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ABSTRACT

With the rapid increases of the amount of data and computing, the parallelization of the computing algorithm
becomes necessary more than ever. However the parallelization had been conducted mostly in a super-computer until
the mid 1990s, it was not for the general users due to the high price, the complexity of usage, and etc. A new
concept for the parallel processing has been emerged in the form of PC-clustering form the late 1990s, it becomes an
excellent alternative for the applications need high computer power with a relative low cost, although the installation
and the usage are still difficult to the general USeTS.

The mapping algorithms {(cut, join, resizing, warping, conversion from raster to vector and vice versa, -etc) in GIS
are well suited for the parallelization due to the characteristics of the data structure. If those algorithms are
manipulated using PC-clustering, the result will be satisfiable in terms of cost and performance since they are
processed in real time with a low cost. In this paper the tools and the libraries for the parallel processing and
PC-clustering are introduced, and how those tools and libraries are applied to mapping algorithms in GIS are showed.
Parallel programs are developed for the mapping algonthms and the result of the experiments shows that the
performance in most algorithms increases almost linearly according to the number of node.

» AdUsE AALSHS 2 o AL BRI D5

- 123 -




.ME

HaAE o2 oo AFETE & /A EHE 9
311 dg dstel sk e FAoth,234).
H3XE)Y] FHLS AN ©F uFAlY diA
Axg o3 7hg AFE A &8, 7HE ol 4%
Hlo] gt Fol ok HBAY} FuAFE 18n
PC-clustering= ZAFELAS FAY 3FS 71
A7)%t e Z2MAM(vector processor)E ©]-&%
SMP(4 CPUs)7F 1990858 19%567H] 49737 E]
AANAN F2& vehigleus), RISCS chipsetd] 5
422 chipset 7HHol Bo| st AHeA &
oA Gl AY Aol IR ole BE U9
AT A4S Be B2 4 U throughput 71 4
Al F83 #dog RZse] MPP (471024 CPUs)
BE A FEE 199498 E 1983718 913 F
g YAE #3%He). AT MPP 8% ®
g o9 Ao A S A9 H8se ad o
g Aol sk P& Ao s mHz<
AHAEERE oY 7] AR wEbA
Vectorst MPP4] 34¢& w2 CC-NUMAZRs DSMP
(38 SMP : 4~512 CPUs ) 7%& 7M 43 7AFE
AN2de] Tl 1983RE A7 olFoA 1 )
ge).

asy AR e FuEFEY Aol

I Parallel Appiications l

Sequential ] I

Applications Paralle! Programming Environment

Cluster Middieware
Single System Image and Availability infrastructure

[
/]

PC/ PC/

Net. lnlorf ace

PC/

Nat nterta oj Net. Interface ” Net. Interface

@@@

High Speed Network / Switch

PC/

I 1 cluster system /8%

- 124 -

A =T

71€3 LA oHd) 7tAn HAYT FEATES 0]
o EAo%7t o a8 ol =tk vA WAHA
0 7HEolghe AR AR e I7HATA
doz APHAA #FHAFEL oAz AT A
o) we} ojA7IA] HolFAH AT AAES B
o g Azgog AFsE v)ee] TR H4d
olg]g ATAY AHHE FHF PC
clusteringb)ol@ 4-83l€ A H&9 PCE WEHA
2 Qs gEXgE s PHE sk, ol
3 Al2glo] 19983 E TatAd e PolgoA|L
oAl 7|4e2 J9E HE/H HAoh 232 AN
Eo] o] B3l gl PC, WorkstationES HE
a2z Fo g MEd AA Z2aPE 9
& o 714 o 4o EAFEHES €49 A7t
I 7] welet,

a9 12 cluster Al2H9] 7fEES HAFHh 159
YE Jﬂi AZE o9 9 AFES A, AHA
7} olE€ e HFEAY =70 A" & YA
3= cluster PIEHA7E Tk, o] oA AHEAE
o] §¥sl <o, HolnEE MY Z2aYS
Faske Aol

28 A2 MdEe sar|ed off 37t
A2 gof=ed], olge] dA Agsld AFLE A
#En glo] AR Bt 44 FeiE Alad
€ TS €48 + g Zolth

h 24%/A7F 88 volAR Z2AMS £
- A&H o2 14:348H= Microprocessors.

- Vector, MPP A|2®l9] Ex

- SMP, CC-NUMA Al2-ge] 2t

(Wb 44 3% vEYZY T3
- 100Mbit Ethernet

- MyricomA+e] Myrinet

- DECA] Memory Channel

(th 14% =297 3739 gugl
- Operating System
- library(PVM, MPI, Threads,..)

REBEEMERPEANE



PC-clustering® ol &%t

- %1o{(HPF, OpenMP.,..)
- Single Image System S/W(RFS-1, MOSIX)

2. WXl 2lolEaz|/™E X &
HEAE ZolEezle C FORTRANSY dofd

oluele) HPE Mg T wcae ¥4

1
P PSS T a8 9 3489
2

3k oridle PVMB),
MPI9,10), Lindall)o] hom o]F MPI/} AFiA <)
¥Foz Azttt @A OpenMP, MPLCH 5 o
g F59 MPIE°] 492 3tk PVMe MPIRT
HA RO g 2 Aol Al HE
of ZAg de Ak

2.1 MPI(Message Passing Interface)

MPI& SPC(Scallable  Parallel  Computers)
NOWs(Netwroks of Workstations)ollA — ARE&
U= message-passing® &3t 7153 intefaceE A
g oot 1991 oA 1994de) ZAH MPI forumel
28] whEolR o] 1ok Intel®] NX12), Expressl3),
nCubed] Vertex14), pdl516), PARMACS]7) 5 %2
FHAFEH Woe] JFS woky AdAle FFoe
Atk dA4 MPIF A4S 58 oo 2

- Point-to-point communication

- collective operations

- Process groups

- Communication domains

- Process topologies

- Environmental Management and enquiry
- Profiling interface

- Bindings for FORTRANT77 and C

o] BFEL AR A 15719 g2 FEHA
Asiow, FATA] HAE 7)ol FrhHo} ofg wd

BTIRE2H-199 %68

ofE Xtz o

LZESOo| e A
ol e gtk 1 F MY F8E ¥rEL O
=74 2tk
MPLINIT Initialize MPI
MPLCOMM_SIZE  Find out how many processes

there are

MPLCOMM_RANK Find out which process I am
MPL_SEND Send a message
MPI_RECV Receive a message
MPL_FINALIZE Terminate MPI

o) Y45e A WEAAT TS e o)
Nz:gle] HgolH wolHh

2.2 Linda

1988ell #EQ Linda® MPI®} 28 d38 3
A g dede] gtk 94 Lindas HEE2
IWE £ Aabe AA dyAr) 2P d
do Aoz

2 B3 gt o)A WEXY WY F
master-worker %t master-slave2,34)9] 713z} H
%2313, SMP (Shared Memory Processor)e] &%
Ans A ok Linda’t AHESHE &6
g e MHH R FHE vRe 3o 4
AZ odd FAUEAE o] §iAl HAFH Sl
t}. LindaolME 3-tuple F7tolehs 55§ BAIY
S AHEEREd], o)A AATY Eolsle wEA(F
HAANE AR & A4 dol7by 4 sk A
o HFE = Utk ZF AR Al Yol B o
olt} AANES B1 d7te] oW 9€ Y HE
Aoz, Axge #ele Wyt g3t gk o
d 72e 19 29 2ok

Lindad] 42 MPL ¥l dl8 Z2a8s 2y
77F 41, AA9HE FAARE 2710 AN
| A R L B B B S i e |
A= DANE7R] dFHE17F 7] gEe FEE
(fault-tolerant) Al2€& F&3}7lol foldic} W,
EAS T2E 7N SAAT H8E 5 Slo dvHy
olA] E3lth= wHo] otk o]¥ olfE dF 23

1 o =

oE ¥

- 125 -



gEEYZ-o|EF- U4

Shared Memory(tuple space)

("age","kim",30) Outside Address Space

{ out("age”,"kim" 30) ‘ ‘ - in(age” "kim",?age) in{"age”,"kim",7age)
Removes miatching tuple Blocking

Communication = creation + retrieval / deletion
{mailbox style communication}

a9 2 Lindad] ¥E A 72

T FE MM AME AEE de ey g
AREEIRIE @ gl

3. Cluster Middleware

HExE 37 £ HE@AY e & A A}
£27F Ao Z2aRg HEs) & o AEEE &
T & F Ytk ojn) TR e AAle] AR
T e k27 B Jfolm, ZF ==t djob & Yol
FAAAA wlg] AAFHFo o} g} £F 1 REES
EAA AHERTR 7HEE #1599} load balancing©]
o (MPI= o] 7H4o] "Ho|n Linda E¥2
old 7H4o] W gith Al iR MPI 22e A
83l Jleme ofyle wo] Mydich) weF o2
3 Alge] AREAL clusterE AME-dtA SObE o)
o] FREL W TP ¥IE EFET A
2 9 g 7] g AR Hsel 2 AFe
FA 2d. w2 multi-user AN E ARERIZEY
Y B8y E o] ot dk=d o] A€ cluster
907t 233 g ol ddsie e oY
ZHA7E Aoy @Wol AREEE WS partitionl8),
gang-scheduling19), - dynamic load balancing $¢] ¢
o} &% Fault-tolerance 298 WE7] Y3 why
T cluster-PlE9o7t 993 FEolu A A
57]) A& RSF-18 X33 B8 749 24 ubg
Eo] &#A A ¢t watA o7)|HE Multi-user

- 126 -

7re] AQEETES i
3.1 Partition A&

Partitiono]& AMgAp7E z7)gke] Aoz wlg &
Filel ¥ x==E etk NAY ==E 7R
clusterol A n(<N)7He} ==& ¥F8he partition &
FE 8383, o]FA FHOR L= TOE AM
A7} ARE3EA Bl Heigiet oA ARERIREY
non-preemptive FIFO (First-In First-Ouw)etx 2 <
oH, Intel Paragonl?) 128 =Z ol4e] oy w3
AFEAM F2 AHgshe whgolth

3.2 Gang-scheduling

NAY =2 ojFofR clusterdlA] o8] AMgA7L
FAl N + n (071 processE 38 3%, &
ol% n7le] processt time-sharing& sfokst .
ol Z xto schedileryt 71318 AAZ "ot
A3, AfHoz Ao s ZE xTIN F
718} ¥ time-sharing® A S& Holdh 99 2
& W& Gang-schedulingolsly 26 Ui
RWCP(Real World Computing Partnership)l|A] #H&
Score-DI9)= o] #Wgg At ¥ 3&
Score-De] A5 Y& HAET

Workstation Cluster

Processor #1°| [ Processor #2 Processor #n |

SCore-D SCore-D SCore-D

Process Process Server
User User

Process Process Ugar Pojsliel Prog

User User = .
Process Process User Paraliel Process 2

user workstation

user - workstation

% 3. Score-De] #F 9
LERE AN S Ebe



PC-clusteringS Ol 8% of&XlZXz2| { HELZE ofo e AF

3.3 Dynamic Load Balancing

Dynamic Load Balancing 2t =E59] 3318 Z2
a3 S8 Fo AEHow M 7)%S L)
Clustering #7442  dg§d  Aczg
MOSIX20,21,22), RFS-1¢] 1tk RSF-12 44o2
dynamic load balancing, fault-tolerant &31g]Z0] &}
AE) FAER ol FA AZE A MOSIKE 7
F02 Yol

MOSIXE 282H AREe AE
19909t} ZRHRE spdEo] WA 7o spise} gl
MOSIX® aAsAMNS $34& A5 & 3

S T TEAT AR FCIA 1 2 B
< o2 the] HFEESo] iR b Al2€HE B
Acke Aeg, T2 AL AYP3AY Z2aRg 7
9% o Wx golBeE AHERAY HEA
& A|2o] glox 7hsdithe Folt

MOSIX ¢3el&2 3 32 2 processES Y
ENaz 4729 AREZ AREA oA § A
34, load-balancing® ERdtx WEI 5 249
FE# A ol ¥ 45 F B x5
00 22E Ra} AL we 12 T AT} o3}
E EFE RAFT w0 dlE oj¥E Zaqxvt
HERE AHS 71539 FoA, k= 1649 2y
o] #5¢ Z2ZAHA9 standard In/Out L 8 A] ik
gsjojob & AHE & 4 A HEL:

MOSIX®] WHE olsfsly] H3iMEs SMP(Shared
Memory Processor, 24-way®d PCE ¥ 3drhete]

User-evel \

’ T \
' \ remote
lo0ak ! i
_process <] Link - Link
layer ! T la
deputy i \\ ,l yer

Kernel Kernel
—

User-evel

% 4 MOSIX ofiMe] Z2A4k o]F

B7HEE2R 199 £6 A8

vz gesih SMP Al2ddME 2 7Y Z24
A7t e wWizeg FReHA Hed, o)e A
FAL AN 59 I ZaAMTY WE R
Adolt}, shtel wmy glonzg ZgAE AN
o A TEHoZ dAstd AME F&HoE
93717t o ok £=§ ARAEE vkx] 1 CPU
& AHEEEE old o ZAMTY] AdEEst 9
olui EAEAL &7 Rt

SMPH= 9, cluster computing 8732 o8 dof
o] Aol g2 FHFHES HEYAZ dFE R
7] g, old AFEHEY A3l A7) &g
Aafor 3t} ojd HFHES wSu FE Y32
2Hol4, PC, SMP 5 o® 79 AfFEAE 94
7] g Zo AddEEy dE2E, taa Fo] tar
221 7} noded] £AAASY AlAE Apdo] Zrin
s &4 $9AAE AN Ayt #st] 9
7o, o]5L o] Alagog AMsle de A
7F ok

PVM, MPL, LSF, Linda, Extreme Limx 5 %<&
AZEJOEo] oY k=& FO e AFEHAE
e e AlFE FARL MPL program oA
oM HFRo] ojH WYL SfATEJAZH
Foke Aoz AMEAP} 7+ o) el 2 load
balancing® diFojof st} o] AL Z2IPL 5
g3ty Ao ofwl FAgo] ofH wTof FREEA v
g A#jFolol e Aolmg, L2 ofeH
HEo] ggusle TEHoR diAdA Rtk &
o] gick.

Load balancing®9ll = CPU, memory, 1/O, IPC5¢|
AL UgFE TAE ¢S E38tn AFREEHE o
28 71 gtk Al o8 ARRAIEC] #A AR
3= ZA$E sdsks ZEadse] A 94%S &
F Q7] "o, & Alge] AUS F HeHEE =
219 FHAslete o] Foujsd 471 Slok (o]
BA9 4% 98, Partiions EU3AUIntel
Paragon], Gang schedulinglRWCP, SCore-D] &
AHERE Afe o oM ARdn) SMPe OS
2 AARATET), AU 242%5), ZolBe
2620 5] A9 ZE AL ¢ HAdHF Jdov, &

- 127 -



gEET.0|HE. 93|

A9 PC Cluster 8732 o|d FA9 #fdg g2 #
2 ARgAte FEd ofEsa Jlor, Aoz 4
5 A5 load imbalance® Aol A3l =&5
£ Aot

MOSIXE CC#7%& SMPEFCl 7MASiAAl %
T RAoR ZEiEd ASE EE AYE Bstd
3 Ra7dE AAHEth oJAL  muilti-user,
time-sharing, non-uniform clusterslA 2 37} A
o4& ok

4. ofE AlA"ollel HE

g Ax"oA AxAe] 7+ JiAE YehE d
olHlE g3 EYHoE FEHI WEE & )
wEo W@ 74 F& ¢3EL Xz Yk
o] AL€S clusterd] AX3n +RY o, E&E =
d e A%E A FoRE U = o

AAE multi-user A2HAA A Algto] FA
AAS FPA e A2 7 ARl Z2a
o] B¥Es} e Ao ofel, MOSIXZEE &4
o] oA HadFE AAFE 2eg o ¥
Ate) Q1A AXEETL welAlE Ao] ohth

FOAAE £E8 35 A 5 4 948 4
3} 3l ARRRe] AN A Folv HWholth
€ F /R e gysld ARBE 2 o
middeware® AHg-3l= WEE AR YA B
o gte] PCE AMSske Re 5YUs] didd, o
7IME BEsid WEs gojreQ] MPIE AH3
th

41 HE3 o L0 F

411 %% 9 (scaling)

sdel AAload® DXFolIAE dele] vlgz
Su/3s 8 4+ 93, 54 REUS U o
IYFE Uk o del WA BY E= NuE R
2ol &3t RE blocksh eniity) tiste] e g
2 B v AYS VR B o) AYe 7
entityo) cheel SYHOE $4Y & glovz ¥

- 128 -

A & Fgo] BEET

412 Vector® Raster® ®#g (frame buffer29)
copy)

DXFu i< 98 wE HGIS AsTxE 2F
vector2 FA|Eo] gtk oj&& olmA|g ] s
HE o] AETZ EE entityol th3le frame ¥i5]
9| 7z} pixeloll F93te 2qjo] ¥astA Frh Entity
2 HEs B¥sto] o dlo AFEAA zze
frame Bi®o} 2D &, o] frame WHES pixel #&
et AHE AFEY R relFE oH A7t
g4 gt DXFE B8E )9 entityE frame ¥
o aE AZEY frame WHES Yila Yre
Azte] B A& A% a7 Wiol 2 4 stk

413 DXF A2FzA Y Agpzae Hg

DXF As72+% 37 HEADER, TABLE, BLOCK,
ENTITY section® 2 o]Fojx|x, AA Axd 17
A JEEEE BLOCK} ENTITYOlA Aedth of
% sectionolld AHEEE HIO]HEL line point,
circle, arc, solid text, shape, block, polyline, vertex,
trace, 3D face, 3D line, layerEE T4 =] it} ¢
HolE8E TIFFY4 02 AAE7] A vy Z27
Yol A AHE3E WETRAZ Agsed, o #F
& DXF ZZt9 entityel diste] /g 38
F gloh ok B33 entity9] 7% Block section#
Zo] glo] Eofof stz dHolHE E3E FAd
A granularity®] Z7e] Q3 €tk

414 BA

AZ49 F A9 DXF dHelgg onAd a3l
o, 7P3RkE] FRoA ofge] AT F 3. o]
& HAY A o] Mske JPEAR o] o}
d X £¥o] YT v EE scaleHAY WY dF
ofo} ARt AA2HA BT

415 AA A= (Selection)
oA & AANE Adsly A L WA}
a3 & we o A AYHEAER] WA gt

REMTERWRETRCE



PC-clustering2 0| &%t o ZXl2Xeg| ¥ tHstLr=ZEgolof &E A7

ofof g} o]d 9o AA entityE ol AHT

% gk

416 AZ(oin) 2 B H(cut) A2

A9 scaled FoE FAN LFE AF cu,
joino] EAEHA "t o8 HAF] Aside AA
entity® toE HAL I AQu} glow o
A2 479 entityd] ) T
7Fsstch

=

42 MPIE A% ¥Hd =233

Computer 0 Computer 1 Computer 2 Computer 3

=
2

71 DXF¢ entity 2 entity[SIZE)eh=
array?l A3t vk 7S ¥ o]g 48 di9
AT olE& AAs] Ruisi 57 Wik 3
§& BAFH 499 AFEHE AT 45 28 59
A9} Zo] entity 'SIZE] 99& HA3] st
A g ¥ s FAFE(computer 0)2 BT
olff A= Alzbo] AFAITRT IR AW EF
E 933t 38L oA

I8 69 DXFY entity2 &3 H3sls ¥E =2
IFE RAFT Utk yeA] gaedel diEq e
FAMGE o] 284t

#include "mhih”
#include <mathh>
int main(arge, argv)
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int arge;’
char *argulJ;
{
int n, myid, numprocs, i,
int rum_entity;
float scale;
int start, end, size,
int stat;

MPI_Init{ &argc, &argv);

MPI_Comm_size(MPI_COMMM_WORLD,
&numprocs);
MPI_Cormm_rank{ MPI_COMM_WORLD,
&myid);

n = num_entity / numprocs;

start = myidsn;

end = (myid+1)*n;

if (end > num_entity) end = num_entity,

for (i=start; i<end; i++)

do sadling for each entity[i], /* entity
data * scale */
if (myid == 0) {
for (i=1; i<4; i++)
MPI Recv (&start, 1, MPIINT, |
START _PCS, MPI_ COMM_WORLD,  &stat);
MPI Recv (&end 1, MPIINT, |
END_PQOS, MPI_COMM _WORLD, &stat);

_ MPI_Recv (&entity[start], end-start,

MPI_INT, I ENTITY,
MPI_COMM _WORLD, &stat);
} else {
MPI Send (&start, 1, . MPIINT, 0,
START _PQS, MPI_COMM _WORLD),
MPI Send (&end, 1, MPIINT, 0,

END_POS, MPI_COMM_WORLD);
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(&entity[start],  end-start,

MPIL_INT, 0, ENTITY, MPI_COMM_WORLD);

}

/* A7]A computer 0 &3 HPE entityE EF
IRz Qlek x/
do_somethinglentity);

MPI_Findlize();

}
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