulate temporal and spatial distribution of surface flow and sub-surface flow
during flood period, and input parameters of ASCII format as pre-process can be extracted using ArcView. The
comparison studies were performed with various domain divisions in Namgang Dam watershed in case of typoon
'Ewiniar' at 2006. The numerical simulation using the cluster system was performed to check a parallelization
effectiveness increasing the domain divisions from 1 to 25. As a result, the computer memory size reduced and the
calculation time was decreased with increase of divided domains. And also, the tool was suggested in order to
decreasing the discharge error on each domain connections. The result shows that the calculation and communication
times in each domain have to repeats three times at each time steps in order to minimization of discharge error.
Keywords : Parallelization, MPI, K-DRUM, Namgang Dam watershed, GIS

1.4 & FEIS 7 S AL Ve Fo = Qs A

-9} A 2 EYEA ] FEE} BlAAS a1y

F GIS ¥ AF93E ol 8et Bk 9 Aol o) 0}0# FroFES AR & e BTk By
St JRHo] Haro] f-o gk st Mgk FEREF tisk &8do] SuiEa rkHEIE Y 3§
2 i AEe] o] ZhsebAl Hick wek 7 ), 2008a, 2008b, 2009b). 7|E0] wXEEH REHES

2010»4 102 11¢ H, 2010 119 62 A
K-water ‘@75 #He|oh E}Xo]'(sungyoung@kwater or.kr)
A3 - K-water AT A A9l A7 (park5103 @kwater.or.kr)
wex WA A2} - FAE] Y - K-water S| AE A4 AT (korcivil@hanmail.net)
wpak skl EE3-8ky)l W4 (ksjung@cnu.ac.kr)

21



2 Ao . upnls

WA mdel mlal] dAtRe] ol B2 AR} =
o] FashH, 53] FEARM LEGeHA o]
78t B 358 A o A W] W
ol ge A vlzelggol ST ANGFYA
2ol guiAom oo del wle] QT e
AT REHRPO) AEFAL M)A 250
Fgso] Aguloigton], thiolel Hgahs] s
= AR AP WA AR 483 FAT 9
Aol ARE Algle] ol 225l0] AF-48S of
A sk £9lo] slojghek e} A chy 4
A ol B /e AT 5 G T2
AR d Ah dabs] Jeisar 9lan, Aehs
g SU5E ARE 7Ho] mllg- vopr A W) e
A= HAlS Wk 9t FHole AAY S
(2010)°] WH} A2 WS ol 87 $EY
RES ThEste] 71]*“]7&% grHow dFATIE
T dERE
e ZLE Lehtar %lE‘r
B dAelAe “*%5}71 = Agste] EelFela
A FAALS ke BEX PR T3] shul
Arkie l'&r%ﬂ%: Eﬁéo}ﬂ flato] FARedS St
ARARES G714 o= dFstaat sl K
o] Wyl zeaey) o RE A fos 74]4 5s
9ol ARFE 7Nkow 555 HEete] HHst sk W
W, e WEst o U, 2RO £
(loop)®] AR ¥H3} sl ‘ﬂo”ﬂé A A s
'1‘5}1“ H2-S s} ok W Ee] S 5 vk A
23} 9F448(2000), Hur(2006)= Theksl o o3l
[E}—‘“—— a3t a3s HEste] ddqS 4ude] o
2kl Gl Ae7F Wi avpHols Holds
AT & =2ellAE AAl 92 AR &9l
AZE 7IRte® 555 JHEste] WEskele WS
Aesiele). =gk, WHst e adns $13F E(tool)
E+ PVM(Parallel Virtual Machine), OpenMP(Open
Multi-Processing), MPI(Message Passing Interface)
& oA Tzl v oEge] slov WHs)
aiAo] £2 ¥k MPI o] B2 (library)E Al
aaolct.

piliEies]

11
_(
_|
m

&=

B 7o) WY HEIXFPEFHK-DRUM;
K-water hydrologlc & hydraulic Distributed RUnoff
Model)& 285t WARFAS thdor W§Hs} 7
A FEslth MPIZ IS o83k Wdst Alhte] &
= FAsP] Slste] Gl dellx ALk Aol ok
o agder wdsto] Fauo) Al A H]
welglom, e Wiy Fhash o) uhe AN

H184 45t 20104 12J]

= s RIS T o oitstel| wje} Alkke )
& FHaslslr] flste] R3] wEARE 314 9 Q1A
Azt FASFE WA A HHE3ISE 4
33t
2. ¥¥ K-DRUM =3 7t
2.1 B¥4s} /¥
By Hold xgzlog Hwrgs ug 7HE

ZR2A|E] HolHE ’8} | $13f dlel’E $4],
FAlEe] BEAlsl= 1:11—}\1 S o]-g35fe] Fojely L hlo]
Y ) sow a4 AR o B 1y gl 7]
)\1—1:! 1:—11121 E ﬂm_ﬂa}. x]o:lil q.]/\]—i LH%.%]: _,—;q OH
AN mar o R g 7hssith  ATellx] HEsA
3] t o= =Y A olal Bdel FAALE s
D&* Artrg FAE sidsh] S8
Zot] gy A8A ARz 27
53laal Folr. st AkS flste] da
Sav HEZIAXN(EEZE7Rh ¥Es)
gy T3 Fas
TollAE K-water =] AIE ol A BF-31a1 9L
S ge] 2] A28 7L (CHAOS)E HFo=
ste] AREEIIT) o] Al2Ele 879 AFE ==
TAEe] e, 7F == 47)9] ZIEAA(CPU)
eAsle] & 32709 ZRAMNE BAskar kAl
28lo] SAAAR Linux S AF&sta Hdgto]Bnelg
MPICH1-& AF831H 7+ = Alolo)] SAl& 53l
Fe AREe] Jpseith Z47ke] EEAA=
GHz®] HF&EEE 7141 9191 2 G DDR2 &4]9]
32 7 HEHE Bistar vk 7k Al2Ele] digh
ARF 9 AL 7 13 g2tk

K-DRUM E&S BEst 3ddsly] $lgte] & A+

ol A= MPI &= A-&33lth MPI= XA dd v
2l9] ¥} AQEjuo] A~z 125 /o] Fr2aRER

(o]

l

[
of
td
ofk
39

o2
12
g
of
mlo

il

X @ Ao

U=
By
03:

Nv

ol
o
o,

[‘.‘EL

B og
W

My koo orr

s

¥ 1. CHAOS A]=Hle] ALk

Contents
AMD Opteron Quad OS8356 2.3
GHz
Computing node 8 (number)

Division

Processor

Node number

CPU core 32 (number)
Memory Server 2 G DDR2 PC2-5300
RegEcc 32 EA
Complier PGI 7.1-4
Parallel libraries MPICH 1.0
Operating system Linux




Me;s‘;ge

a9 1WA dE e

TAE = WY geolre e dig xEatefe]
Tk MPI= oF 4071 7]¥¢ke] Fefsh= MPL ol ¢
2=l 1o, 19921 MPI 1.0 A2t 2 &z MPI
20704 /R AelolH o]& MPIE wWEE WY T
o]B 22| 2+ Ohio supercomputer centeroll ] 7i-3h
Lam-MPI$} Argonne National Laboratoryol|A] 73k
MPICH”} %1t (Aoyama and Nakano, 1999). MPI&
Z2AA 2 HAA] s5 BEe] G Y BAAR
WS 28] oA Z=R Aejsfiof &1 wiZel
zgafgo] o] whdo] AT, R Wdsls
=3k Al 4 o] WEslel] wE ALtasS A=

€1, 2008c, 2009a)°]t}. FA 78 FEFAHY B

24w Frgel Axgs, 44

& o8l AR SH=EES

APFE A~BFY £HFEFS spoR §4sta,
[e) =

SAR, GISAE, NS o) deRte TEus)
Hhel Saol Mgl 271 AT, 9E4E

- ole
S %S

(Warm-up) T, 1831 & AL 9 S=EPAIZ
Hrok

K-DRUM =3&e] 324 WHs) 7He& 283 4
1 a7 w2 FHES f99AR E AR &
Aleltt. o] T wHAldAE A Axfoll i3l At ALt
<ol w2y ARPE A~CS sEdel tgk 47

genz 7= (Bl 7143 (@l warm-up B Main & Print
HRI= | FoHE a3 EST=4T TReEWA |
eASib > M8 » AT A | > go=m
o ABBU=ZHS —;—J
> X2 2= > B AL | > AT HA ]
XAFERIS :
» HAEM Y >CT HM | > BE HAt |
o E|MIYE
0o TEYUT > EINHLEY | > O J|:~_r| > CB AL |
0 EXIO|8E T e
OE%E "-r:--_ﬁ > I'._]._f—
o HLUAXAE _
AMELE
u“ 7“5*%% Kinematic wave [+ ] IIE%E?
o EX AL mﬁm@% o DN EY
A laye, pt A
o ESA S - - id o EYSFE
T Blages t"’ = i_ o gomme
L=t - -.!,. g Fws ° =
oEH clg _— o YOI
- N TEL=ET
oTSH eEETS

o UM Gk

3% 2. K-DRUM R2&9] 7|&+% 3 AREEE

TR ZE G TR Rk



24 449 -

=& |

WARM-UP -} Parallel Processing |
¥ ; ;
Main & Print [ ParallelProcessing |

¥ 3. K-DRUM R&e] HHsbr|y 24

Sh

=]
-

T 54 ARelA Akte] yHE
= —’F‘?H ARSI o =Rle] AL At
2 w7 di7IskAl HaL, ol ARF KT S
Artrzto] ARGl BlHsiA STk
—?_OJ | E‘U‘r 2 Agellxs 19 33} o] ZF Azpd
AL Aol e EdA 2 AL GARE
A GRS F3 HEst 7S A8ska, HEA s
Hel F9E& FAlel AVTsHA hem
SEAIZA

B3]
T~

do Lo
W
do o8t o0
18

o
)

l(matching boundary)
HE APdeity 299
O G9IARE Sk @ﬂwf-ﬁﬁi%ﬂ
godoz EAS B3 A B
LS rojodon Bt ]—EﬂEH(J})ﬂ—i
919} EA N oAl ik ol
7V 470eF AR 4R Bet d A &

1E 2L
ol

DX

o

°§

S Y ol 1Y

1o

ol
e

it

H184 45t 20104 12J]

01,
Q

| - A

agejor hRs} AR Ar)e SAsP Bk #
A 299 AR ANt gel 513, 97
AEe Qg gl FAOR e AnE olgs

o] RARLe] AAZHO R AMEA
W | 2ol 4] 77} /\Oﬂoﬂoﬂ !
e H5S =Z(node)E} H-& =
Fst ALks Fegstal g Xq-/] IRk ‘5——9
o] AHE A% A E]#Eﬂ
A o7 A JElA] ‘3%9){4_ AL
2Elo] AA|stA €t &

A==

1_1:21. E/\]_q /\sgﬁl— _?. %_oo]- o= %/g 2= j_";”j
3} o] s S ek B wpell gl

al
=5} BASES S

1 8 8
A
3 4
1 K
5 7 2
|:| Base node

|:| Neighboring nodes

a9 5. 0 wEIF B4l A

'No01| |Noo02 No|03 |
| |
| |
| |
i | l
| No/ 05 No|07 |
| |
| |
| |
) 1
| |
: i
| No{09| |Nojio No|11 |

[] Inner Calculation region
] Ciuter communication region

A% 2 FAAA



XY 29-FEEYK-DRUM)S HH3} a7 B4 25
F 2. WHEskE 98 A83 MPL W
T & el

include 'mpif.h'
Call mpi_init(ierr)

27143t A Call mpi_comm_rank(mpi_comm_world, irank, ierr)
Call mpi_comm_size(mpi_comm_world, isize, ierr)
Call mpi barrier(mpi_comm_world, ierr)

AEAE B Call mpi_bcast(data, 1, mpi_integer, 0, mpi_comm world, ierr)

Call communicate()

AuEA @ 73 * Call mp%_send(sendl, nsl, mpi_real, .isl, 1, mI?i_comm_world, status, .ierr)
* Call mpi_recv(recvl, nrl, mpi_real, isl, 2, mpi_comm_world, status, ierr)
Call bound cange()

2.4 MPIE °]&3 WHEa= /Y

71 AT ZAA 7]Hke] K-DRUM E3-S MPI
7IHE A8 HEALE VNke] Ko 7H’ﬂo}7l
fJste] s=g SIS 7 eSS flaliA
MPIE ©]-83131aL, =7 Hs} A, == Aol o
g dERR vy, =23 A RS iR
RolE 3 200 Aeleiitt. 7] W¥Hst A2 MPI
7S ol8ste] HHstE flelix AR s
of gl Ftolal, ek wiEe AR 5 A
FrElofoF shs ARE wjaEshs Fhtolth A
HEA1S mpi_send?} mpi_recv BHAE ©]83tA =
X}ﬂi SAEA el wht =1 2R AR EA)

< Shs FRolth

o] &

3. W¥ K-DRUM ®&e] #g4 %7}

2 g
Ao JE7) A Ao 2R E oF 80km
AEIH, FAHAL 2,293km2 2 et
quﬂ SoAm Aol 9,6%E xA|sa Ytk AT 7|2
€ 13Colm olgael #5719} walere] Wiz of
S FFEeu B Buels teAeRA
Oﬂﬁﬁl 79-o] 1416mmut Ak FFoe] AT

2 3% 1A] 11 687] S5l 2ale] S8 Algle
:goaﬂr lolm T4 Aol A FYol sl
QATHETTI), 2006). FARFA ] AGAA] 2D 5
5 7 9 eoaEss S o) BEske a8 6o ek

U ek @A 2006).

=)

3.2 GIS S=&uj7pa
golo] 457 9] .E_HO x]aﬂ EXuE B =

o ofsf AA FHfHrk & AFelrs Akl AL

Kilometers

% 6. Study area

o] F9A ARAITAAFOZTE 30m =
DEM, EXFEE Y BEwE 0]8319] HEC-GeoHMS
£ ArcViewol| &A5l] K-DRUME&2] AHIA=
A ASCIHER ] FIHEEY SR/ AFES 53]
Oﬂ"% Arrlal i es s AdAE, FEzid
A, At = R ARMARES A ste]
Mgk 3712 A%sH fck & Agelxe AR
=S 500 m o= AAE AL, ZFzhe] il
A ARE ARRdes R Wbtk £ 32
K-DRUMEGA featiz ARH = /s
S SR AARbRS] E4, iy, AP
R 7]l diste] Aefsielth
Y 9 3omaE el EYAEE BEe AR
SFI=(500m)ol B elEEE ¥ Rl v wt
(Vieux, 2004)S Z7|X2 EA 9 Green-Ampt "7}

BRI 78 [ S B



26 Ao . Elo e

i)
9
of
)
o
- o)
&

3. g s g AR

Original data Hydrological parameters Remark
Basin slope ArcView (Spatial Analysis)
DEM Riverbed slope ArcView (Spatial Analysis)
Flow direction HEC-GeoHMS
Land Cover Roughness coefficient of land covers Reclassify as 8 types

Efficient soil depth
Saturated conductivity
Wetting front suction
Effective porosity
Grid resolution 500 m

Soil Map Green-Ampt infiltration process

5201 58 A (wetting front suction), 3 A1 4 154 ~ 7€ 119 12A) S thtow #Es) 7HS

2ol a2 AT WSS APdsle] 4839 K-DRUM R8-S o8dte] fr=diils st

o] il ASCIstdE Wgkste] ZsIiek of, ol el 91X W A elx ] #5

H 791 ESHEMNETEH FEEA WIHSTE, S9N FAEE T AN AERE vus 29E

SFLEFENE FETTE, 5984, T35S 29 8o YERQILE Bl 23 K-DRUM 28-S o]
TE AHE A3E et |3 W 7ol tigt ] AAES s
o2 yepta ok

f
%

3.3 BN AR AE
dRgelol A HBE colgluiol A2006d 74 8

RER Y ~
o5 Subdapm_500
is 52

ive A

v e o

" o

o
o T 300
- =L

(c) effective soil-depth(cm)

9
ok
- r
ben_goonm 716 \ L_
g i 5
2148 288 5
28034675 L
ALTE. 420 B
Bz e
. 572-8438
Ho O ata
(d) Effective Porosity (e) Wetting Front suction(cm) (f) Saturated Hydraulic

Conductivity(cm/hr)
a8 7. @A 9 B

H184 45t 20104 12J]



233 72423 (K-DRUM)S Hd3sl g3 24

bl 2006-07-08 15:00 12T

2006-07-08-15:00 &) Z0f {3 REFRESH

0 T Ill T ||II|

]
il

100 1
13575.0
108600
81450

54300

=
=1
=1
Dischargetmsec)

526,40 S0

1867.33 oe

070808 070812 070906 070942 O7-08-06 0740442 07006 074042 07008 0744492 071106 0711412
237,16 Timethr)

1=

)

a7 8. SR

iy
ot
)
2
i
_E

F 4 AREA 2 GATE el wE Atz

Division Contents
Space interval(m) 500
Time interval(sec) 1200
Total calculation grid number(EA) 9,163
Domain division type Square division
Domain division number(WxH, EA) 1x1=1 2x2=4 3x3=9 4x4=16 5x5=25
Calculation time (sec) 38.06 37.62 27.20 16.05 10.68
3.4 W4Estayt &4 o AHgE ZrAIN] T R AR AR E 4
EREL

g3} Axtel a3 74E0P%B‘r 03@%%‘% gz 3 5 QRS 120022 AR
\=]

S5 S Rk ANESIARE AR BgIAIR A
W AN WALAE weislel A AN Az

A ARERE b 9 Ao ¥ S U] % o B el e 7t weg g )
# Z7pekel A 257)¢) %_EHIH ANE Set A=7)9} wsgh B R8T AAANGE Lehia
k. wol] AMEE AN 2205 GRS AR Ik B L SRS 2 mse) 97 ez

10000 a0 -
35 [
__ 1000 - 30 : -] BMainpart
g g 25 ] Wk
g v |
& 100 E 20 RE—  E——
z £ =2
a4 ]
’ p ]
1 0 T T T T i_‘
Uni{1x1) Par(2x2) Par(3x3) Par(dx4) Par(5x5) Unif1x1) Par(2x2) Par(3x3) Pan(4x4)  Pan(5x5)
Division Type Division Type
(@) AXE 2 FAl W a7] (b) ALHAIZE

S99 9. QR Aol wE NGas) 2 AR v

SR T 2 T

By

it



H

I e B 2GRS APehs HoR
A odrele] 27ROl we Ak gte] B S
/b vk 2R 1 A dAEEAN R
ARk At gom] ARMARES: oF 38.06 27 425
ARE FETE ST ARAREE:

om Hdf 25700 AL 25709 =AM} £
ARY 3 739 ARIAIZES: ©F 10.68 27 GRS T
gk s} 7o) aaph vile- Avks RS & 5 Slek
AntA o= WHFE AR ] W} s
Aol B8FE ARE o] 9|2 B3t FA 5 AR A
&l 2= AREe] S8l wmErlae] S]] H]
3 AR aaa) Eols o Atk 2 Al
ARERE = g Bl e gele] Wk mu
7F A e S7Eel wel mjd=r]eh AR
HWASH #askar Qlo] WHs adrh FEsl vek

e
v g8 4 4 ok

3.5 T4 AHe71H
E Ao A AMEE K-DRUM E&9] AlkkeAs

e
>
o
E
i
N
P
>
Y
b
ol
B
I
B
ok
TSL‘
z il
L
l-‘>«
(L ol
®

W rlo
N

o

=

=
ths Aol itk ey e dsts sek At
& TAE A5 ARt FAlo] welgiel 13]e]
wlo] ol A AR 299 WellARt ghes
Al gk o A Bz AAG ol A9 Al
F=2p7Rke] wdvo] ddgart wess Y &
A7t 7k drk 9 102 SENPES 083
AR ARk T - AR B8
oMol grudt v dehla olu S8l BY
ol AGe e R FRAAE 7IRAEE 5] EA4
shat ol Aol BYAoR vAl SRHAAE Tt
BAEE o] AL A welAIA

™
o2 '™
18 off
2
o9)

oqolr] Akl vk F4HAS Bal Agoow
Ago] Hof AgilolA HaE AARRE o8
Atol SR, BRG] A% Aol ARue
AR AN SN A o)) uEe]
gt Ato) ool Lk, oleld TEH oapig
2 G 93 B AT E el AR Bt
G A FALE 8] WA shel Q1 it
QAIS 4T} HES Sk

Matching boundary

Matching boundary

T 10, HYGR FHAARAAN ] 2RAN BEE

H184 45t 20104 12J]



2
N
o

XY A9HERYK-DRUM) Y WE3} a3 4

oqoizr %A EAte] Wlel me §E% oA 1% 1S el 25707 wAsl WSS
& sk & 5 Qe A4 GO BT ol A 15jelA 634K A A AnE oapuy
W55 AV ) SARNE Sk eARAe 2 UeRielnh IReld MEs) 284S o
W) wmR AN fE%0 O gl 1 Ak sk g 58, 33 oyl A% 9AR: 5%
AR FEHS U A 13 Zo] SANEEQERE OFlE AL S-S & = Stk
SIS T 128 WENSE 357 24 doie )
T 40lA 2574 STH7IH ARl Adks @A
Q-0 EE ehig 998E A4t 31a5E oY
QER: ——[X 100 (1) O~ }\]—O T}]r?‘]ﬁ}\ [}
Q, R et 2| 57t F7FelA =L ool wt
53 o3 A bk 9les o 5 Uk 5 g
7N, Q. Q& 77 WlwrAkl fEw ) B ISTF SRRFS NS A STPIACH RS
AL AR fEeroln), oF 5 Stk
50
""" HE 25 irr=1
40 :.‘ TTtHE 25 jr=2 |
T H= 25 jrr=3
= e 25 =4
F 3 @™ 25im=5 |
g ~— 42 25 ir=6
20
10
.':l"\ o h-""--—-_‘_--.
0 ey 5 e, AL e P
8/7 15hr 9/7 5hr 9/7 19hr 10/7 10hr 11/7 Ohr
Time(hr)
% 11 DA AR 9 Sl whE o apulg W
10
8
n:;_ 6
=
W
=}
4
2
2
0 E= £ A
8/7 15hr 9/7 S5hr 9/7 19hr 10/7 10hr 11/7 Ohr
Time(hr)
a9 12, FYEE sl ©E eAMEE Ml

TR ZE G TR Rk



30 7@/\%03 . vkz]

o7

ofl i
o

BllE <ol

o2 T Ht o o

= fo

F

tre) Gejate] ol A
Ashs vlmd A, AN 7w ud)
9 SRS GARE A5 F7R) Wt 5128
Wastel Wast Eah SRS o S Atk el
R A5k Fohgel ntet 3ka Al
el me ARk} W A 2RI, ol
asks] giskel WA W ElRE 277
o RS 23} oyl Aol A g AN Ao
33] o)l WAl WaFS & & Uk

3 Qo e 3E A9RERde 4
5Y 5 e o 39-aE AN arEs
AR NS 71 0m W5 bsstel thie 4
§A ATeA] g Fsdel w2 Ao st
=3, frefpie] o] Wslel we} B opeel 2
£do] FuERA W RS EFE FAe
FEAte] a7Re Wk STl threle oy
oR A7E A%How F0Y Aest AT B 7
SAVPE, fO] PE, Bkl mE ZeAel
AR, WEs JH 2 vl WEshy 8ol
whE RIS Al HAe) Wes) /1y Aol
Bastria Az

2

—~ O

H184 45t 20104 12J]

10.

11.

12.

2 7|Hke] e 453 o
F AEE ), AEAT=EA), Vol.7, No.l, pp.57—

2} JE, 2008a, “FrAEAE WHPE SAA]
Hke] Ry Yny /W7, eSS A, 28, 3DE,

pp.431-436
uIzIE, s]dd, 2008b, 7RG oid EEPR

) 3|98, 2008, “THREINAS 9T S
Hho] Bardwy s 9 A8 Sl e, 419,
pp.455—462.

w218 g8l 20098, “K—DRUM 71A-S 98t 27| &
¥t AFE R A7 A SR 57 1 8k A
179, 2%, pp.71-79.

9IS, s]dE, 200D, “EEl A INe] RPN S &
42

S QRS Tl daaAelsts)A,
H, 1%, pp.51-60.

a3, MRS, S e, A
=13 Wy Aoy 487

8%, pp.747—755.

£ op

2010, W33 75

A5, 43

. SFEs3] & 9|o] A, http/www.kncold.or kr/korean/

dam/k_dam9.html.

. FEARlEAL 2006, “Hlold] g o83 W

9 FESAIR ALEAPAE)”, ATEILA, pp.68.
Aoyama Y., Nakano J., 1999, “RS/6000 SP:
MPI Programming”, IBM Corp.,
www.ewdbooks.ibm.com.

Vieux, B.E., 2004, “Distributed Hydrologic Modeling
Using GIS”, Second Edition, ISBN: 1-4020—2459—2,
Kkuwer Academic Publishers, The Netherlands.
Hur Y. T., 2006, “Cavity Formation and Its Remote
Sensing in Sand Layer”, Ph. D. thesis, Kyoto

Practical

University.



