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A study on metadata based data access system
for parameter sweep applications

on the wide area distributed environments*

Minoru Tkebe

Abstract

Users contributed greatly to the development of science technology to run large
scale scientific simulation on the wide area distributed computing environments
as the grid computing or the cloud computing. An enormous amount of data gen-
erated by scientific applications on the grid or the cloud computing were output
to storages distributed on the Internet. Still to find out a target data is difficult
for users applying the data access method by traditional hierarchical namespace
to the grid and cloud computing environments. If a user shares data with other
users, the cost of data access for other users is high. The cost of data access
means to find the target data from a huge amount of data. Metadata is useful
to represent the characteristics of data. Meanwhile if users can access by the
characteristics or semantics, they can specify the target data intuitively. In this
thesis, the author propose a wide-area distributed metadata management sys-
tem, MetaFa, (Metadata administration Factory) which enable users to access
data and collect the metadata by such characteristics and semantics especially
automatically and efficiently for parameter sweep applications. MetaFa system

can acquire the metadata in real time while keeping an I/O performance of the

*Doctoral Dissertation, Department of Information Systems, Graduate School of Information
Science, Nara Institute of Science and Technology, NAIST-IS-DD0661001, March 17, 2011.
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application on a worker node. Also, the MetaFa can manage a variety of appli-
cation metadata without the application metadata schemas.

Furthermore, I propose PVN-FS (Personal View Namespace File System) which
enable to flexible data access based on characteristics and semantics of data.
The PVN-FS is enabling to mount original namespace on user’s file systems.
I implemented a prototype of my proposal system to evaluate an effectively of
MetaFa/PVN-FS. Finally, I discussed about a possibility of MetaFa/PVN-FS
being applied to the flexible data access method using metadata on the wide-area
distributed computing environments.

I realized two purposes in my research. First, MetaFa enable to collect/manage
the metadata in wide-area distributed environments. Second, PVN-FS enable to
flexible data access using semantics of data. My research contributes to realization
of I/O architecture based the metadata for parameter sweep applications in the

grid environment.

Keywords:

Metadata, Grid computing, Cloud computing, File system, Data gird, Parameter
sweep, Workflow
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APPLICATION TABLE astro3d RUN TABLE

id [ name host exe file owver | parameters runid | nproc | dimZ | dimY | dimX | time | performance
1 | astro3d | aixdev | /astro3d.exe | myid int,int,int 1 4 128 16 32 ty T,
astro3d DATASHT TABLE astro3d PARTITION PATTERN TABLE
name runid | accid accid | num | ndims | dimension type pattern | amode | runid
temperature 1 5 pp— 3 5 2 3 1281632 float BBB create 1
pressure 1 5 _dommmmmmm T >6 1 3 12816 32 | double B** append 1
rho 1 6 —q===""""
\ astro3d EXECUTION TABLE
run id act dataset iter # stgid offset max min
1 write temperature 2 1 0 123.4 -56.7
1 write pressure 2 1 262144 456.7 -11.2
1 read temperature 6 1 524288 89.1 -2.3
1 write rho 4 2 0 12.3 -567.8
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4.4.5 MetaFa-AA
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struct
char
char
long
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Listing 4.1 "MetaFa-AA’s header file”
MetaFa-Data{
*filename;
*hostname ;
inode;

dataid;

struct MetaFa-Data *next;

}

// prototype declaration
struct MetaFa-Data findbymd ();

Listing 4.2 ”Usage of API”
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#include"metafa-aa.h"
int main(int argc, char *argv[])
{

struct MetaFa-Data metafa;

metafa = findbymd (argv);

while ((metafa->next) != NULL){
fd = open(metafa->filename);
close (fd);

metafa->next++;
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oooooooooobz2oe00000000000000 0400 0004MetaFa-
MMSODOODOOOOOOMetaFa-MMSODOODOOOOOOOOODOODOO
gobboooobbbuodbblpremount U0 UOOO0ODOO0OO0ODOO0O
ggbboobuoogbobbod

10b0boggoboboboooboboboooobbbuoobooboboooon
O000UNIXOOOOO (catOgrepOseddawk) 00000 OPVN-FSOO OO
O000O0Ofsepy0 0000000 O0OO00OO sttp.pyDSSHFSOODOOODOO
gbogbboboobboobuoobobobobbobobooboobobobob
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minoru-i@blackjack:/pvn$ pvn_mkdir.py dir_1 'uid_name = inet-lab’
minoru-i@blackjack:/pvn$ 1s

d2 d3 dir_1

minoru-i@blackjack:/pvn$ cd dir_1/
minoru-i@blackjack:/pvn/dir_1$% 1s

cabin.c odtest.c tchtest.c villa.c
debian-501-i386-DVD-1.1iso0 registry.c tctdb.c vista.c
debian-501-1386-DVD-1.iso0 relic.c tctmgr.c vlitsv.c
debian-501-i386-DVD-1.iso tcbtest.c  tcttest.c xmlrpc_server_cgi.c
hvmgr. c tcfdb.c tcucodec.c xmlrpc_struct.c
md5.c tcfmgr.c tcutest.c

odeum.c tcftest.c  tcutil.c

odidx.c tchmgr.c timer_count.cpp

minoru-i@blackjack:/pvn/dir_1$% I

0 5.4 pvamkdirpy 00000000000

gobobooodbobooobobooobobooobboobbooobboo
0000000000000 0000000000000 sshfs/sftp.py00 00
OO000o0boooooooooboobooooonog sttp.pyd SSHESO PVN-FS
gbosb0b0o0gooboobouoaobn

e cat ruby.c
e grep int array.c
e sed -e 's/rb/py/g’ file.c

e awk 'BEGIN{sum=0}{sum+=$1}END{print sum/NR}’ data8.txt

catOgrepUsed OO DOOOOO0ODO RubyO OO DODOOOOawkO DO OOO
dataS8txt OO0 OO0 1000000000000 O0OO0OOODOOOOOOOO
gboobooboobooboobs3bbouobuoobooboobod
O0o00obDoo0oobOolboboboOoboOobOlOGigabit Ethernet DO OO OO
RITOODO O032000000000000O000O 50000

PVN-FSOOOSSHFSOOOOOOOOOOOODOOoOoooOoooooobooo
O00premount 0000000 OOPVN-FSO SSHFSOOOOOOOOOO
O0000OsftppyO0read)D0000O0O SSHOOOOOOOOOOOOO
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053 0000000d0gn

ooogo 00 ooooogoo
ruby.c 18550 42KB
array.c 3887 0 95KB
file.c 4823 [ 108KB
data8.txt | 100 O 370KB

ODO000O00O0OUopen0000OO0OsttppyD00OO0O0DODODODOOODDOO
ODOooboOobgoooooSsHOoooooboooobobooooooooo
OO00000bD0O0b0o0obo0oooobDOoO0n SSHESOPVN-FSOOOODOO
OO0000D00000OSSHFSOPVN-FSOO 100000000 DOOODODO
gogobboobobobobobbbodgoooo200bbbobobboooooon
gboboooooooboboboobobobbbawkO0OOOO0oOoOoOoODOODOO
OobooobobooO0oobooobooogsSsgrSoboooooooooooonoog
ooobDOoSSHFSOOooobDooooooooooooocpiboobooonoO
O00obO0DbO0obOOo0oOo00o0o0o0ob0bO0bOboDOPVN-FSO SSHFSO DO O
gobbobddUlpremount U O OUOO0O0DO0OOUOOOOOOOOOODOOO
0000000000000 00000O000000O00OSSHFSOO0oooI/o
gobbbooogbbbodo
200b00b0obo0olgobobooboobooRrRITUODOODOODO
ooodbooobooobobobooDooboo0ooogDOoPVN-FSOODOOODOO
gbobogbboooboboooobbuooobboobboobobooobboo
gbobbogbobogbouogboobobooboobboobobuooboobDbo
gooooboboooobobooob 200bbooobboobbooon
O00000D00O0OD00O0O00000 Anue Systems DO O0O0000O0O0OODO
oo GeMOOOoooooooooooobooobooooooooooog
gbboouboooobooobobuoobbuoobbuoobobbodobbosed
godolgooosboboboblogodggosotodglooooodg2oo0oggn
gbhobooobobooobuoobobuobobobOog RITOD pingoo0
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O R DEFTHRE D LB

0.6

0.5

o
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=
m
#F 03 W sftp.py
'\t sshfs
K H pvnfs
0:2 B |ocal disk

cat grep sed awk
E£1TLza< Uk

gss5 dbbobougagoooo

oobogbborbooolr3goooss3bbbolosgnooosotnonn
100300002003000000000 5.605.705.8059000000000
O0000D00OD00O0RTTOODOODOOODOO catd grepdsedd awk 0 0O 0O O
oboobbobobobooob lsgbbooboboobobobsioobobon
OboooooogooboOoRITOOODOOODOO sObO0oO0bOOoobooOoOoobooD
Os100000000000b0o010oob0oooobCsttppy 00000
gboobooboobo RTTOLDOODOODOOODOODOOODbDOODOOD
SSHFSOPVN-FSOOOODOOODOOOOOODOODORITODOODOODODOO
gboogbbgo200bdudgbooobuogbuogbobogobbobobobo
OO000ORTTOODOOOOOOLOOODOO0OO0OOO00DOO000ODOO00D0O0 catO grepd
sedDawk 000000000 OCOODOOOOSSHFSOOOOOODOOOOOO
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RTTOIEMIZ & HINIBEFR D ZE {E(cat)

w

N

N

ST (7))

\

o
n
|
I
Q
[

o

0.321 0.699 1.292 5.279 10.302 50.857 100.289 200.294
DSAT DD ITPA LY —/IAADTEHRTT(SY )

==sftp.py sshfs =f=pynfs

0 5.6 RTITOOODOOOOOOOOOOOOO (cat)

OPVN-FSOOOOODOOODODO nN8OODOOO0OOOoOOobOOOoDOn
OO0DOo0o0O0obooOobDOoOoboOobobOs10b00n0s0ODbOo0nOosttp.py
gbobooboooobuooRITO0gbOOobOo0bobOoboobOooDoboon
SSHFSODUOOOOOO RTTOODODOODOOOOOOODOODbOOoOOoOoogoo
gbboubddbgetattr U0 0000000 OO0O0O0OO0OOO0ODOOOODOO
O00b0oO0o0oOobooOoOoossHrpsoooooooooooboooboobooooo
O000D00O0OSSHFSOOODOOoOooOOooOoooooboooobooooooo
O0ooooDoo0oOooooOoo0ooDOoobDOO0PVN-FSOO PVN-FSOO
gbobooobobogobbuooobuoobbooobbooobooobboao
O00obO0DOoDOooOo0o0oo0ooOPVN-FSOO sOODOOORTTOOO
gobbboogoobobboooobobooogboon
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SEATRR()

©
n

RTTOEMIZ KSR D ZE{E(grep)

»

\r

N

N\

N

Jany
= (9]

M
—ttir— : : : ‘

0.321 0.699 1.292 5.279 10.302 50.857 100.289 200.294
DSAT DT 7A Y —IA~DERTT(SVE)

o

==sftp.py sshfs =#=pvnfs

057 RTITOOOOODOOODODOOOOOOO (grep)

SEATRR(FD)

RTTODIENNIZ & 2R D ZE L (sed)

0321 0.699 1.292 5279 10.302 50.857 100.289 200.294
DFAT DT 7L —ISADFHRTT(SYFD)

=o=sftp.py sshfs =fe=pvnfs

058 RITOOOOOOOOOOOOOOOO (sed)
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RTTODIENNIZ L DI FFR D ZE L (awk)

12
10 /
2 ° /
% o
= /
'B'K 4 /
2
7~
7 v A
0 ‘*E T Ibw ; T Ay T LY T - r! 1
0.321 0.699 1.292 5.279 10.302 50.857 100.289 200.294
DSAT DS ITFAILY—ISAADFEHRTT(SU)
=o=sftp.py sshfs =f=pvnfs
059 RITOODODOOOOOODODOOOOOOO (awk)
RTTOEMIZKBIsTHOSRBEROZEIL
. /
4‘;,\“
i
-ﬁ‘ 1 ! }
'B'K Y, 7' 7= 7= o 7' s L Y
0.1
0.01
0.12 0.56 1 5 10 50 100 200

DSAT DD IT7A I —ISADEHRTT(SV )
*=sftp.py “*sshfs =*pvnfs

0 510 RTITOOOOOOOOOOODOOOOO (ls)
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5.7. PVN-FSO OO

ooooooboobooboboOg PVN-FSOODOODOO

5.7.1 PVN-FSO I/O00 0O

0000000000000000000000 PYN-FSOOOI/o0000O
OO0o00oO0oooboossgpstoogboooooooooooooooonDn
000 RTTOOOOOOODOOSSHFSOOOOO I/JoOODDO0OO0O0OoOoOoOod
Oboo0oo0ooooDooRTTOOOODOODODOOSDOODOODOOOO
O00000000OO00OOSSHFSOOOOooooooooooOolsgboboo
O0000Db0O000O0DO00oOoOobOoOoboOoboOoOSsHFSsoooooooDooo
OO0DO0o00OO0oDO0o0o00b0OoODRITOODOODOODOOOODOPVN-FS
o0 PVN-FSOOODOODOODOODODOODOODOODOODODOO
Oobooobooooooob0ooo0obD0oOoooOo0O0OOgPVN-FSOO IsOO
gobooobooodgRTTODODODOOODLODOODLDbDOOODOOODLDOO
O SSHFSOOOOOOOOOO0O0O0oOoOooooooIl/joooo PVN-FSOOO
O00000OsftppyD SSHFSODOODODOOODOOODODODOODOOODODOO
gobboooobbtoooobboooobbbooobbboobobboo
gbboggbbuoobboboboboobbuooobboobbooobbao
OooooooboboooboooooPVN-FSOOOODOODOODOODO
gboboodgboogbbuogobbooobbooobbobobooobboo
0000000000000 0000PVN-FSOODOSSHESO sftp.pyd 0000
gbobgooooobobooboobgobobuooboboobobobod
gobbbouoodgbbbooogbn

OOoboOooobooPVN-FSOOODOOOOOOOODOOOOooooooooo
p400000D0O0DbObLODbOO400DbODLODODODODODODODOOD
gobboboooobbbuoooobbooon
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5.7.2 PVN-FSOOOOOODODOOOoOooOOoO

PVN-FSOOOOOOOOOOOOOOODODOOOOOOO0OO0O0O000oooo
OO0000SSHFESOODOOOO premount 0000000000 O0OO0OOO
OO00oO00oooobooooooooogno SSHFSOOooooooooooo
O00000000000000000000D000UNXOOOOooOoo (0oo
00000000000 000o0o0oOooOoOooOO)oooOOoDoOoOo00OoOOO
OPVN-FSOOODOODODOOODOODODODODODOOODODODOODODODO

5.73 PVN-FSOUOUOUOUOOOOOooooooooo

PVN-FSOOODOOOOODOONFSOOODOODOOODOOOODOOOODOO
000000000000000000 (00000 open 00 close 00000
000000000000 0000000000ODO0Do0oOOooooOooooon)
OD0O000O0O0O0OPVN-FSOOOODOOOOOD PVN-FSOOOOOODOOO
ggbobbuooogbbbbooogbbboooobbobooodobi opend
Oo0oobo0oobooobooobobobbbooobobobooOobDOdccesedd
OOPVN-FSOOOOOODOOODOOMetaFa-MMSOODOOOODOOODOO
gobobooobbogoboboobbooobbuooboooobobooobboo
O00UNXOOODOOODooooooooooooooooboooooboo
goboooooooobooobo0oobbbbo0o0obOo00bDOUOOnPVYN-FS
gbobbooobobobobuoobbbobobboobobobobbooobboo
ggoobod

O0000O0DO0b0HPCOOODODOOODOODOODODODO Write Once
Read Many(WORM) OO OOOOOOODODODOOO0OOOOOOOOOOOO
gobbodobobboobbbuobboobbooobboobbooobon
gboobobooooooooobobo gpCObObOObOIDOODODODOOO
gbobbuooobbbooobobobobbboobbooobboooboboda
gbobboooobooobbogobuoobboooboobobooonobooo
O00ODOPVN-FSOOOOODODODOOOOODODOOODODODOOODOOD
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gbooodbbooobobuooobbuooobboobbooobobobobood
OO0O00O0O0DO0OO00000O00oO0 pPVYNFSOOOOOOOODOOODOODO
gbbbuooobbbduooobbbooobobbobooobbbodgo
WORMOUOOODOOOOOODOOOOOPVN-FSOODOOOOOOoDoOOoOoQ
0000000000000 000000000 (pvnupdate) DO0O0O0OOOO

5.74 PVN-FSOOOO

PVN-FSOOOOOOOODODOOOODOODOOOOO PVN-FSOODOODOODO
OO00D0D0O00OO000oOoooogon

O00D00OPVN-FSOOOOOODOODDOOLnuxOOOOOODODOOOOOFUSED
fusepyO sqliteD SSHEFS OO 0000000000000 DODODOODOOOOOO
python pvnfs.py /mnt 0 00000000 Opvnmkdirpy 0000000000
0000000000000 000000O00DO00DO0DODOO0bODO00oOoo0n

5.7.5 UL

PVN-FSOOOOOODOOOOOOOOOOOOOoOOoOooOooboooooDo
gbobooboogbbbooobboodobboboobbooobbooon
OOOPVN-FSOOOOOOODODOODOOOOOOOooOoooboboooo

5.76 JUUULUOLOOUOOOUOOO

PVN-FSOOOOOOOOOOOOOOODOOODOOOO ruSEODOOODO
OO00OFUSECCOO0O0O0O0DODOCOOOOOOOPOSIXOODOODOOOO AP
O0D00Db00D00OcatOsOawkO 00 UNIXOODOOO PVN-FSODO OO
gogboboooooo
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5.8. UUODOOO

O0O0DODOPVN-FSOOOUODOUODOODO pvnupdate 0O 0OOOOODO
O0100000 PVN-FSOODuwmmount 0000000 0ODOODOOODOOODO
OO0OO0OpvnupdateD 000000 OOOOOOOODODOODODOOODOOO
gobodgbooboogbbooobbuoobobooobbobbooobboon
ODoOO000DOOo00ooOo0oooooooooOoooboPVN-FSOODDOOOO
gbobbuoodgobbboooobobbooogbbboooobobo

PVN-FSOOOUOOODOOOOOOOODODOOoOOOoDOoooooobooooDo
DOOo0obuobodbobodbOMetaFaD OO0 ooooooonoooon
gogbobobooogbbobooogbobuoooobobbooooboo

OO000OPVN-FSOODOOODOODOODOOODODODODODOODOODOOOOOD
gogbbobboodobboobbuobobbuooobbuoobobbooobbd
ggbobobuogoobbbuoooobbbuoooobo

5.9. OO

OO0 PVN-FSOOOOOOOODOOOOOODOOOOOOOoOoooDoOo
1gbbougdgobbouoobbboooobbboooobbboood
OO00000DOOo0DOOO00O0o0DoOooDopPOSIXOODOOODODOO APID
goooooooooooooboooboboobobobooabooboobobn
ggobobuooogboboboooobobooooboboooobobobogt
ggooboooooboo
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el UU

ggbobobuoooobbobuoooobobuoooobobbooooooboo

6.1. oo
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o MetaFa
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6.5. OO
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