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Parallel Computing for K-means Clustering on Estimating

Underlying Latent Classes

Student: Yin-Ling Lin Advisor: Dr. Guan-Hua Huang

Institute of Statistics
National Chiao Tung University

ABSTRACT

The main purpose of the study is-to- perform parallel computing for
k-means clustering on estimating the underlying latent class process. OpenMP
and MPI parallel computing make computing time shorter for updated and
non-updated k-means clustering.method. We compare the parallel efficiency
of OpenMP and MPI in the personal computers, the national center for
high-performance computing and the Amazon EC2 environment. Besides, the
breast cancer microarray data are used for illustration. The results display that
parallel computing can reduce the computation time in all three computing

environments.

Key words : OpenMP > MPI » Parallel Cmputing.
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1.7 %

A % £ 103 (Latent variable models) &_* ** j2 §# 2 7 BB H % & fr s

PR 2 BB BARERABRLT]RAELS PR RO TR
Bz frgh D HFR L RE T BRRELFOME o 2V R DT
MET R - BERERFE e (B F) (Rasch, 1960; Lazarsfeld and
Henry, 1968; Moustaki, 1996): # %8 % i/ 3B “fasg” 2 LA F -
8 ¢ ok A (Goodman,1974; Titterington and others, 1985; Bandeen-Roche
and others, 1997; Huang and Bandeen-Roche,2004) o % i & & 0 L 2 B A 3
W R AP EAFEMRE) DRPEI AR > BRI BFLEN
#- 4] (Latent class analysis) -

AH LB ERERMOOFEALAEN AL ¥ A d K & % 2 (maximum
likelihood)2 A S Hcim 3t o Fl1 3 7 st LB HHE Y x| » @@ @B AF I
4 02 5 - B L 3 PR F KB AR E o F o EMw ¥ o2
(Expectation-Maximization algorithm)(Dempster and others, 1977)3* & & *
ﬁm%%%ﬁ%&’%xﬁiﬁﬁi’%Ei?ﬁﬁi%gﬁﬁﬁ%
(Bandeen-Roche and others, 1997)« g ¢ > & * EM/F & /2 k &+ #4] % # -
WO AR Y At A B D ER .'g_p;s;e;u YT &

VM HCA) A 47 i ¥ AR5 8 4 47 (cluster analysis)4p iz o F) g
AR HA L 4Tk B A M (Huang, Wang &Hsu, manuscript) o # %
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2. k-means A4 ¥ j*

AP k-means A FE G E P A FBF L2 - BEARTREITAS
HpE o HEWMOY wES 2 V- BN T S
o A REMY cEERYE T RA S A fF“?f""’é"'*ﬁiﬁé'iié )
updated k-means 4 # = & 5 f 2 ﬁ % B £ 5 non-updated k-means & ¥# = % o
gtk s A g non-updated k-means/a ¥ 2 2 T {7 pF 51 % parallel k-means
A # = % (Kraj and others, 2008) chi# & i $ 4 o
2.1 Non-updated k-means 4 % * /2 g § ¥ /2
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2.2 Updated k-means & 3 = & enix ¥ 2
UKL.SE 45 -4 A o 2 k22 2L &
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¥ openMP & MPI i3 2de 1 4 5 o

3.2 OpenMP X {7 = ;& (OpenMP.org)
OpenMP H * *t % 3 e MM S J R 7 H R K- 2% F B
2 (OpenMP in Visual C++) - openMP * ¥ ehfe 8 F 2 ¢ 42 CEF % ~ C++22
Fortran> @ % ¥ openMP 3% #F % # 3£ Sun Studio~ Intel Compiler-~gcc4.2.0

1+ 4o open6d HmFE -
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WAL PR BBHERLS T pRREN T F L% openMP 4 £ &
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i * openMP & % §¢ »<openMP =aikieg 4 © omp.h -
$#include<omp.h>

- & ® * 3] openMP ehdg £ % == 4 @ Directives » Clauses »
Functions o

$#pragma omp directive[clause]

Directives %> % 11 ® - parallel ~ sections ~ for i& = 38 £ & &k # {7 T
{7 i+ 5 master ~ single ~ crigica i& = 7 R &£ 4 T i¢ * H - {7 4 ; atomic -
flush ~ threadprivate & = 78 P &% X =4 % 5 barrier L4554 H 7% F
# * e ordered K T T FitenH FoERE > AP H A — P Directives R
i £ F g e

Clauses 3% i» 5 13 % » copyin ~ copyprivate - default ~ shared -
private ~ firstprivate - lastprivate -~ reduction & ~ 78 ¥_& kK 4| F #c o T
71 pF e 2 > 5% 5 ordered 4r schedule i& A 38 F ¥ 4] T 7 i 7% B
A e > 2 5 if s num_threadsie® 5 Pl IR FH X 2> AP A 2R
P Clauses 3% > chdp £ * & -

Functions en3%i> § 22 B > 3F % Sfcen @ % 5 € 3 8 > Fp 2 A B ¥

*ona B oSde o AP & = P Functions 3% G ehdn £ i e



Directives

parallel KA T R a8 A AFH T 4Tk

for AET 269 for ®EFiTLRE

sections AT R 69 section F4TLREE

master 15 T E PATH R IATHT R 698K

single BT AAOESFALE—BRTERT - FHFITIE

critical WHET RO — R A H—BRTERT

atomic RS ABE N

flush PR AT IR 4 F o 48 5] e 1548

threadprivate | ¥ R EM TG THEHAEF LM o)

barrier FlF4t » B 2IAT R B9AT AR IATH] barrier

ordered HEET AR A for ¥ BT 4T

# — . Directives % i» chdy & * ¢

Clauses

copyin {# threadprivate HF H HfifoE MTHOMAAEE -

copyprivate | HREITE P B BAA

default BOEFATAL R BRSO K R

private RERBTETY  FH —mREEAR > g LR T#

shared LT S RATH A

firstprivate | REEBATHT - 4 —REGHA AL T Pl
Al @4 Faiez AT oo 3@

lastprivate |REERTETY  HA —EHOHEA L5 L8 TH S HAAA
PN ERE EREAAEDEHTH

reduction HERTHORE > HENEE ARSI B X RATH

ordered H MR for » T LA 538 B 4746 R iR 0 AF RSP R AR

schedule & for mEMF4ILF % F dynamic - guided ~ runtime -

static v # % &

num_threads

HERFTEESRATSMHE

if

FIBG R4 o T U0 AR R AT BT 471G

nowait

A barrier

# = . Clauses % i» ehdp & * i




Functions
omp_get_num_threads | BR4F B AT 3047 & 694 3%
Omp_get_num_procs AT PR A AT 8 o418 $

# = . Functions 3% i» edg £ * &
3.3 MPI & 7 # j# (Message passing interface)

MPI X% 52 frR FleRIL %R > B i LA ADE
MW LG £ SR P A3 B A4 e FiFF(Marc Snir and
others,1996;Peter S.Pacheco,1997;William Group and others,1999) > MPI T
FAEN T M AAdr BT A RN T & AR R cluster &
Foasmt R F o MPI A #Ffe 22 ¢ 48 C#E 2 ~ C++2 Fortran & » MPI
5~ 3 MPICH ~ LAMMPI ~ MVAPICH % 5% * -

AACERBIp I B R R E LR SRR LS > 2 R R
T BB F N ISP ERE R SR - At pka ) F
FI* e @7 BN E Sy HRE AW I 2B ES G
PR G RM R RH SRR P FRF A CPU &

CPU 2 B enF Al 2 # o B 1 #iaid B PR B 47 |

B

F_k
‘ﬂJ W

']

SrlEiEE

Bl-o. .3t mhkhiErs i@

i % MPl & £t » MPI shih 57 # 1 mpi.h -
$#include<mpi.h>
% MPI & £ 2w BAASH,? A9 f£55¢ Rerel o 5 A jm s

o RFP 2w BAAIHOr R o
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i’ cHILE-BCPUEY - B CPUZRFSOFRBE ¥ - @
ORI o HL LA E - B CPURE S8 0% o

A LT AP BRI S Bkt % e aE - B MPI_Send
% JE & - % < MPI_Recv fiec & » ® MPI_SendRecv T % % 3% -
MPI_Send “c - i# MPI_Recv o

AR AP RISt g HEHRE NG DR -
B CPU #8 fFed v fo — B Silicd i % & FALP @ o

TERNMDH IS A A o - A LA TR Y H
EFaddehloer £ PRAEIFIREFL FF a1 ¥ -
B E e TR %'J s BRI AR F Rl R R BN A
Fahioer £ TN P XL g e - BEAERFTH
Bz > HLREF B CPUSRE p- b 5% (8 v jcf| master CPU
slave CPU T 4piz § M B~ AL FREF TR v HES » HLLELFF
# CPU e+ B> 2 85 b= CPU S E » Bl CPUZ P F & 2
BERE - AL R sh?;{fﬁi‘\ CH RN Ea R S 230 @ CPU B ¥
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A ARAES

MPI_Init() BB A S CPU LSt ET 4
MPI_Finalize() Bh i ET %

MPI_Comm_size() 1% 40 B i 473 3 69 CPU B 3¢
MPI_Comm_rank() #4072 % &1 CPU

e . w BAAIEAT B

24 2h3E S 4

MPI_Send() i %46y CPU A

MPI_Recv() Y E 69 CPU A

MPI_Sendrecv() B A CPUE M L 245540 B CPU & 4ok

% 7 BEH BRI S Bt g
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R A4

MPI_Scatter()

HEHmE BRI E

MPI_Gather()

R EESHER

MPI_Allgather()

e EH R A A S — 1 CPU

MPI_Reduce()

HH SR ML e CPU

MPI_Allreduce()

FH E R A7 #Ae s — 1 CPU

MPI_Bcast()

#F 1F] — 38 T4 2 4 448 CPU

MPI_Scatterv()

#A1l MPI_Scatter » T4 EF F R & H

MPI_Gatherv()

#84 MPI_Gather » T & R £ K & H

L4 BME A S B

SR Ry

MPI_Pack()

£ 5 F B A2 ) 69 7o B

MPI_Unpack()

SRR R ARE 69E A B

MPI_Barrier()

A rrd CPU i 2] F] 5 égik L

MPI_Wtime()

B AT A R AT M 6 4 A

F= H B A St B
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4 AP BRPREF LY o248 E Amazon EC2 BB 41 §

4.1 A3 2 2RAFE? < (AFKRAREY <)

R 7B ez sY oy 0T 735 %83 IBM Cluster 1350 -
IBM P690 - HP Superdome -~ HP XC6000 Cluster ™ % Formosa Il HPC
Cluster - & < #ri& * g B % 8 5 Formosa Il HPC Cluster > B = & = 7 }
TR ERE

Formosa Il &4 * PBS Torque 1 Tz gcdl - ¢ * & & & £ PBS
Torque 7 job command file » #& * qgsub 45 £ 3 2% # = 1 ¥ = % Formosa Il
XF T ® Formosa Il & » 2 e ;8 F @& % putty it %8 > & f?;ﬁiﬁ:}é;?ﬁs{
™ WinSCP it %8 o

Awme it F DA C Fo 8 R R HM MBI CFDTEA
Command line T # 7 3% ¥ % » R & 4 f 4% F * qsub 4y £ 4= job script
A A AR % Formosa LEF 0 A 0 T chgs b R P R 5 AR

i #4222 job script 0¥k BK T

P
HP
H® | IBM1350 | IBM 1350 [Formosa2| HPLCs000 | 1BMPsgs | o o0 | IBMPSI0R gy pergome SUPETdome
FE | ZEhR | TEAR | 2Ehe | ZERE | WP SMP SMP SMP SMP
AMD Intel 1.6
St | eI 3.0 GHz|Intel 3.0 GHz| Opteron | 1M1 |1gm power 5|'2 FONSr 4|IBM PoMerd) It 15 gy pyg
Dual-Core | Quad-Core | 275 Dual 1.9GHz : i Core
ooual | 1.5GHz
Eﬁnﬂzer 16GB 16GB 8CB 8CB SR cE R e
Node 512 128 80 192 1 8 3 2 1
L 1024 me 160 284 64 S % 128 m
Core 2048 1024 220 284 64 i % 128 m
CorelNode| 4 8 r r & 22 22 & 2
— Infiniband
: - Gigabit - .
WEEE | Infiniband Elharia Infiniband |Quadric Elan 4
i 7 &1 #2 0.4 07 0.4 06 05
(THlops)
RedHat AS
Fedora 45 AIX AIX HP-UX | HP-UX
@
xR s i Linux |Compatible| AX
#ERRE |LoadLeveler|LoadLeveler T:qufle LSF  |LoadLeveler |LoadLevelerlLoadLeveler|  LSF LSF
Bz, A3 Pprai d? oo W AR(FER A REF EREREFE? )
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4.1.1 - % k-means # ¥ * 2 f£;8 in 42
1.$gcc —fPIC —c kmeanl.c —o kmeanl.o
2.%gcc —fPIC —c kmean2.c —o kmean2.0
3.8ld -r —-o KMEAN.o0 kmeanl.o0 kmean2.0
4.$gcc —shared KMEAN.so KMEAN.o
5.$R --save < kmeans.R

6.$qsub job.sh(3% i= R --save < kmeans exe > kmeans.out&)

Flfr2h AR cmBFF ofndps > % I frdHhHIA RO
KA - B sospkenlibrary 8 Refeds 5 5 H B I P FPRE Rehw 4 fio
#%%““6%55?? . HF RFFA o qsubjob.sh Foar @ % AR < o

B AR % 2 Amazon EC2 R & @ * 5.7 hR 7 4

A Ble &R jobsh ehp 7 > AR % - K% 2 784 Sd %
RN EF > FO6F AL TRNF I 1B CPU & 2K 5EEY
FIAMK L F IR ARG RDOHUFM L -

4.1.2 # * OpenMP X {7 & ¥ gt 72

1.$export LD_LIBRARY. PATH=$LD_LIBRARY_PATH:/opt/gcc/4.3.2/

lib64:/opt/mpfr_2.3.1/lib:/optigmp_4.2.2/1ib/

2.%gcc —fPIC —fopenmp —lgmp —c kmeanl.c —o kmeanl.o

3.$gcc —fPIC —fopenmp —Igmp —c kmean2.c —o kmean2.0

4.$ld -r —-o KMEAN.o0 kmeanl.o kmean2.0

5.$gcc —shared KMEAN.so KMEAN.o —fopenmp —-lgmp

6.$R --save < kmeans.R

7.8gsub job_omp.sh(3% i R --save < kmeans exe > kmeans _omp.out&)
% 195 2 L3k 2 gec «n library "= & > F] 3 &R ¥ < gec ik A G oAp
5 TR T gecd2 ik A e EAIEL 7 OpenMP s BB A R
% % Amazon EC2 F R 2 * @ % gdg £ ¥ 243 #H I ALK A S 3 S
0 fhehdp £ > # @ 4 » -fopenMP & -Igmp o & & ] @ * OpenMP iy £ >
% 44 5% El? H_# o #f ~ -fopenMP 12 2 -Igmp # %5 = — 1B so # % 7 library
BR S 5hBAL FERE RDEL f o %64 @Al L8 AR
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3 7 4% 0 qsub job_omp.sh ®oa @ AR R s oooa B AR L E
Amazon EC2 R| & * # 5L 7 hil 74 £
A BT %R job_omp.shehp % - AR % - KhE 2F K8 4o

L BANNLT $ 6 A7 Lzl 7146 CPU % 2K RS

+

oA AR R R R orogee o library R k0 % 3B ZHEF R ARG

o

N

4.1.3 % * MPI T & § chin #2
1.$export LD_LIBRARY_PATH=$LD_LIBRARY_PATH:/opt/mpich/gnu
lib
2.$/opt/mpich/gnu/bin/mpicc —fPIC —c kmeanl.c —o kmeanl.o
3.$/opt/mpich/gnu/bin/mpicc —fPIC —c kmean2.c —o kmean2.0
4.%8ld -r —-o KMEAN.o kmeanl.o kmean2.0
5.%/opt/mpich/gnu/bin/mpicc —shared: . KMEAN.so KMEAN.o0

6.$R --save < kmeans.R
7.$qsub job_mpi.sh(34 7 R --save < kmeans exe > kmeans _mpi.out&)

% 1% 2 E % 2 mpisigec library 3= &> & B 4 F %12 2 Amazon EC2
PRI RE P L 5 23R cmFS o s 0 B YR
& % mpicc hHIFEA LR Y MPlLedn £ > 5 44054 2 L% 0 4 @
K- Bsospkahlibrary 8 ReF vl 5 DA FEFFPRE RPE L Fao
BES 6N A LG RSN GFH 0 gsub job_mpish 7 i i@ * AR R <
Fooom B4R % 2 Amazon EC2 ) £ @ * J2 507 chf 745 £ o

AR Bl &R job_mpissh ep 7 0 AR ¥ - Koy 2 7R84 5
EgBaNHEF %6 AT igm» 516 % CPU» % 2 K5 R
KNP S O SR
(e I

® T mpi o gee library 3= & > % 3 £ 3 477 R e}
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### Job Name

#PBS -N SERIAL_JOB

### Submits the job to the serial queue
#PBS -q serial

### Requests 1 nodes, 1 CPU.
#PBS -l nodes=1:ppn=1

### Output files

#PBS -0 pbs.log

#PBS -e pbs.err

### Declare job non-rerunable
#PBS -r n

# Change to working directory
cd SPBS_O_WORKDIR

# Setting environment variable
P4 _GLOBMEMSIZE=99187896
export P4_GLOBMEMSIZE

echo "Starting on "hostname’ at ‘'date™

###8. To run the program in the batch file

/opt/R-2.9.2/bin/R CMD BATCH /home/username/kmean/kmeansexe kmeans_omp.out
echo -e "Hello! \a \n"

echo "Job Ended at ‘date™

Bl o . jobishoendg & % = &2 p 7.
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### Job Name

#PBS -N PARALLEL_JOB

### submits the job to the default queue
#PBS -q parallel

### requests 1 nodes, and each node has 4 CPUs.
#PBS -l nodes=1:ppn=4

### Output files

#PBS -o pbs.log

#PBS -e pbs.err

### Declare job non-rerunable

#PBS -rn

### Change to working directory

cd SPBS_O_WORKDIR

###Setting environment variable

P4 GLOBMEMSIZE=99187896

OMP_NUM_THREADS=4

export P4_GLOBMEMSIZE

export OMP_NUM_THREADS

export LD_LIBRARY PATH=SLD_LIBRARY_PATH:/opt/gcc/4.3.2/lib64
:fopt/mpfr_2.3.1/lib:/opt/gmp_4.2.2/lib/

echo "Starting on "hostname’ at “date™

###8. To run the program in the batch file

Jopt/R-2.9.2/bin/fR CMD BATCH /home/username/kmean/kmeansexe kmeans_omp.out
echo -e "Hello! \a \n"

echo"Job Ended at “date™

Bl I .job_omp.sh 5 openMP % # & €& p 3
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. ### Job Name

. #PBS -N PARALLEL_JOB

. ### Submits the job to the nd queue
= #PBS -qnd

. ### Requests 4 nodes, and each node has 4 CPUs. Total 16 CPUs.
. #PBS -l nodes=4:ppn=4

. ### Output files

. #PBS -o pbs.log

. #PBS -e pbs.err

. ### Declare job non-rerunable

E #PBS -rn

. # Change to working directory

«  cd$PBS_O WORKDIR

. # Setting environment variable

= P4 GLOBMEMSIZE=99187896

E export P4 _GLOBMEMSIZE

. export LD _LIBRARY PATH=SLD LIBRARY PATH:/opt/mpich/gnu/lib

. echo "Starting on “hostname” at "date™

. ###8. To run the program in the batch file

. Jopt/R-2.9.2/bin/R CMD BATCH /home/username/kmean/kmeansexe kmeans mpi.out
. echo -e "Hello! \a \n"

. echo "Job Ended at ‘date™

Bl - .job_mpi.sh 57 MPIl & 5 % % & p %

4.2 3

i
End
P
Jurt

W
End
@
ﬁ

- A RFRBEAIEE SN SERF R L

é%ﬁmﬂé%kﬁiiﬁwﬁﬁ%ﬁ*%%mﬁﬁoﬂé?%{@%%
PR A AT R AERY o REREREFT - BIRBER L5 FIMH
2
THELHATRAF R I F A mHE P BERFRERE MR
Y F7FRT IR AAR G DS S G E Gl R
[irg

FRBAA)EEDIZTRARRDTRE Ao ™S PR T INARDIRE -
PmZm@Ramt 33 54 AP HKRRg* Amazon (7 EC2 B 4 % &

A BB X & 0 T F % Amazon EC2 griE * 4 10 A )

_16_



4.2.1 Amazon EC2 4 % (Amazon web services)

Amazon EC2(Elastic Compute Cloud) % Amazon #7 B % «n 2 3438 & JR
B A - BREZCEFRBEONETRE N ELERFE -~ BEAH

Fpe BN E P VINEREBRFRR DR BT RETE
FEH - T RE .
1. 2 » Amazon EC2 # Z4c T
(1) t= Amazon web services + v 3-tE 53 6§ » i % + 5

|
(2) % Account i¥ ## Security Credentials->Access Keys

# 7 Create a new Access key » * % 4% Access key ID & Secret
Access key

(3)% % Elasticfox *f4r =~ i & Firebox *

(4)F fx Firebox->:% # 1 & ->Elasticbox(% » § ¥ E 5/ 5 )

(5) & Manage EC2 Credentials 42 % , # »~ "Account Name", "AWS
Access Key", "AWS Secret Access Key*“

4.2.2 % » Amazon EC2#n % % 1 f¥(Amazon EC2 # * # it ¥ =

% » Amazon EC2 .2 #*%

THEE N F 0 s g 04 f Elasticfox +
§o-

7 EC2 e E > &7 kiR Fwa g R THF 4 %> RHE EC2

1 s (7 o

PP

1. Key Pairs(g » EC2 {6 E % 45) °
(1) & Elasticfox + - ¥ # "KeyPairs" » #& T Create a new
keypair » @?] » name > A& 2 name.pem £ T AR E 0 Bt T
[RE
(2)7™ § puttygen B f< {5 - £ #% "Conversion"# & Import key >
i » name.pem - # T Save private key - &% % # 4 ¥ 0. ppk
2. Security Group(f 4§ 03k %) ¢
(1) % Elasticfox + - i% # "Security Groups" » = £ # & T

Create Security Group - ﬁis?l > group name o

_17_



(2)E# =

3. AMI(EC2

(1) &

(2)d

(3)4% ~ #F'wH i Amaonz EC2 4% & <

£ ¥ ¢ group name > + * # 4 T Grant Permission » %

TR P VB4 4 E 0 ¥ A Host/Networks Details 2%

Get My Host Address ¢ » # 7 add > &k &= = o

AR B P )

Amazon web services 5 F - £ # Amazon EC2> & = T 4
i# # Amazon Machine Images(AMIs) °

Fom PeiE otk 0 45 ) ami-78b15411(Fedora core 6) -
ami-c0f615a9(Ubuntu 8.10) » i& & B i F < -] 3
cl.medium > ami-1b9b7c¢72(= %4 R ¥ gcc # Ubuntu 8.10) -

SN ER SRR

m1l.small &2

ml.large ~ ml.xlarge ~ m2.xlarge ~

R ez B Al €
ARET k4o o 2w oenp fokh & Amazonweb services i
T3 FeAl e a A R a CPUY 2Ry €5 974
Bl ooooT LR AR R clgdl ~ CPU & 7 % % S & ﬂ*

P EEREadF |

m2.2xlarge ~ m2.4xlarge ~ cl.xlarge &

=

4.2.3 it % Amazon EC2 6 &
1. 4] EC2 45 E

(1) &

Elasticfox *+ » i # "Images” » ﬁi%l ~ z_ 7 iE 3 e AMI ID > BL
P koh 6 0 4% 7 Launch instance & 4% + 42 % Launch instance

of this AMI » & % 4 #r 3 F 3 - #3iF Launch ¥+ |

i iEhs CPU ECU CEEESTE e Linuz {§1§
{GB ) {GB} {TTSD/HE}
ml.small 17 1 1 160 32 0.085
m1l.large i 2 4 250 &4 0.34
ml.xlarge 15 4 1650 &4 068
m2.xlarge 171 2 6.5 420 &4 045
m2.2xlarge 342 4 13 g2a0 &4 1.2
m2. 4=large 684 a 26 1680 &4 2.4
cl.medium 17 2 3 350 22 017
cl.xlarge 7 3 20 1650 &4 068

.Amazon EC2 erf £ & ¥ £
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(2) & Elasticfox t ¥ % "Instances" - ¥ g | IIAT run s E
(Status %_running 41 & % = ) -
2.3% %_Elastic IP(&% » EC2 # B IP =y ) ¢
(1) & Elasticfox + - if # "Elastic IPs" » #& T Allocate a new
address > p # & 4 — i 7 [P o
(2) % Elasticfox * - i # "Instances” » Bh3iE & 4 §* F 2 [P i
® o #4478 Associate Elastic IP with Instancec & » £ 2%
Associate » T 5 4e ¢ % =]
3.1 4 EC2 % %

il

N

b

A @S EC2 4 B ¥ cng 4l L oputty ik 0 @ i@ﬁ%]ﬁ;

EC2 4% ®etit » chi@ g1 £ 2 WinSCP -

(1) % Elasticfox *+ - i¥ # "Instances" » # + 4 % View Details > 3%
3] Public DNS Name (ex:ec2-....compute-l.amazonaws.com) e

(2) & putty }+ = Host name ii%l ~ Public DNS Name s  4c ¢ 4
Elastic IP

(3) & putty % 8% 8 2L:i%F Connection->SSH->Auth > & Private
key file for authentication i& # Key pair .ppk #§ °

(4~ open’ﬁ%]/\ root » I B o m A o

4. M H EC2 % =

(1) %= Elasticfox + - iF # "Instances" » BLiF & B % {8 B > &

T Terminate Selected Instances » = Z B 8 % = o

(2)4 7 &g » B EE 4 haltdh £ BT RM

4.2. 4 % KXW
1. % % gcc compiler :

(1) % Fedora core 6 # & ! #j »
$yum check-update
$yum install gcc

(2) 2 Ubuntu 8.10 # &  #j »
#apt-get update
#apt-get install gcc
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T : %A Fedoracore 6 # %= + I 145 2% (Error: Cannot find a valid

baseurl for repo: extras)pF » { zz §& j=”/ect/yum.repos.d/”

e
f

T Erepo Ah 0 A G T in

#baseurl=http://download.fedora.redhat.com/pub/fedora/linux/c
ore/$releasever/$hasearch/os/
EEdoN
baseurl=http://archives.fedoraproject.org/pub/archive/fedoral/li
nux/core/$releasever/$basearch/os/
2. % % R(The R Project for Statistical Computing) :
(1) = % perl $x %8
#yum(apt-get) install perl
(2)f# R =B 54
#tar zxvf R-2.10.1.tar.gz
(3% £ R
#./configure #make #make install
3 0 %7 realline library & X11 library > B & £ % £ & & 7 00 4

p
#./configure  --with-readline=no --with-x=no

4.2.5 % % MPI ¥ # % 1 (Official Python Planet@Taiwan)
A% % & Amazon EC2 F 3 3k MPI PC cluster » H 28 3% ) B 4o ™
1.  #=c/etc/hosts » = i Z =4 8 & P ¢ %

B3*x 7 & ®MPI node > #73 fnodeinh/etc/hosts s 7 & i i
master@mpi-1:~$ sudo vi /etc/hosts
master@mpi-2:~$ sudo vi /etc/hosts
BT ) F de T
IP mpi-1
IP mpi-2
2. % %2 X T NFS - & #r3 node 7 £ % 1 master folder
A2 mpi-1 & 5 master
master@mpi-1:~$ sudo apt-get update

master@mpi-1:~$ sudo apt-get install nfs-kernel-server
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o

Iy

®ALNFS P &2 # 4
master@mpi-1:~$ sudo mkdir /mpi
master@mpi-1:~$ sudo vi /etc/exports
i F AT

/mpi*(rw,sync)
master@mpi-1:~$ sudo chown master:master /mpi
master@mpi-1:~$ sudo /etc/init.d/nfs-kernel-server restart
w8 @ g node # §* mpi-1 master folder
master@mpi-2:~$ sudo mkdir /mpi
master@mpi-2:~$ sudo chown master:master /mpi
master@mpi-2:~$ sudo apt-get install nfs-common
master@mpi-2:~$ sudo mount -t nfs mpi-1:/mpi /mpi
% ssh» 2% %4 43 % node z B 12 master tE 5L B 2 * ﬂi?‘] » B
A% F_ 37 3 eV Aoscripts A% %% node p B i
master@mpi-1:~$ sudo-apt-get install ssh
master@mpi-2:~$'sudo apt-get install ssh
master@mpi-1:~$ ssh-keygen -t dsa
master@mpi-1:~$ scp..ssh/id dsa.pub master@mpi-2:~/mpi-1.pub
master@mpi-2:~$ cat mpi-1.pub >> .ssh/authorized_keys
master@mpi-2:~$ ssh-keygen -t dsa
master@mpi-2:~$ scp .ssh/id_dsa.pub master@mpi-1:~/mpi-2.pub
master@mpi-1:~$ cat mpi-2.pub >> .ssh/authorized_keys
RIEE ~ (2% 8~ %48
master@mpi-1:~$ ssh mpi-2
master@mpi-2:~$ ssh mpi-1
% MPICH2
¥ & #& mpi-1 master folder = % - == ¥ ¥
T MPICH2 & 5 40~
http://www.mcs.anl.gov/research/projects/mpich2/
TR E o mpi-1 g/mpi P&
master@mpi-1:/mpi $ sudo apt-get install build-essential
master@mpi-1:/mpi $ mkidr mpich2
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master@mpi-1:/mpi $ tar xzvf mpich2-1.1.1pl.tar.gz
master@mpi-1:/mpi $ cd mpich2-1.1.1p1
master@mpi-1:/mpi/mpich2-1.1.1p1 $ ./configure --
prefix=/mpi/mpich2
master@mpi-1:/mpi/mpich2-1.1.1p1 $ make
master@mpi-1:/mpi/mpich2-1.1.1p1 $ sudo make install
% T PATH % 5 % #%&
master@mpi-1:~$ vi .bashrc
master@mpi-2:~$ vi .bashrc
export PATH="/mpi/mpich2/bin:$PATH"
export LD_LIBRARY_PATH=
"Impi/mpich2/lib:$LD_LIBRARY_PATH"

w5 node ! RIFEAR BT AT AR
master@mpi-1:~$ which mpd
master@mpi-1:~$ which mpiexec
master@mpi-1:~$which mpirun
master@mpi-2:~$ which mpd
master@mpi-2:~$ which mpiexec
master@mpi-2:~$ which-mpirun
% MPICH?2
& #r 3 node * 2 = mpd.conf 2 mpd.hosts
master@mpi-1:~$ vi mpd.hosts
master@mpi-2:~$ vi mpd.hosts
BN F e T

mpi-1

mpi-2
master@mpi-1:~$%$ echo MPD_SECRETWORD=xxx-xx > .mpd.conf
master@mpi-1:~$% chmod 600 .mpd.conf
master@mpi-2:~$%$ echo MPD_SECRETWORD=xxx-xx > .mpd.conf
master@mpi-2:~$% chmod 600 .mpd.conf

fc#> #r 5 node £ mpi service
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master@mpi-1:~$ mpd &
master@mpi-1:~$ mpdboot -n 2
master@mpi-2:~$ mpd &
master@mpi-2:~$ mpdboot -n 2
BArF onode ik A EEE A
master@mpi-1:~$ mpdtrace
mpi-1

mpi-2

master@mpi-2:~$ mpdtrace
mpi-1

mpi-2

6.« £= &
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5. B ¥ W3

Y=Y Yo ) 2 M BRRE - 2 £S5 5 NBEHRAY 51 Bk
A S efl 0}
=2 I ,Jf#’g_,,;;ig; ﬁqfx@,g%,\g{zgiw@{gﬁ,ﬁ

B
PlES €340 > FIpt 3 R J#cy & 7 =

l

JORBES 370 (RO

B4 PHS =)= 2 YlS =i~ £0)

1
F 5 f’?—fg g:tzkfgt@]azié FIF de » 2 BB FWG MO s FF & F BH

£ X = (1X.11X.2, TRELOBELERF HORGES O AP R YR
B el A (generallzed linear models)2 ¥ % S, & x 22 & e 2 55
17;(%)
1, (%)
£ 7,=(2y ) P LEMP R LRk Y
2y = B+, 2 )T M=1- M LR O= F(2,,) -
¥ORURLE G AR AP (NS =17, )~ N(uy (2,).07) 0 °

:umj (Zim) = gmj + Tim Ziml +e Tim ZimL °

log[ 1= Bo; =By X+ + By Xpr £ ¢ j=1.--0-1

FIpb o e A B RSBl o ER b BRSO fi (Y Yu 12) = Hf(ym|z,m)

Huang, Wang & Hsu (manuscript) #% & f]* ~ ¥ L2 {7 H B L EH D
bt e Al T ER S ZEY A A F o k-means ~ FE 2 2 0 K
o MR BI R e R AP R Gl X R B B REHEHF A MAEe P B EF
Bl - HOd W E P LB PRI B BREGINELEN
SAL G ¢ Rl LB THLFE W“*Eﬁ/ﬂ\*‘?ﬁfﬂmxgﬁqﬁ °

APLAN G SERPI RSP RS EFREE ¥ - 0 TARR
BlEz Fak 22 2 EeL s R Y DRME > 2SR 22 R HEL

g E Y, B Y, A2 P
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J
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j=1
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NKLAE 5 3 F 4 2 = K #
Nk2.# % 4> 4445 B FARFSH I & ¥ 8 Lol @2 %7 A fe
24 b Lol EnHEMY g TR AR RIS A B EH

P S

Nk3.5 AR 7 nk2 2 3| 2MF R ¥ X3 # &

B

Updated k-means & # = j ¢rig B i3 .
UKL AE 48 3T 4 2 = K$#

uk2.i@ * 4= 453 §8 ¥ 5

=
R}
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A
&
oy

¥ Lol 2 s A e
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r."
23 5 Lol EendEad o5 FRER SRR A E L
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\
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¥
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5
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L
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MERE _#FRet (ACO\-._ + AC.O\: ¥ ACo¥®)/3 = LoI®
o a
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6. F % % %

6.1 &% FH

FR/RFAMARp R AFLREIFRS K E S DL (van’t Veer and
other,2002) - 78 + # & & bbb k = + F 3 S HBIF VA Fla L F LA P
C AR T IO VRS a5ﬁ@;4&%@&*<ﬁwz%g’ﬁ&.
FROTEEL8TE) > T3 tpt adERFG EBHHITHR LG
RF e BHRAFLAPFEFOTIOLES 2.0 F) PR 2 BE
d FRAFEZRENTHEE » Hied RLAFAFART B N LIl ER
m p-value * 2 AFEZMEDL R > Higdx | A4 L B AL o

HHAFALZRELAIDFEZFFTEREDRLFR ¥ EL - B

FRBEDFTR o FI G R BT

7

4o k-means & B 2 2 E 2 G A IR ¢
RESOFT R EAARRE R A REFT LT S H e TR
# B o K-nearest neighbors(KNN)= 2715 22 @ #f # ehp 3+ B & > KNN
EArEH AR A FE e TRk E AT bl A& 1 P AT A
F/E > AP KNN 2 2 & I ddgsk 23 N2 &fpinean KB AT
PNFREOE B NEKRE AR ] P ZAFEARE DTS
B2 Rkl AFAATRAEE-HPEL 55 BAFE LT A

AR R oAXdp v H R £ A% g e
BEFELES BRI EFERT] 0 F - H IR 24481 B A FIE P 4741 A
Flo B R PR AFAREY 3 2 8003 0.5 (LFEARES ) > & EP
AF 4 RE LR o P-value /) ** 0.0&;@"&%@3%%1@%? T A A 7
oA ARENRFLEBPAT FoHF o APy 2T LB
P T2 fegnt F kiE B A %] (Dudoit and other,2002) - #

o

g =t

ZZ I (d| = C)(Vom _V-m)2
}:}ZI(d-—chm Von)’

BW(m) =

ﬂﬂmﬁi%i%ﬁi$m%%ﬂ%m§%w$’¢é$i%ﬁ$@%ﬁ
RIS TR gt Y, A BT CTERIFESDE M BAFLARL LT
2oy R RADE MBAFAREZ T A PR PENF P ES
B A Flean BW it F 2 38 ) BW st S+ enfl F10F 5 Jo3) 97 * a4 o
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6.2 AR EFF

6.2.1 OpenMP & & % %

A0 4741 B AL FIE S BW v F g X a0 70~500 B A F)iT L A FH O F R
FROHEHZBIRDOTREBERAGFAES RS AT B Kk-means & FH 2 2
TEEEPLE s R FAERY BW v Fh 0 70 B A Fl i 2 BB
B AP J‘J.Tf-, F] Non-updated k-means 4 % = ;2 ehif i = #cf Updated
means & ¥ > 2 5 5 FIMRARGFERFLS KA LA B E AL HE

% s - Ko X ¥ openMP T {7 iE B ochfr st ARG P AR chg b
BB+ - ~B+ 7@ * BV a0 100~500 @ A4 5] > 2% 2 3 3 ELR
BEA% 5 > & % openMP T {7:iF & g F ,@j% C F M F R FA LS Rt §
IF R i TR AN H S R s b - Pl P o

BEFAPFRE- £ A Amazon EC2 ehi A R B » & T (76 {8
AR AR AR RNEFHERERE AP LLAL G T 2 FTRERR

A AR o 1 RE 2 fehd B oo

",f g2 ¢h o B+ - g Non-updated kK-means 4 ¥ 2 jE > F] A v = S
503 Rt & o.m B - I % Non-updated k-means & # = 2 » F] 5 B

~

Pl EE S o 4 gjég\lge:},%fgz oo Tt Bogpa ﬁﬁ:ﬂ—g_mﬁ_—\ v B A% R
H e ga'hﬁ’iﬁi\?—ﬁ # % B P e Amazon EC2!

Linux g4 CPU g sciEd A=
(EPNG L Fedora 12 | AMD Opteron 275 Dual Core 2GB
(4 CPU)
B N Fedora Intel(R) Core(TM) 2 Quad CPU 8GB
Formosa (4 CPU)
i B Ubuntu 8.10 EC2 Compute Units 15GB
Amazon EC2 (4 CPU)

24283 F TGRS A AR
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B+ -. i&"* openMP ¥ data=200. & (7 pF & Hl

data=3006 [ &5 &

T

E A E R

Mon-updated k-means
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Updated k-means
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BE s

il

Amazon EC2

B+ =.i# * openMP ¥ data=300 & (7 f& ¥
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A g &Y APt A Amazon EC2 B # T % % % MPI (R 3
A A (T k-means A FH G G BB AEMAEN T MPI T FEE ch R 3 o
7_‘+_4.2.5§p€fw‘ o A 2 ] A Amazon EC2 & # 7 " ¢ 2 % MPl 42 & »
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Amazon EC2

Data=70

Non-updated
k-mean

kmeans interations= &
3 classes of sizes 39, 23, 16
Time difference of 5071607 secs
user  system elapsed
4997 0075 5072
Time difference of 5.030866 secs
user  system elapsed
40959 0071 5.031

kmesns interations= 6
3 classes of sizes 39, 23, 16
Time difference of 7486753 secs
user  system elapsed
T420 0036  TA87
Time difference of 7.477474 secs
user  system elapsed
7420 0056 7478

kmeans interations= 6
3 classes of sizes 39, 23, 16
Time difference of 3.862151 secs
user  system elapsed
3.820 (040 3862
Time difference of 3.863628 secs
user system elapsed
377 0090 3.364

Non-updated

kmeans interations= &
3 classes of sizes 39, 23, 16
Time difference of 1.958733 secs

kmeans interations= 6
3 classes of sizes 39, 23, 16
Time difference of 2.652442 secs

kmeans interations= 6
3 classes of sizes 39, 23, 16
Time difference of 2.350198 secs

uset system elapsed
6303 0075 2280

user system elapsed
595 0112 314

k-mean user  system elapsed user  system elapsed user  system elapsed
for 5177 0098 1959 7292 0096 2653 3708 0118 2350
openMP Time difference of 2.103989 zecs Time difference of 2.646764 secs Time difference of 2.547828 secs
user system elapsed user system elapsed user  system elapsed
5424 0104 2104 7292 0096 2.647 3808 0069 2547
kmeans interations= 4 kmeans interations= 4 kmeans interations= 4
3 classes of sizes 39, 23, 16 3 classes of sizes 39, 23, 16 3 classes of sizes 39, 23, 16
Updated Time difference of 3.437728 secs Time difference of 5.536404 secs Time difference of 2.891682 secs
k-mean user  system elapsed user system elapsed user  system elapsed
3367 0069 3438 5500 0032 5537 2824 0070 2391
Time difference of 3.441851 secs Time difference of 5.529854 secs Time difference of 2.88459 secs
user system elapsed user system elapsed user  system elapsed
3375 0066 3.442 5476 0048 5530 2861 0030 2:385
kmeans interations= 4 kmesns interations= 4 kmeans interations= 4
3 classes of sizes 39, 23, 16 3 classes of sizes 39, 23, 16 3 classes of sizes 39, 23, 16
Updated | Time difference of 2.154437 secs Time difference of 3.098882 secs Time difference of 2.499721 secs
k-mean user  system elapsed user  system elapsed user  system elapsed
for 6059 0050 2155 5832 0092 3.099 2660 0053 2.500
openMP Time difference of 2280044 zecs Time difference of 3.141108 secs Time difference of 2.493003 secs

user  system elapsed
1148 0070 2.493
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Data=100

Non-updated
k-mean

kmeans interations= &
3 classes of sizes 38, 24, 16
Time difference of 9.98927 secs
user  system elapsed
9764 0107 9989
Time difference of 9.792687 secs
user system elapsed
9659 0133 9792

kmeans interations= 6
3 classes of sizes 38, 24, 16
Time difference of 15.22142 secs
user  system elapsed
15072 0120 15221
Time difference of 15.21041 secs
user  system elapsed
15068 0116 15210

kmeans interations= &
3 classes of sizes 38, 24, 16
Time difference of 7.980843 secs
user  system elapsed
7.663 0070 7981
Time difference of 7.774865 secs
user system elapsed
7698 0070 7775

Non-updated

kmeans interations= &
3 classes of sizes 38, 24, 16
Time difference of 4.083199 zsecs

kmeans interations= 6
3 classes of sizes 38, 24, 16
Time difference of 7.205465 secs

kmeans interations= 6
3 classes of sizes 38, 24, 16
Time difference of 4787725 secs

user system elapsed
13179 0093  4.744

user system elapsed
11640 0128 8564

k-mean user  system elapsed user  system elapsed user  system elapsed
for 10373 0163 4.083 14960 0132 7.295 7667 0135 4787
openMP Time difference of 4236732 secs Time difference of 8.538599 secs Time difference of 5.022707 secs
uset system elapsed uset system elapsed uset system elapsed
10588 0168  4.237 14904 0060 8539 7560 0138 5023
kmeans interations= 4 kmeans interations= 4 kmeans interations= 4
3 classes of sizes 38, 24, 16 3 classes of sizes 38, 24, 16 3 classes of sizes 38, 24, 16
Updated Time difference of 6.88574 secs Time difference of 11.19354 secs Time difference of 5.762734 secs
k-mean user  sysiem elapsed user  system elapsed user  system elapsed
6.803 0081 6.886 11128 0052 11.193 5691 0080 5763
Time difference of 7.866901 secs Time difference of 11.20091 secs Time difference of 5.759904 secs
user  sysiem elapsed user system elapsed uset system elapsed
1764 0100 7.867 11084  0.000 11201 5671  0.090 5.760
kmeans interations= 4 lomeans interations= 4 kmeans interations= 4
3 classes of sizes 38, 24, 16 3 classes of sizes 38, 24, 16 3 classes of sizes 38, 24, 16
Updated Time difference of 4.653305 secs Time difference of 8.331152 secs Time difference of 5.47492 secs
k-mean user  system elapsed user  system elapsed user  system elapsed
for 12966 0.097  4.654 11648 0108 8351 5577 0085 5475
openMP Time difference of 4.743853 secs Time difference of 8.563835 secs Time difference of 5275207 secs

user system elapsed
6463 0118 5275
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Amazon EC2

Data=200

Non-updated
k-mean

kmeans interations= 5]

3 classes of sizes 39, 22, 17

Time difference of 7.683493 mins
user  system elapsed

454700 5.572 461.009

Time difference of 7.662514 mirs
user system elapsed

454032 5244 459.751

kameans interations= 51

3 classes of sizes 39, 22, 17

Time difference of 3.66743 mins
user  system elapsed

217445 2,600 220.046

Time difference of 3.677179 mins
user system elapsed

217.623  2.800 220,630

Non-updated

kmeans interations= 51
3 classes of sizes 39, 22, 17

Time difference of 2.082480 mins

kmeans interations= 51
3 classes of sizes 39, 22, 17
Time difference of 2031848 mins

user sysiem elapsed
56880 (0316 17.066

user system elapsed
527931 0636 25609

kk-mean user system elapsed user system elapsed
for 447632 8.620 124949 219059 6167 121911
openMP Time difference of 2076698 mins | Time difference of 1.934487 mins
user  system elapsed user  system elapsed
447551  B.468 124,601 218909 6437 116070
kmeans interations= 3 kmeans interations= 5 kmeans interations= 5
3 classes of sizes 40, 21, 17 3 classes of sizes 40, 21, 17 3 classes of sizes 40, 21, 17
Updated Time difference of 32.02866 secs Time difference of 51.4201 secs Time difference of 25.14705 secs
k-mean user sysiem elapsed nser  system elapsed user  sysiem elapsed
31679 0340 32029 30519 0640 51420 24322 0330 25147
Time difference of 28.96982 secs Time difference of 51.06895 secs Time difference of 25.16046 secs
user  system elapsed user system elapsed user  system elapsed
28630 0336 28969 50,527 0492 51.069 24742 0369 25.161
kmeans interations= 3 kmeans interations= 5 kmeans interations= 5
3 classes of sizes 40, 21, 17 3 classes of sizes 40, 21, 17 3 classes of sizes 40, 21, 17
Updated Time difference of 17.19106 secs Time difference of 25.7224 secs Time difference of 20.30121 secs
k-mean user system elapsed user system elapsed user sysiem elapsed
for 57020 0306 17.191 52875 (0604 25722 24512 0207 20302
openMP Time difference of 17.06588 secs Time difference of 25.6091 secs Time differsnce of 23.76982 secs

user system elapsed
24505 0110 2377
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Data=300

Non-updated
k-mean

kmeans interations= 7
3 classes of sizes 29, 32, 17
Time difference of 1.396728 mins
user system elapsed
82543 1233 383804
Time difference of 1.61341 mins
nser  system elapsed
95426 1.351 96.804

kmeans interations= 7

3 classes of sizes 29, 32, 17

Time difference of 2.470043 mins
user system elapsed

146.841  1.336 148.202

Time difference of 2.469977 mins
nser system elapsed

146.805  1.368 148.199

kmeans interations= 7
3 classes of sizes 29, 32, 17
Time difference of 1227424 mins
user system elapsed
72079 L5350 73645
Time difference of 1.228795 mins
user  system elapsed
72101 1630 73727

Non-updated

kmeans interations= 7
3 classes of sizes 29, 32, 17
Time difference of 2769056 secs

kmeans interations= 7
3 classes of sizes 29, 32, 17

Time difference of 43,6328 secs

kmeans interations= 7
3 classes of sizes 29, 32, 17
Time difference of 44.03862 secs

user  system elapsed
85.350 0493 26,047

user system elapsed
73156 0924 56200

k-mean user system elapsed user system elapsed user system elapsed
for 88380 2,088 27.690 145121 2860 43.633 72050 2361 44038
openMP Time difference of 27.61994 secs Time difference of 44.03856 secs Time difference of 40.19318 secs
user system elapsed user system elapsed user  system elapsed
88.251 2042 27620 145.225 3616 44.038 73441 1984 40.194
kmeans interations= 3 kmeans interations= 3 kmeans interations= 3
3 classes of sizes 29, 32, 17 3 classes of sizes 29, 32, 17 3 classes of sizes 29, 32, 17
Updated Time difference of 40.7871 secs Time difference of 1.173537 mins Time difference of 35.5649 secs
k-mean user  system elapsed user system elapsed user system elapsed
40,153 0623 40.788 69.696 0700 70413 34739 0822 35565
Time difference of 47.2784 secs Time difference of 1.172719 mins Time difference of 35.54702 secs
nser  system elapsed user system elapsed user  system elapsed
46525 0731 4727 69.828 0520 70363 34853 0700 35547
kameans interations= 3 kmeans interations= 3 kmeans interations= 3
3 classes of sizes 29, 32, 17 3 classes of sizes 29, 32, 17 3 classes of sizes 29, 32, 17
Updated Time difference of 24.266 secs Time difference of 53.53604 secs Time difference of 30.72546 secs
k-mean nser  system elapsed nser  system elapsed user  system elapsed
for 78571 0525 24.266 73168 0992 53.536 36445 0506 30.726
openMP Time difference of 26.04723 secs Time difference of 56.20978 secs Time difference of 2582004 secs

user system elapsed
39227 06328 25820
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Data=400

Non-updated
k-mean

kmeans interations= 8

3 classes of sizes 26, 35, 17

Time difference of 3.300604 mins
user system elapsed

180.515  3.473 198.036

Time difference of 3.403863 mins
user  system elapsed

182601  3.348 204.231

kmeans interations= 8

3 classes of sizes 26, 35, 17

Time difference of 4.970054 mins
user system elapsed

295206 2.988 298.204

Time difference of 4.970812 mins
nset  system elapsed

295.158  3.088 208.249

kmeans interations= 8

3 classes of sizes 26, 35, 17

Time difference of 2466033 mins
uset system elapsed

144754 3.200 147.962

Time difference of 2464888 mins
user  system elapsed

144673 3.221 147.894

Non-updated

kmeans interations= &
3 classes of sizes 26, 35, 17
Time difference of 1.148515 mins

kmeans interations= 8
3 classes of sizes 26, 35, 17

Time difference of 1.435571 mins

kmeans interations= 8
3 classes of sizes 26, 35, 17

Time difference of 1.420487 mins

k-mean user  system elapsed user  system elapsed user  system elapsed
for 174785 6447 G6B911 293562 T7.004 B6.134 145462 4728 85229
openMP | Time difference of 1162474 mins | Time difference of 1439072 mins | Time difference of 1481086 mins
user sysiem elapsed user system elapsed user system elapsed
174033 5958 69.749 293930 6A.8R4  B6.3d4 145597  4.8290 B88B63
kmeans interations= 3 kmeans interations= 3 kmeans interations= 3
3 classes of sizes 26, 35, 17 3 classes of sizes 26, 35, 17 3 classes of sizes 26, 35, 17
Updated Time difference of 1.313125 mins Time difference of 2.048304 mins Time difference of 1032571 mins
k-mean user  sysiem elapsed user  system elapsed user  system elapsed
77373 1348 TR788 121.607  1.276 122.8%9 60879  1.070 61.954
Time difference of 1.179180 mins Time difference of 2.049078 mins Time difference of 1.031569 mins
user  sysiem elapsed user  system elapsed user  system elapsed
69459 1275 70751 121.643  1.280 122945 60531 1.361 61.894
kmeans interations= 3 kmeans interations= 3 kmeans interations= 3
3 classes of sizes 26, 35, 17 3 classes of sizes 26, 35, 17 3 classes of sizes 26, 35, 17
Updated Time difference of 41.5224 secs Time difference of 1.006742 mins Time difference of 39.32278 secs
k-mean user  system elapsed nser  system elapsed user  system elapsed
for 139.552 2434 41523 126651 1244 60404 63346 0353 39323
openMP Time difference of 42.23259 secs Time difference of 1.009029 mins | Time difference of 42.40546 secs
user  system elapsed user system elapsed user system elapsed
139404 3.128 42233 126435 1316 60542 638.551  1.365 42405
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Non-updated
k-mean

kmeans interations= 8

3 classes of sizes 27, 37, 14

Time difference of 7.761284 mins
user  system elapsed

460300  5.336465.677

Time difference of 7.75623 mins
user system elapsed

460.084 5292465374

laneans interations= &

3 classes of sizes 27, 37, 14

Time difference of 3.816521 mins
user  system elapsed

224086  4.910228.991

Time difference of 3.81692 mins
nser  system elapsed

224284 4.730229.015

Non-updated

kmeans interations= 8
3 classes of sizes 27, 37, 14

Time difference of 2.170563 mins

kmeans interations= 8
3 classes of sizes 27, 37, 14
Time difference of 1.911909 mins

user system elapsed
215512 4238 63523

user system elapsed
196448 1716 92952

k-mean user  system elapsed user  system elapsed
for 449.708 8400130233 226075 T.B52114.715
openMP Time difference of 2.179763 mins Time difference of 2.732940 mins
uset  system elapsed nset  system elapsed
440616 8.764 130.786 224506 9.134 163.977
kmeans interations= 3 kmeans interations= 3 kmeans interations= 3
3 classes of sizes 27, 34, 17 3 classes of sizes 27, 34, 17 3 classes of sizes 27, 34, 17
Updated Time difference of 1.850365 mins Time difference of 3213469 mins Time difference of 1.593715 mins
k-mean nser  system elapsed nset  system elapsed nset  system elapsed
109061 1934 111.022 190.531  2.268 192.808 93.766  1.B6D 95623
Time difference of 2.003627 mins Time difference of 320747 mins Time difference of 1.595637 mins
user  system elapsed user  system elapsed user  system elapsed
118.152 2045120217 190259 2.164 192.448 93716 2020 95738
kmeans interations= 3 kmeans interations= 3 kameans interations= 3
3 classes of sizes 27, 34, 17 3 classes of sizes 27, 34, 17 3 classes of sizes 27, 34, 17
Updated Time difference of 1.046877 mins Time difference of 1.545340 mins Time difference of 1056813 mins
k-mean user system elapsed user  system elapsed uset  system elapsed
for 214.635 3545 62813 196.208 1.784 92.721 106173 1642 63409
openMP Time difference of 1.058719 mins | Time difference of 1.549201 mins | Time difference of 1.010068 mins

user system elapsed
106014 1,744 60604
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