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0000000 (exclusive execution time) 0 00 fO000 gOO0OOOODOO,00 gOOOO
0o0o00o0o,00b00dboog fOLODO0OO0O0OODDODO0ODOOODODDOOOOO.

ooobooo31oo00o.
TAUOODOOOoooOoooobooooo.bboobboobboobooobboooboo
g, bgbobogboobboobooaobboobuoobbooban.

33 J0ooooboooboood

ubobooboobboobooobbooboooobooboooboobooooboooo
1Doobogobooboobobobob,0booboboooboobooboobobbon
gbboboobboobbobobobo.boobbobooboobbobbobb.ooboo
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DAG oD B

%APPB App D~
" 4

\ App D
App C
App C
App C

032.0000000 bAGOOO

gbool1oi1oocoooogoooobogobooobooboboboboboobobo.bobo,0b0b00
goboobooboobooobobooobooboobooboobooboo.obooob,boo
goboooobobobobboobooooboboobob.b0obobooboboboon
g, 0gboboobooobbooboobobon.

gboooboboobooboobobooobooooboboboobo,oobobobooo
O00000000 DAG (Directed AcyclicGraph)y U O 0, 0000000000 [31]00000
oboobooooobog 4,30 00b0,00boobobobobooo,0obobobooon
gobooboobooboo,ogbooboobbooboobooboobooboo.o
gboob,00boo0ooboobooboooooooo32o0000ooooooonog.

uboooooboobooobooboo,boboboobooboooboobooobooboooboboonoon
goboobo.gobooboobooobobobooboobooboobooobo,boo
googbooobooobooobooboooboooooob,obooobooboobooboobobo
oooobobobooob.0bobo0boobbooboob0ooDoo GXpMakeOOOO. 0000
gobooobooog.
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3.3.1 GXP Make

GXPMake8]U D ODODOODOODOODOODOODOODOOOO GNUMakeODOODOOOOOOO
MakefileOODOODOODOOOH)ODOOOO,bOobOobOoOooooOooDooDOooDobOobOoD
U0 10000.GXPMake OO NFSO Luste 000000000000 O0OO0DOO0ODOOO
obobogobooooob,exp47100b0DbO0ODOO0OOODOOOO0OO0O0ObOObOODbODbODO.
GXPMake OO0 UNIXODOOODOODOO Python GNUMake DO D ODOOODO, 0000
g,0oogbobooobogob,ooobobooogbobooobooboboobobooog.
GXPMake OO DO0ODOOOOOODOOODOODOODODOODO CSVOOOOOOOoDOOOO
gobooboogoboo,booboobobooobooboobobooboobbooboon.

3.4 ParaTrac

ParaTrac[14, 15] D000 00000000 0OOODOOOODOOOOODOO. ParaTrac O
FUSEB| OO OO, 0000000000000 O0DODOOODOOOO0000O0DO,00ooon
O00o0oooobooooooboodnO. ParaTracO0 0000 ParaTracO OO0 OOOOOOO
000.000 paraTrac0 0000000 O0OOODOO /JO00O0O0O0OO0ODOOOOOOOODOOO
000000000 DbOO0OO0,00004d0 /path/to/file0000000O0OO,000000003
0 /foo/mountpoint O 00O /foo/mountpoint/path/to/file0 00000000 O, ParaTrac
000000000000 bOoobooooo.do,ParaTrac 0000 00O0O0OOOOOO0O
0000,00000000 /foo/mountpoint 0000000 OO0OO0OODOO. ParaTracO OO
Od00oooOooooooooooo vriSOOooooooo,000b0o00dd libfused OO
00000000000 FUSEODOOOOODODODOOODOOoOOD.0Dooooooooooao
0d0o0oooooooooo,0ogooooooooooog (o 3.3).

ParaTrac OO0 000000 OOODODOOOOOOOO,000 SQLite30000O0OOOOONO
00D0000000.00000000040000000000000, ParaTracO0 00000
O00000,ParaTrac 000000000, ParaTrac 0000000000 OOOOOOO,O0
O ParaTrac 000000000000 0O0OODO.O000000000 libfuseOOO0O0O0OoOonO
010000 10000boobooooo.

OO,FUSE00O0O0O00O0DO,read, write O OO0 O0ODOOOOOOOODODODODODOOOO
O0.000 FUSEOOOOOOO0ODOODO0O000O0DODO0O000DOOO0OO00OnO, FUSE version 2.8.7
000D 128kBO00O0O0O0OOOO.0000000DO0000O0O0OO0ODOO, 1libfuseO OO
Jddddddd FUSEODODOOOOO.0ddddooooooo FUSEDOODOoDOoOOoOoOOoOO
oooboo00O,pPparaTrac 0000000000 0OO0.O000000000O0O00000O0O00O0O3 [2]
0,0000000000000O000O0,00O000DbO000bO000oo0bOooooOoooag.
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write
performance Ed
log

ParaTrac
(FUSE application)

T

user application libfuse
access /mountpoint/file
user space access /path/to/real/file
kernel ¢
> FUSE
VFS NFS
(Virtual
File System)
ext3 <
tmpfs

O 3.3. ParaTrac O O O
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040 OO

41 0000
OD0000PARPOODOOOOOODO.PARPOODOOD 41000000000,

. 0obooMpPlOOOO0O0ODOO0OOO0OODOOOODOOOOOOOOLOOOO.0DbODO, TAU
UOGXPMake UDODODOODODODOODODOO.

2. 0000000000000 00O00ODOObObDbOObOD PARPODOOOOOOODOOO.

3.0000 webOooooooog,0000oobboooobooboooobbobobOoo
ugbobgoo,obboobooan.

42 J0O00OO0O0OO0OOOOO0

gooboooboboooobboobboooboboobooooobooooboobooooobooo. o
g,goooooboMPiODOOO0OO0OO0O0OO0O0OO0ODOODODODOODOODOOOO,00D00 MPLO
gobooboobboobooboobobooboabon.

421 MpPIOOOOOOOOOODOO

goboobooboboo,gobooboooboobobooobon.

profgroup 0 0 0 profexec O OO UODOO0OD. DODOODOUODOODODODOODODODO
goob.0bobobobo,oboboboo,0ooooooooooo.

profexec 00000 10000000000 DOOOOODO.OO00O0ODO0OOODO,0D0O0O
gboboobooboobboobooboooooboooo.

profile 1 000D ODOUODOO0OOOO0OODLODOO.0000O TAU 3]0 0000O00ODOO,10
oooooo1boMPIODOO Gank) 0 10000000 0OO0.OD000C00,000D0
oo, 0booboobboooboobboooooan.

422 00000 0OOOOOOOOODOODO

goobooboboooboboobbooobo MPIDDOO0ODOOO0OObOOOoOoODLOOODD,0DO
gogbobodobob,oobbuooobbuoobobooo,booobbooobooobobg. o
goboooooobooooboooo.
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User

VR xeeution |/~ PARP N\

SQL Database API

* MySQL

Relational Database
* SQLite3

U 4.1. PARPO OO

workflow OO0 OO O0O0ODOOOOOOO1000000O00O0OCOO.

workflow_condition OO0 000 0000000000000 0O0O0O0O.00IDOOOO workflow_trial
Ooo0oooooooo.

workflow_trial D00 OO0 0O0O0O0O0O0O0O0OO0100000000DO.00000O000D0O0DO
gboboooooooooooo,0cobooooooboobooi1obooobooooon.

wiworker 000000000 DOOOO0ODOOO,0D000D0000DOO0O0O0ODOOO0ODO
Ub00ob00o0Oob0.db0Od workflow_conditionD OO UOOOO0OOO0OODOODOO,000O
gobobooboboboboooobobobobobooo,ooobbooboobobo
vbobobooobooboooobooobooboooooooooooooooo,0obobooooon
ugoboooobobooobboooboooboooo.oboo,0boo0ooboboobobooo
UboobO0o0O0 (workflow_trial) OO 0OODO.

application 0 0 0 000000000000 O0OO00OO0OOO0OO0O0DOO0O0O0O00O0OOOOOO
gbooboo.0o0bobobobobobobon.

joo OO0OOO0OOOOOOOOOODOODOODOODO/ODOOOLO.ODODODOODO
obooboooboob,0b0b000n0 (workflow_trial) O OD0OODO.

metric 000000, 0000000000000000O0O00.000O00O000O0O0OO,O0
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gbobooboobbooboobbooboo.

paratrac_runtime ParaTrac D00 000D 00000000 0ODOOOO0ODO0ODOOOOODOOOO
U, 0000000000100 ParaTracU 0000000, 0000000000000
ubooob,boobobooobobooooboboboobooNbDOooboboonbobo
U0 NODO ParaTrac U000 0O00O0OO00OD0O0ODOODOO0ODOODOOO0.000000 PARP
gboob1gogooobogoobogoboogn.

paratrac_file ParaTrac 00 000000000 OOOCOODOOODOOO.

paratrac_syscall ParaTrac 0 0 0000 000000000000 0O0OO,100 10000000
goo.

paratrac_syscall name ParaTrac D0 O Linx D0 0000000 0OO0ODOOOODO, 00000
O00o0o0.0000o,0oooooooooobooood,ParaTrac0 0000000
ooo0oooooooon.

pt_scmt summary ParaTrac U0 OO OOO0O0O0OO0O0O0OOOOO.

ubobooboobooo,booboobooooooaoboo.

e OO OO0ODLOOOLOOOLODLDOUOODLOOOODOOO.

e NO0ODOOODLOODOOODDOOD,0DbOODDObODDLOODbLOObOOObOOODbLOOn
uo.

e NUUOUOOOLOOOLOOODLOODLDODLDDOODLOOL,0bOoO0bLOO0ObLOObLOOn
ugbobooooboooooo.

e J0UO0ODOODODODOODLODODLOLODODOODLUODODOUDDOODODLOD
ubboo,ggbuoobbooboobbooboobbooobooan.

43 0J0OOOO0OobOOOoOobDoOoOon

gbooboboobooboobooboobo0obb0 PARPODODODODODODODODODOD
gbooobobooboboo.MPlODOODOODOOOOOO0ODOODOODOO, TAUDOODOO
gbobgooboooobooboboobooooobobobo,bobobooooboboobg,
goboboobobooo.gboboooooboooboboo,obboooooboobbooono,oo
goboooboooobooboobooboob.boobooboobooboobg,cxp
Make 00000000 0DOOOOO0O0OODOOOOOO0.000,GXPMakedDO0OO0
gboo,0o0boo0boobobooboooboboobobo,obooMPiOO0oboooonooonoo
gobooboooboobooobooboooboobooobon.

44 WebUUOUOGQoon

gobooobooobooobooboooooboooobooboooboooobooboboooob,obob
gobodbooboboobboobobooboobbooboobbooboobboobooo
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gogboobooobobo.booobbooobooobobooobboooobboooobobOoo
g, bgbobggboobboobuoobboobuoobboobuooboooboan.
WebOOOOOoOOoooooooboooooooooooobo,boogobobooboooob
goobooboob.booboooboobooboobobo,obbooboobooboo
gbbobobooboobooboobbobboob.boob,0bogoboobooboo
goooooooooboobo,boboboooo,boob1boboobooboOob.0obo
go,jo0boobooboooboobooboboobooboo,boobboobooboo
g.00obooooz2000000o00o0ooooooboooobobobobob.20000
goobooboooboob,booboboobooboboobooboobobo,booboobooo
goobooob,oobobbooobbooobo.oobbooobboobbooobob,o
goboi1oobooooobooobooobooooobooobo.ooobboobooobooobobo
goo,0000b0o000booboooboobo,boobooobobooobo,obooboooog.
gboboboz20000ooooooooooooooooooooboobooboobobob
ooo,00b0o0bobobobooboooooboooobobooboo,1bobobobobon
goboobooobobooboooooboobo.oboobbooboobo.
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050 OO0

PARPOODOODOOD0OODOODOO WebOOOOOOOOOOOOOOO,0000D00.

510 Ooddoooooon

MpIO O, 00b000boobouogboooboobooboboobobooboob.oobad MP
goboobooobobooboooboboobooooboooo.

511 MPIOOOOOOOOOOOO

MPIOOODOODOO0OOODOOO SQLie3 00D O0OO. ODOODOOODOOSQLOOOD
Al10,E-RO0O0S1000.
gbooboboboboobobob,boboboboboo.

TABLE profgroup

application TEXT MPIO OO O0O0OOOOO0OOOOO0.0000DOOO0O0O0DOOOOODOO
ugbooooboobooo.

00 : /home/user/bin/mpi/pagerank.mpi

app-viewname TEXT MPIO O OO OUOOODOOOO, 0000 webOOOOOODOoooonO
gbooboobobo.

[0 : pagerank

nodes INTEGER OO O0O00OOO0O0O.
procs INTEGER MPIO OO OOODOODO.

place TEXT U0 0O0O0O00OD0OOD.000 WebOOOODOOODODOODODODODOOOO
gbo,0b000obopooboboobobo.oobooobooboo,bo0oboobobobonobo
oooo,oo0o0od.
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pmémup i

R id: INTEGER

% application: TEXT
@ app_viewname: TEXT
@ nodes: INTEGER

@ procs: INTEGER

@ place: TEXT

@ library: TEXT

Rel_01

profexec i
# id: INTEGER
# profgroup_id: INTEGER [FK)

|

? profgroup_id: INTEGER [FK)

WIEW pgroup_meta P

@ avg_time: DOUBLE
@ avg_dtime: DOUBLE
& precs: INTEGER

@ var: DOUBLE

@ dvar. DOUELE

¥ profgroup_id

|3 VIEW pgroup_meta_Fiindex 1

I
=

YIEW pgroup_ratio
@ profgroup_id: INTEGER! [FK)
@ funcname: TEXT (FK)
@ dummy: INTEGER [FK)
& ratio: DOUBLE
% excl_pe_rank_avg: DOUBLE
& inol_ps_rank_avg: DOUBLE
@ excl_pe_rank_max_avg: DOUBLE
@ inol_ps_rank_max_avg: DOUBLE
@ excl_pe_rank_min_avg: DOUBLE
@ incl_pe_rank_min_avg: DOUBLE
@ excl_avg_ratio: DOUBLE
& incl_avg_ratio: DOUBLE
@ excl_max_ratio: DOUBLE
@ incl_max_ratio: DOUBLE
@ excl_min_ratio: DOUBLE
@ incl_min_ratio: DOUBLE
I3 VIEW pgroup_ratic_ Fiindex1
? dummy
9 profgroup_id
9 funcname
I3 VIEW pgroup_ratie_FRindexz
9 profgroup_id

library TEXT 000000000000 0O0OO.place00000O0O0O0ODOODODOO,O00
ugoboboooboobooobbobooobboooobooo.obobo MPioononboodg
gbooobooo,ogboooboobbobbobbobboobooboobooonboo
gooboo,0obboobooboboooboooboo.

Fel_11

& erec_time: DOUBLE
% display_time: DOUBLE
% start_ts: INTEGER
I3 proferec. Findext

7 profgroup_id
|3 proferec_Fiindes2

7 profgroup_id

VIEW groupexecmerge P |

# profexec_id: INTEGER (FK}
¥ profgroup_id: INTEGER [FK)
% funcname: TEXT (FK)
@ exec_excl_sum_ang: DOUBLE
@ exec_excl_max_avy: DOUBLE
@ exec_excl_min_avg: DOUBLE
@ exec_excl_avg_avg: DOUBLE
@ exec_incl_sum_avg: DOUBLE
© exec_incl_max_avg: DOUBLE
@ exec_incl_min_avg: DOUBLE
© exec_incl_avy_avg: DOUBLE
[ VIEW groupexscmerge_ Fikindexz
7 profexec_id
? profgroup_id
|3 VIEW groupesecmerge. Fitindexz
7 funcnams

Rel_02

profile |
¢ funcname; TEXT
7 profeses_id: INTEGER [FK)
¢ rank: INTEGER
7 profgroup_id: INTEGER (Fk)
% calls: INTEGER
% subrs; INTEGER
% ewcl: DOUBLE
% incl: DOUBLE
< group_s: TEXT
|3 profil=_FKindert
¥ profersc_id
¥ profgroup_id

YIEW funcprofils A
¥ funcname: TEXT [FK)

? profexec_id: INTEGER: (FK)
¥ profile_rank INTEGER [FK)

@ rank INTEGER
? profile_profgroup_id: INTEGER [FK)

@ calls: INTEGER
@ subrs: INTEGER
@ excl INTEGER
% incl: INTEGER
< group_s: TEXT

[ VIEW funcorotlie_Rinder]
@ funcname
¥ proforee_id
¥ profile_rank
¥ profile_profgroup_id
[ VIEW funcprofie_ Finder2

¥ funcname

Rel_12

T(F

VIEW funcranksum i

@ funcname; TEXT

< rank_exel_max: DOUBLE
& rank_exc|_sum: DOUBLE
& rank_sxc|_min: DOUBLE
& rank_sxc|_avg: DOUBLE
& rank_insl_max: DOUBLE
@ rank_insl_sum: DOUBLE
& rank_insl_min: DOUBLE
& rank_inel_avg: DOUBLE

Oos1.MpPIDOODOODOODODODO E-RO

TABLE profexec

exec_time DOUBLE MPI O 00000000 ODOODOODOOOODOOOOOOOO.
display_time DOUBLE MPIO OO 0O0OO0OODOOO,0000000000,000000000

19

oboobobobobuobOobOo.000,PARPODO display_timed WebO D OO OO

ugbbgobuodgbboobga,buogbboooboobooobooboan.

start ts INTEGER D0 000000000000 0D0 UNIXTimeODOOOOOO.0ODOODO
ugboboobooboobbooboooboboooog.

TABLE profile
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—] workflow ¥
id INT
name TEXT

id INT

] wi_worker v

"] workflow_trial v

% workflow INT

 workflow_condition INT
start_timestamp DATET...
elapsed._time TIME

index INT enabled BOOLEAN
workflow_trial_id INT
name TEXT M‘
nopus INT |
memory INT |
|
>
|
,,,,,,,,,,, J
|
|
|
|
|
+
"] workflow_conditi... v
id INT

worker_num INT(10)
filesystem TEXT
location TEXT
input_dataset TEXT

"] paratrac_runtime v
iid INT
pid INT
uid INT
gid INT
cmdiine TEXT
mountpoint TEXT
hostname TEXT
start_ts DOUBLE
end_ts DOUBLE
workflow_trial_id INT
>

"} paratrac_file v

fid INT
path TEXT
paratrac_iid INT

workflow_trial_id INT

dummy_id INT

>

"] application v
id INT

@ workflow INT
name TEXT

| paratrac_syscall v
stamp DOUBLE
syscINT
pid INT
fid INT
res INT
elapsed DOUBLE
aux1 INT
aux2 INT
paratrac_iid INT
workflow_trial_id INT
dummy_id INT

>

>

:| paratrac_syscall_name v

syscall_id INT
syscall_name VARCHAR(45)
>

"} pt_sc_mt_summary v
wtINT
sysc INT
syscall_name VARCHAR(45)
count BIGINT(21)
elapsed_sum DOUBLE
elapsed_avg DOUBLE

= pt_sc_mt_summary2

] metric

id INT
» application INT
% job INT

20

v

workflow_trial INT

name TEXT
value DOUBLE

¥
|
|

===

|
Ed

“Jiob v

id INT

workflow_trial INT

application INT

workflow INT

work_idx INT

args TEXT

local_pid INT

worker TEXT

elapsed_local DOUBLE

elapsed_remote DOUBLE

time_user DOUBLE

time_system DOUBLE

minor_faults INT

major_faults INT

local_start_time DOUBLE

remote_start_time DOUBLE
>

Os2.0000000000000000000 E-RO

funcname TEXT OO O00O0ODO.
callsINTEGER 00000000000 DOOO.

subrs INTEGER 000000000 OOOOOOODOO.

excl DOUBLE ODO000OO0O0OO0O0OOO0ODOOODOO.
inc DOUBLE O O0O000O0OO0O0OOO0ODOOO.

goo,0b000b00 rank00000OO0OODOO0O.

512 0J00000000O0O0O0O0O0bO0D0O0

>

= pt_sc_mt
= pt_sc

™ condition_view

workflow_meta_view

gbobobobobobobobobobD mySQLOoooooo.ooooogo sQuoon
0OA20,00 E-ROODOS2000.
gbboobuodgbooboboobo,oboabboobad.
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TABLE wf_worker

name TEXT 00000000 0O.000000DO0DO0ODODODOD.

ncpus INTEGER DO D000 0O000OD0OO0OCPUNDOD. OO0 GXPMakeODOUODOO
gooo,bobobo0boooboooboon.

memory INTEGER 0000000000 0ODOODOODODODODO.

TABLE workflow_condition

worker num INTEGER 0000000000 ODOOOO.
filesystem TEXT 000000000 DO0ODOODOODOODODO.
location TEXT 00000000000 O0O0OOODODO.
input_dataset TEXT 00000000000 0O0OO0.

TABLE workflow_trial

start_timestamp DATETIME 0000000000000 D0OOOOOCOODOOODO.

elapsed_time TIME 0000000000000 OO00OO0O.O0000O0O0000DOOO,00
gboobooooboo,MySQLOoooooooo,0oooooooooooo.

enabled BOOLEAN OO0 00000000 OCOO0ODOOODOOOOOOODOOO.

TABLE job O0U0U0D0O0OO0O0O0OOD GXPMake DD DODOOOODOOOOODOOOODOOO
oooo,0o0boboobooo.

5.2 GXP Make [0

GXPMake UOOUODOODUODODOOOODODODODOOOO,000000 GXPMakeU OO
obobobob,00b0oo000oo0ob0ob0o.0b00 GXpMake OO O, 000000000
ooooooooboboboo,boboobo0ob0ob0nbd Makespan[34)0oonoooon
goboooooon.

53 J0dodddooooooon

MpPIOOOOOOOOOOODOODOO TAUDO,000bO0b0oboooooooooooobon
O GXPMake (UODODUODODODOO)OOOOUODbOoOOobD.oooboboooooooo
gooogboooobooboooob,bobobooboooobooboobooobobo
oo.00b0 MPIOD,0000000000000000000.5500000 ParaTracd0
goboobogoo,0bbooboobbooboobboobooboooD.

gbbooboobodgboobuooboo,ogbboobooboo.oboooboobo
gobooobooobobobobooboo,oobooooboobooobboobooooboo,booo
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goooboboboobobuoooboobobo,boboboobobooboobobboobo
gobooaoboo.

uogboboboooobobobooobobouooooobooooooboboooooo,booooobooo
goooo,0bdbi1cbobobobobooboboo,MPIDOO0ODOODO profgroup U ID U,
000000000000 workflow_condition IDO,000000000000000O00O0O0
gooooooo.

54 WebUOUOUOGQOooQ

WebOOOOOOOOOOoOOoOooooO.webOoooooo MPIDO,0000000OO
gboob 100 Django 0000000000 OO0OOODODOO,000D00O0DOOOOO
gboboobooboobooo,oobooboobbooboobo.goobooboooboo
ooobooboobd bjangoD OO0 UOoDOobOobOO,000s1000000boDOobDoboOon.

oboosi.MPiIODOODOODOODOODODOODODOODO SQLOoOD

urlpatterns = patterns (

# MPI

(r’"pgd2/(?P<sortmode >\w+)/$’, ’parpview.viewer.views.pgd2’),
(r’"pgview/(?P<pg_id>\d+)/$’, ’parpview.viewer.views.pgview’),

# Workflow

(r’"wf/?$’, ’parpview.viewer.views.wf’),

(r>"wfinfo /(?P<wf>\d+)’, ’parpview.viewer.views.workflow_info’),

(r’ " wfcinfo /(?P<wf>\d+)/(?P<wfc>\d+)’,
’parpview . viewer.views.workflow_condinfo ),
(r’"wfdiff /(?P<wf>\d+)/(?P<wfcl >\d +)/(?P<wfc2>\d+)’,
>parpview . viewer.views . wfdiff ),
(r’"wft—tew /(?P<trial_id >\d+)’,
’parpview . viewer.views.wf_timechart_.img’),
(r’"wft—tc/(?P<trial_id >\d+)’,
’parpview . viewer.views. get_wf_timechart’),
# Static |/ Image |/ Resources

(r’"img/(?P<imgpath >.+\.png)$’, ’parpview.viewer.views.getpng’),
(r>"style /(?P<stylefile >["/]+)$’, ’parpview.viewer.views. getstyle’),
(r’"script/(?P<path >.+\.js)$’, ’parpview.viewer.views. getjs’),

(r’“resources /(?P<path >.%)$",
“django .views. static .serve’,
{’document_root’: settings .MEDIAROOTY}),

5.4.1 memcached O OO

gboboobooobboobooboboo,ooboobbooboobobo,ooboooon
gooboobo.gob,0boobuooboobooboobbobobooboobooboo
gogboboobob.bogobbuoooboobo,obooobbuooobooboobbooooon,o
goboooboooobooboooooboooboo.
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oo, 0ogbobooboboboobobooboboobooboboobobOnd, mem-
cached D ODO0OO0O0O0OOOO.0000010D00000000D0,00000000 mem-
cachedO DO, 2000000000000 0O000O0ODODOOODODODOODODODOODODLO.
gobooboooobooboo,boobobooboobbooboobDi10boo.

542 MPIUOO WebOOODOODOO

MPIOO WebOUOOUOOOOOOoOooOoooooOo,00oobooMPIDOODODOOO
gobooboooob,0booboooboooo.

gooooobooon

000000000 @OobD s100 pgd2)0 0, 0000000000 profgroup 00000
oo, jooooooo.oob,profgroup 0000 00O0OOOOOOOOOOODONO
gooo,jddddoooooooooooooooooooooo,ooooo.a
O0,profgroup 1 000 0OOOOOOOO,000000O00OO,0000000000000O
00000 profexecOODODOOOOOOOOO pgroupmeta00000. 000000000
oooo,o0s30000b00000,boooooooo20000o0bo0o00o0o,o0oooa
doooooo. 0000000000000 0odOoddodd, PARP
oo0oooooooooodooooooooooooooo,0ooobooooooooon
I
0do0oooooooooobooooodooooooooobobbbo00doooooooo
0oo.

00000000000 ooooobOooooooobOoo,obobo.000webOooooo
0dodooooooo.ogoooo e200b0D0.00000D0ODO6300D0O0O0O0O.O000OO
ooooooooboooooooooao.

Use? DO0UO0OODOOODOOODOOODOOO,00DOOODODUOODOOODDO. OO
gbboboboboboboboboobobooboooooo.

ColumnName 000 O0000000O.000 SQLOOOOOOOOODOOO.
Column definition SQL OO0 0000000 SQLOOODOO.

ORDERBY D000 O00OO0OO0O0O0O0OOOOO0O0O0DOOOO0OOO0O,000ooboobooooo
googd.

Graph Style OO0 O O00O400O,00000000O0DO0ODOOObOODbOOOODL.ODbODODOD
MpHOODODODOODO GNUPLOTOUDOOODODOOO,GNUPLOTOODOODOOODODO
gbooboooobooboooo,cob0oooooo1bobo.

Column Name OO Column definition SQLO OO OO0O0OO0OOOOO.O00O000O00000O
O0000o0d0oooooooooo SQLooooooooo,oo,0ooooooooaoao
JddddoopbobD.000oo SQLOOo00ddo0ooooooooOooOo0o0oo s4100a0.
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I Select Comparison Targets

PG1|PG2 Comment Place |# of nodes|# of Time [sec]
O | O | Fieaccess | MPICHZ MX GCC hats Detail haBoD a 16 1274.739 0.000
(O | (O | Filefccess | MPICHZ MX GCC lustre Datail haB000 a 16 151.820 0.000
O | O | Fieaccess | MPICHZ MX GCC s Detail haBoD a 16 33.085 0.000

PageRank

OpenMPl-t GCC NFS Detail

(o] NS

(O | (O | Pagemank | MPICHZ GCC NFS TRACE Detail | kyutech 16 128 4B.514 3122
O | O | pagerank | OperMPi GCC NFS TRACE Detail | kyutech 16 128 108.440 9.005
(O | (O | Pagerank | MPICH2 GCC NFS Detail kyutech 16 128 49,846 7.046
(O | (O |Pagerank | OpenMPI GCC NFS Detail kyutach 16 128 107.999 0.580
O | O | sewer MPICHZ GCC NFS Detail dioke B 128 §5.289 5.455
O | O | sever MPICH2 GCC NFS Datail doke B B4 145.565 2790
O | O | sewer MPICHZ GCC NFS Detail dioke 16 128 68.264 1.503
O | O | sever MPICH2 MX GCC HSFS Detail haB000 a B4 120,667 12335
O | O | sower MPICHZ MX GCC NFS Detail haB0o0 4 ] 122.233 5.959
O | O | setver MPICH2 MX GCC LUSTRE Detail | haBOOO 4 B4 124.184 6.111
O | O | sower OPENMPI MX GCC HSFS Detail | haBooo 4 ] 127.759 772
O | O | setver OPENMPI MX GCC NFS Detail haBOO0 4 B4 126.329 7.067
O | O | sower OPENMPI MX GCC LUSTRE Detail | haBooo 4 ] 125.803 10.459
O | O | sever MPICH2 MX GCC HSFS Detail haB000 B 128 82.352 2.000
O | O | sower MPICHZ MX GCC NFS Detail haB0o0 B 128 83.379 3291
O | O | setver MPICH2 MX GCC LUSTRE Detail | haBOOO B 128 79.956 2571
O | O | sower OPENMPI MX GCC HSFS Detail | haBooo B 128 1756.912 2719.423
O | O | setver OPENMPI MX GCC NFS Detail haBOO0 B 128 277.167 126.822
O | O | sower OPENMPI MX GCC LUSTRE Detail | haBooo B 128 226.932 39.046
O | O | sever MPICH2 GCC NFS Datail kyutach 16 128 123.603 5.450
O | O | sower OpenMPl GCC NFS Detail kyutech 16 128 223.366 15.316
O | O | sever MPICH2 GCC NFS Datail kyutach B 64 167.856 1.035

U S53.PARPWebODODOODODOODOODOODOODOODOO (MPIODO)
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00510 pgd2 00 sortmode DO OO OOOOOOOO,ORDER BYDOODOODOOODO
gogobooobo,booobbooobobooob.booobboooobob,o0bboo

gbobobobobobobobobobo,PARPODODDOOOOOOOODOOOODOO.

gbooboobooo

ubooboboboboobobooobobooboboooobobo,oboboooooo
g.gboo,0ooboboobboobuooboobooboboobboboboobooboonboo
googboogoboo,obooboooboooboobooboobooooboobooboobobo
gboboobooboobooo.obooobooboobbobbooboooboo,booboooboo
goooboooogooboobo,boo1b0bi1oboooboboobooboobboobboooobo
g.00b0obgs4000.
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Algorithm 5.4.1 Column Name [0 [0 [0 Column definition SQL 0 0O OO0 SQLO OO
defs «— pairs of (column name, column definition SQL)

S <0
for all pair in defs do

target «— pair[0] +° + pair[1]
S « S + {target}

end for

select_targets_string « join(’,’, S)

543 U0OUO0O0OOOO WebODOODOOO

gooooobo webOOOOOoooooboooooOobOo.OO0O0O0O0ooMPIDOODODO
gobooboobbobobooboobbo,boobooboobboobo,booboo
goooobgoobooboob@ouob saoboowhHOOODOODOODODOOODOO
ooobOo,0b0b0obobobo @ ss).

gobogboobboooooobod

gbooooobobooboboooboobobo,oobobooboboobobooon
goobooob.obobooooooobooobogobobobooooooo,oboboboboboooon
gboobooooooobobobobo.os2b00b0booooooobOo,oboooooo oo
gs20bogboooobooboo.ogo *"ooobooboobo,bboobooboo
goob mbooog.

oboOos2.00000b00b00bo0oboboobooooooooon SQL

SELECT id, name FROM application
WHERE workflow="?

gboobooboobooboboboobobboooboboboobD SsQubuooobog s3n
oo.

ob0s3.000000000000000000 SQL

SELECT
wft.id id,
wf.name name,
wft.workflow_condition wf_condition ,
wfc.id wfc_id ,
wfc.location location ,
wfc. filesystem filesystem ,
wfc.worker_.num worker_num ,
wfc.input_dataset input_dataset,
SUM( wft.enabled) num_enabled,
COUNT(*) num_trials ,
AVG(TIME_TO_SEC(wft.elapsed_-time )) elapsed
FROM
workflow_trial AS wft,




15
16
17
18
19
20
21

0N N AW =

—_— =
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workflow AS wf,
workflow_condition AS wfc
WHERE
wf.id = wft.workflow AND
wfc.id = wft.workflow_condition AND
wf.id = ?
GROUP BY wft.workflow_condition;

00,00000000000000
0000 =y000 +CPUD O 5.1

gobobgoboobo,0ooboocevoooboboobobob,yooboboobooOo.oon
ooosSQruooos4b00b.0boooobobobooooboo,obboobooboboooo
gobooboobboobooboobob,bbooobooboobo,bboobooboo
gbobooooo.

obods4 0000000DO0ObODbDObDO IO00DO0OO0OODO SQL

SELECT

cv.workflow workflow ,

cv.wf_condition wf_condition ,

SUM(cv.app-count % cv.elapsed_local) elapsed_local,
SUM(cv.app-count * cv.time_user) time_user,
SUM(cv.app-count * (cv.elapsed_local — cv.time_user)) est_io
FROM

condition_view cv
WHERE

cv.workflow = ?
GROUP BY

cv.workflow, cv.wf_condition;

gobogbood

MPIOOODOOOODOODOOOODbOOLOO, 000000000 webOOoDbobobo o
gboobobobobobobobo.ogbsedbo.0Ob0O0bOOOOOOOOOODOOO
oooogooMPIOOOO0OO0OO0OO0OO0OO0OOO0ODOODOODODO. TimeChart LinkOOOO0OO0O
gob00.000 Enabled0 000000 DOO0DOOOO0.00000,00000000000
gobobooobooo,oooooogobooobogooboobo,bobobobobobooooobon
goo.

gobooobooooooo

gboboooboboobobooobogooooboobobobooooboboobob. b
gogoo,1gobooooboobooobooo,obobooboooobooooD.bOoon
g, 0gobgooboobooobooboobooobuooboobo,bboobooboo
gbobodgboobboobodobouo,oobboobooboobbooboobo,boo
gbbobooobooobooobobobobbobboobooboooboobobboboooboo.
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PARPOOODUODOOODOODOOODOODOODO,GXPMake OO OODODODOODODOOO,
gbboobooboobooboobboobuo.oboboobuoo,goboobooboo
obooboboboboooboooobD.bobooobogooonogd PostScrippD OO0, 000
WebOUOOOOOOOOOOO (OO0 PNGUO)ODODOODOODUODOOOUOD.ODOO
gs700b0.obobobooooob,oboobooboobooo,obooboobobobooobobn
g, 0ooboooboooooooooo.

RN

00000000 PARPOODODOODODOODODOOODODOD.MPIODOOODODOOOOOO
doo,0o0ooooooooooooooooon.

0o0oboooOoooooMPIOODOOOOOODDOODOOOODO.

000000000 bOO0o0bOo0o0o0obOO0od0bDoOoOobOOoO0.MPIOOODODOO GNUPLOT O
oo, 0000goooooobooooooooo,GNUPLOTOODDOOOOOOOOO
00DO000ooooo.0oo,webOOODOODOODOOOOO JavaScrippO0 0000000
000000 highcharts.js (4] 000, 0000000000D00O0O0OCO0OO0OODOODOOOO0O
oooooo.

000000000 WebOOOOOOOoOO,0000000000 SQLOOOO,0000O
00o0ooooooooooooooooooooooD.ooooooooog ssodnd SQL
doodoodbOdo,000b0boooDooo,bdboo0o0oOo,00o0boooooooa
0.00000000000DO000 13000000000 000O0,000o0boo0ooobooao
oooodooooo,0o0bodbobo0obOooobOo0bo.0obooOo,bo0o0booooooa,
Accuml, Accum2, IO1, I0204000000000000D0O0ODOOOODOOD. highcharts.js [
000O00,0d0000bo0b0o0oobo0oooo,0boooDbo0oooobOooooo
do0oodoOoo,00o0bodboooobooboooobooooo.

gooss.000oooooooooooooooooogn sQu

SELECT
app.name ApplicationName ,
cvl.elapsed_local ElapsedLl,
cv2.elapsed_local ElapsedL2,
cvl.app_count AppCountl,
cv2.app-count AppCount2,
cvl.elapsed_remote ElapsedR1,
cv2.elapsed_remote ElapsedR2,
cvl.elapsed_local * cvl.app-count AccumLl,
cv2.elapsed_local * cv2.app_count AccumL2,
cvl.time_user / cvl.elapsed_local CPUE(ffl,
cv2.time_user / cv2.elapsed_local CPUEff2,

cvl.time_user UTimel,
cv2.time_user UTime2,
(cvl.elapsed_local — cvl.time_user) * cvl.app-count IO1,
(cv2.elapsed_local — cv2.time_user) * cv2.app_count 102,

cvl.time_system STimel,
cv2.time_system STime2,
cvl . minor_faults MinFltl ,
cv2.minor_faults MinFl1t2 ,
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cvl.major_faults MajFItl ,
cv2.major_faults MajFlt2

FROM
condition_view cvl,
condition_view c¢v2,
application app

WHERE
cvl.application = cv2.application AND
cvl.workflow = cv2.workflow AND
cvl.wf_condition = ? AND
cv2.wf_condition ? AND
cvl.application = app.id AND
cvl.workflow = ?

ORDER BY
AccumL?2 DESC;

544 PARPO OO0

MPIOO PARPOO 20000000,0000000000000000000O0000O00O
goboboob.boooo,bo000bobooooboooooboboooobo,ooooobooobboao
gobobooooooooooooooooobo,bobobobobobobo,0bobboboon
gboobooboo.obgo,oobooboboobooboboobobboboooboobo.
gobooboooboooobooon:

e JODOODOODOODL,0bOODLOODLDODDOODLOODbDUOODLOODLDOOD
gbobogo.boog,bbgobbbooobboobbooobooobboabboo
goooa.

e JUI0ODDOOODDOODODL,0D0DUOODLDOOODbLDOODDOOODLDbDOO. D
gb,gbbogobobooboobboobooobbooboabn.

000000000000 000000000000000,000000000000000
0,000000000000000000000000000000000.
D0000000000000 fO00000 m,0000.
ta
xlogt-—lf (5.2)
f
000,4000000000000 f00000,4000000000000 0000
0,7,00000000000000000000000.00000000,7,0000000

gbo,00boooooooboooog.

b

mf:Ta

e
’ S/
my = t“f X logg (5.3)
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55 ParaTracUOU OO 0O0O0O

U00o0o00oOob PARPODOOODOO GXPMake DO D OOOOOOoOOoOoooOOoOooDOOO,
gobobooob,00bb0o0bbuo0bbo0ib ParaTrac0 0D 0O0O0O0OOOODOO
gbogbobdoob,bobobooboboobobuooboboobobobobobono
g.gbobo,ogobobooooobooboboobbooobobooooooobooboo,oboboao
goooboboboboobobob,obobooboboobobobooobobboobo
gobodgboobboobooobog.

ParaTrac 0 000000000 ODOOODOOOOODOOO SQLOOOOoOoOoOoOoboOoooOoD
gobo,0ggbobooobooobb.ooo,booobbooobbooobb10obboo
ggbbooobuooobbbooobbooobbooobbboobboo.ooobobao
goobooboobooboooboob,oboobbooboobooboooboo.ooboo
gilobobooboboob,boobobobooboboobob,0boboob sQrLu
gbobobooboooog.od0,ParaTrac 0 0000000000000 100000000
g, 00bobooboooboooboobooobboobooboobbooo,0oboobooo
googboobob.oooob,0obo0boobooboooboob,bboboboobooboo
gbobooboooboboooboooo.

U00pt_semt 0000000000 00,00000000000000 pt_sc_mt_summary
gboob,0boboboobooobooo.

OO0 56 Paralrac 00000000 OOOOOOO

CREATE VIEW ‘testparpdb ‘. ‘pt_sc * AS

SELECT =
FROM paratrac_syscall sc, paratrac_syscall_name scn
WHERE sc.sysc = scn.syscall_id;

CREATE VIEW ‘testparpdb ‘. ‘pt_sc_mt * AS
SELECT
wt.id wt,
p.sysc,
p.syscall_name ,
COUNT(*) count,
SUM(p.elapsed) elapsed_sum ,
AVG(p.elapsed) elapsed_avg
FROM pt_sc p, workflow_trial wt
WHERE p. workflow_trial_id = wt.id
AND wt.enabled = 1
GROUP BY wt.id, p.sysc

CREATE TABLE pt_sc_mt_summary
SELECT # FROM pt_sc_mt;
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] ProfGroup Detail #22

Execution Summary

Application
fhome/kabe/solver/solver_mpich2_tau
# of nodes
16
# of processes
128
Place/Location
cloko
Library
MPICH2 GCC NFS

Each Execution Information

There are 10 execution logs.

ProfExec ID|Execution Time| Start TimeStamp
211 68.796506 1298613703108843
212 67.874299 1298613772892059
213 66.841724 1298613841765232
214 69.05403 1298613909708809
215 65.643318 1298613979747787
216 66.716533 1298614046384141
217 70.722617 1298614113971593
218 68.924956 1298614185783454
219 70.173506 1298614255695244
220 68.2141 1298614327539868

gs4 MPIOOODODODODOODODOODOD
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] wWorkflow PARP

Workflow List

ID |Workflow Name

227 | jawc
234 | jawc-pt

228 | montage

goss.00oobooooooogooooooouonoooonoon

Trials
Trial ID| Location |Filesyst ker put Dataset Execution Time [sec] TimeChart Link Enabled
288 | tsubame2 | gpfs 128 | data2 235 | Timechart
289 | tsubame2 | gpfs 128  data2 237 | Timechart
290 | tsubame2 | gpfs 128  data2 235 | Timechart
291 | tsubame2 | gpfs 128  data2 241 | Timechart
292 | tsubame2 | gpfs 128  data2 240 | Timechart
293 | tsubame2 | gpfs 128 | data2 236 | Timechart
294 | tsubame2 | gpfs 128  data2 232 | Timechart
295 | tsubame2 | gpfs 128 | data2 237 | Timechart
296 | tsubame2 | gpfs 128 | data2 232 | Timechart
297 | tsubame2 | gpfs 128 | data2 236 | Timechart
Switch |

gsedbobobobobobobobobobobob



32

osgd OO0

0372011 1231014212370 ||

22006061 101TAO37-2011.12.31.01.43.20-7143

23006054 10TAGS7 2011 12.31.01-43.20-26408.

a2

25006052 101TAQ37-2011:12-31.01.43.20-29860.

Jos006058-10TA037-2011:12-31.01-43.20-7767

Us700000000000000000000OO0
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el 00

61 0J0O0O0O

ub,gbbooboobooobooboo,ooboboobooabn.

611 0O0OOOOO

gbooboboobobooouoboooobelnbgn.

gbooooobodel1D00D00ODLO0O0OODODODLOOD Beownlf UOOODOODO.200
gbobobobobobobobobobobobo,oboobobo 1GbED O OOOOO
gbobobobobobo,1GeEdDbobobobobobobobobobobon.

MPIOOOOO OODOODOOODOEthernetD OO0, 000000000 MPIOOODOOOO
0 MPICH20O OpenMPIO O DO 200000000.MPICH2O000000 1.2.1p1 O hydra[6, 12]
obooboo,0penMPIODDOOOOO 1420000.

6.1.2 Amazon EC2

Ubooboooooobobobobob AmazonEC200000000.00000000
gobobobobobobobobobobobobo.bobobOobobOo oe2b000.

6.1.3 Tsubame2

UbobDo0b00b0obob0000Dd Tsubame2 OO 00O . Tsubame2 00 O NFS, Lustre,
GPFSOUOO00OO0DOO0OO0OO0O0ODbOO0bOO0bOOoO0oOOobOOoDb,b0ob0b0ooob0oboooobOobn
ob.goooooooogooge3nun.

gel.0obbbobbobobboboonon

ooao CPU O00ooo
hosei Intel Xeon E5530 @ 2.40GHz 10GbE & 1GbE
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Beowulf Cluster Configuration
—

VAW

‘_//7
A, &

10GbE L2 Switch

‘_’/7
—, &

et-hO

1GbE L2 Switch

el 00000 ODOOODOODOODOOODOO

0 6.2. Amazon EC20 00000
goooo CPU Interconnect gooooooo

16 O (cl-xlarge) ParaVirtualized @2.33GHz 4cores X 2 Virtual Network NFS

62 MPIUUOUOUOUOOOOOOoOoODDOOOO

6.2.1 PageRank 0O OOOO0O

MPIOOOOOODOODO 10000,PageRank(35]0000000000000000000O.
gboobobobooboooobobooboboboboo.0boobobooboboooo
gbobobobobobobo,bed4b0bobbobobobobO.

PageRank D0 0O O00O0OD0OO0D0OO0ODOODOODOODOO,00000D00O00DOO0DODODOODO
goboboooobobooobobooobbo.bobbooooboboobobooooboboooooboobaon
goboobooboo.oboobo MpPiIDOO0ODOODOODDOODOODLOODD MPI
gbboobogoboobooboboobbo.obbobboobuooboob,obooboo
oooooobobooobobobDO.0rank 000000 PageRank OO ODOODO, 00000
gobooboobooboooboboooboobo.obboobooboo,ooboobooboo
U0.000 PageRank D0 0O OD0OODO0ODOOD0OODOOO0O0O0OOO0OOODODODODO,000
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O 6.3. Tsubame2 OO O OO0

gooono CPU Interconnect oooooooo

11 0 (Thin) Intel Xeon X5670 @ 2.93GHz (12 cores) Infiniband (80Gbps) NFS, Lustre, GPFS

064000000 PageRank O DO DOODOOOOOODOODO
goooo bOO0obobo oOoooooooooooo oooooo

128,000,000 O 512,000,000 0 51,200,000 128

obobobobooobooboboboboobobgoo.
gboobooooooo, 1200 MMPiDOoooooooooooooooooo MProoD
gbobobobobobobobos300kBOO, 000 1300000.
gbooooobOobobooobOo MPICH2, OpenMPID OO, 00000000000 1000
oboobo.0bobobobobobobgbel,bdbe2b0b. 000 PARPODOODOODO
gobobobob,0ooobooooooooon.

OO0 6.1.MPICH2OUODOO PageRank DO O ODOOOODOOOODOO

$ mpiexec —n 128 —f hosei_mpich2.txt ./pagerank_mpich2

O00 62.0pen MPIO DO OO PageRank DO D OO OD0OUOOODOOOODO

$ mpiexec —np 128 —machinefile hosei_openmpi.txt ./pagerank_ompi

PARPWeb D OO DUODOOOODOOOOODOOOODODOO MPICH2O OpenMPID OO OO,
gogobobooobboooobobuoooboboooobobuooobb.booobbooobboo
O,MPICH200 100,0pen MPIO DO 640000000, 00000000000000000
g e2.00bUibbbDobo, bbb MPIDO0OOODODOODODODODODODOD,
gobooboobbooboobobooboobbooboo.

goo,b0200000000,00000000000DO00DO0OO0DO,DO00DOO0O0DOD
gboboobooooobd.PARPODODOOOOOOOODOOOODOODO, 0000000000
gobobobi20o0o0oo0booboboboboboobobo,boooooooooo.ooon
ooo@Oob A3)0 webOOODooooooooooooo.0o0,00000000,0000
U0000 timedif£f 000000000000 ratioJ00O00OD0O0O0O0ODOOOO0O (O 6.3).
00 Column Definition SQLO O ODOODO SQLOOODOOOOODOO,000 SQLOOO

PG 2 |Application Comment Place |# of nodes|# of Processes Avg. Time [sec]|S5tdDev. [sec]
PageRank | MPICH2Z GCC NFS Detail hosei 16 128 10.012 5.566
PageRank | OpenMPlI GCC NFS Detail hosei 16 128 64.616 11.744

PG 1
O
O

0|0

062 PageRank DO DO DOODOODOODOODOODOODOODOO
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] Column Definitions

Use? C;::::;n Column definition SQL ORB?!ER Graph Style
& funcname prl1.funcname | boxes =
& exectime prl.excl_pe_rank_avg = | boxes |
= exectime2 pr2.excl_pe_rank_avg | boxes =
=4 timediff (prl.excl_pe_rank_avg - pr2.excl_pe_rank_avg) | boxes =
& ratio (prl.excl_pe_rank_avg / pr2.excl_pe_rank_avg) | points =

| boxes =

| boxes =

| boxes =

| boxes =

| boxes =

O 63. PageRank OO UOODOOOOOOODOOOOOOODOO

0do0oOOo0obOoOoboO.000bOo00o, 00000000000 bOoobOoOobOOoOobooOoooo
0000 (GRAPHSTYLE). 00000000000 (boxes) D, 000000 (ratio) O OO
(points) 0 D0OO0ODOOO0ODO.00O0O0O0OO,0640000000000000O00.0O0O
000000000 bOO00oOo00oobOOo0bOoOooDbOoOo SQLoooooooO,0bo0oooao
doooooooooboooo.boooooooo,oggoo 20,0000, 00000oono
000D00000.000,exectimel JO0OOOO0O 630 “ORDERBY’00ODDOOO,OO 10
O0o0oOoOooDog.“SeeMore..” 0000 OOOOOO,000O0O000O0ODOOOODOOO,
oo0ooooooooooodooooooooooooooo,000o0oooo.oooo,
ge6s500000.0000e650 PARPOO0DDODODOODODOODODODDODODOODODOO.
0d0DOO0d0O0oOoDooOOo0oOo0o0DoO,0b00b00 PARPOCDOOOOODOD.

OO0Oogogoggdg (exectimel)d Open MPIOUOUOUOOOOOOOOODODDO, 00O
(exectime2) 0 MPICH2 OO D OO0O0ODODOO0ODOOOO,00000D0000O0DOOOOOO
(ratio = exectimel / exectime2)JOOO0ODO.0O00O0 OOOOOOOOO,MPI_WaitOO
ooooo,MPIOO0O0OO0O0O0OODOOO0OODOOOODOOOOOO.S000 graph_propagate
oo MPIOOOOOOOO.00O00DOODO0ODOODOOO,000000000DO00DODOO
O,0MPIODOODOOODOOODOOODODOOO.ODOO0O0OOO0OODOOOODO.ODO00O0O00DO0
doooooooooooo,00doooooooo,oooooooooon.

00,4000000000MPI Send000000004000000000,000000
0doodoooooooooooed40d 13000000000 DO0O0O0O0.O0000DO0O0O00O0OO
dddodoooooooooooo.oo,MPIwaitOOO MPIOOOOOOOODODO,O0O00O
0o0o0obooooo,0bob0o00boooooo0ooboooob0ooooDooboooooDo
dood.0dodgogg MPI_Send 00O, 0O0O0OOOOO.
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| comparison Table
| Create Graph! |
funcname exectimel |exectime2 ¥ | timediff V¥ ratiov
yl & y2 yl & y2 vyl y2 vyl y2 &

MP1_Wait() 24621578.731 | 3594479.682 | 21027099.049 6.850
MP1_Allreduce() 18611032.551 | 2559182.858 | 16051849.693 7.272
MPI_Alltoallv() 12004672.638 | 1602304.490 | 10402368.148 7.492
MPI_Send() 5643023.398 32590.871 | 5610432.527 173.147
graph_propagate() 1640448.305 | 1740932.347 -100484.042 0.942
MPI_Init() 1353648.838 | 207257.883 1146390.955 6.531
MPI_Alltoall() 503285.508 26117.565 477167.943 19.270
graph_allreduce() 97643.109 97863.217 -220.108 0.998
fastsort() 69401.746 70056.655 -654.909 0.991
MPI_Finalize() 23914.880 34900.775 -10985.895 0.685
See more ...

O 64 PageRank DO OO DOOOODOUODOODOODOODOODOODODODO

000D 00ob0obOn0 MPI_Send D O0OOO ParaProf 00D ODOODOODOO, U rank-
rank 0000 210000000000000,0000000000000000000 (& 6.6,
067. 00000000 10GbE, IGbE0 2000000000000000,00000000
goooboooobbbooooobbo.0obb,MPICH2, Open MPI200 MPIDO D OOO
U,MPI_Send 00000, 0000000000000D00.0000O00DO0OODODOOOO
gobooooboobo,booboogobooboooboboobo,0obo TcpOObODODOOLO
go, TcCebbgoboobboobobuooboobobooboon.

MPICH2 0 MPI.Send MPICH2 O hydn DD O ODODO. hyda O MPIOODODOOOOOO
0000 hdaOOOOOOO0OO,00 hydnOOOOOODOOOOOOOO.MPIOODOO
U0 hdraODOOOOO,0rank0000000.0000000000000000,000
ooooMPIOOOODOODOODOOODOOO,socket 10000 0O0OOOOOODOO
O00,hydra 000000000 socket O ODO0OOOOOOODOODO. OO socket OO
oo0odbogbD,srced0dest00000000OO00O0O0OO,MPI_ Send0 0000000000
dest 00 socket 0O UODO,send(2) DODODOOODOODOO.

Open MPI 0 MPI Send Open MPIO MPICH2OOOOOOO,MPIODOOOOOOOO rank
O000bOb0. 00 rankJ000O0 srceO00O0O0OO0OO dest0000O0OOOODOODO, src
OO0verbOOOOODOOODOOODOODOODOO,0D00D000D00 clesedoon,
Oo0o0oooobO,0b0b0o0bi00D socket HODOO, connect(2) DODODO. ODODO
000000 socket DD OUODODO0ODOODOO,send(2) DDOO0OD0O. DODODDOOODOO
Algorithm 6.2.1 00 0.
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O 65 PageRank DD DO DOODOODOODOODOO

gobooooboogn

obooooboobobogo,openMPIODODODOODOODOOOOODODOO,0D0000O
Osocket UODODUODOOOOODODOOODODOODOODOOOODO.ODOO,000 Open
MPIDOOODDODOODOOOODOOOO0ODOODO netstat(8) DD UOODODOODNO socket OO
gooooboobooobo.obo,0b001gb0boobobogs3e6000000 socket OO0
Oooo0oooobo0.0db0 TCPO OO0 ESTABLISHEDO DO DO O, TIME_ WAITO DO OO O
goob.0bbMPICH2O0000 1100000000D0.0000,socket0000 300000
00000000.00,netstat(8 0000 socket 0D ODOO, 000 TCPOODOODO
gbooobooooooobooooboodgb.obo,MPICH2O00D000 socket O 10GbE O
gboooooooboboboobod,OpenMPIDO 10GBEODDODOODOOOD 1IGBED OO
oboobob2:50000000000000000000O0.0penMPIODO [1,36]00000
goboo,ogboooboooboobooobobooboa,booboobboooboobooo
go,0o00bobgoboobooboboobooobobobo.boobobob,0boboon
ooo,0b0oooooobobo0ob0obobobobooooon,b0ob0bnd socketD OO
goboobooobboobooobooboooo.
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NUMBER OF CALLS

All Paths
0 RECEIVER 127

13

SENMDER

127 13

0 6.6. PageRank DO O OOOOOO MPILSend OO0 OOOOOONO (ParaProf O O)
OMPIOOOODOODO 13000 MPI_Sendd00OOO0OOOOOOO.

gooond

gbobobobo,0b0bobobobob 1GbEL DO Oboboboboobobob
goooooooobooboooo.coo,MPIDODODOOO0OOODODODOOOODODOOO
ooooobDoooooDDObo0o0ooDOo0 o, 000 1IGEDDOOOODODOOO etho OO
obooooobooboboo,0b0b000ob 10GbENDODODODDNODn eth5ODOD0OO
obooog @Eooe3. b0, 0bdbobooboboDb 400000, MPICH2O0000
ooboooobobooobbo.oobboooobobooooDog3puoo,0bbooobbogn0 64400
gboo770000000000000.

000 63.0penMPIDODOUOOODOOOODOOODODOODO PageRankODOOOOOO

mpiexec —mca btl self ,sm,tcp ——mca btl_tcp_-if_exclude lo,ethO \
-np 128 —-machinefile hosei_openmpi.txt ./pagerank_ompi
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0 6.7. PageRank DO OO DOOOOO MPISendDODOODOOODOOOO (ParaProf O 0)
gboboboboboobobooooo,0b0o0o300kBOOOOO.

PARPOODOOOODO

g65000000000000000 exectimel D000 000O0O0OOODOOOOOONO
000d,s44000000 PARPOODOOOOOODOOOOOOOODOOOO Oe68000O.

0 6.500 graph_propagate D000, 0000000000,00000000000000
0000ododoooooooooooboboobooooo.Odn,O 6.800 graph_propagate
0o oo @uooooooooon),0obobbo0d00o0odng MPI_Sendd 40
0o03000000. 0000000000000 ooooooooooooon,
0doooooooooboo,00d0oboboboboo0d0oog,0bbbo00d0oooooon
doooooooooobooooooa.

63 UUUU0oooooboboboboobobobooooggd

gbobooboobooobooboobbo0 PARPODDOOODOOOOODO.
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Algorithm 6.2.1 Open MPIO OO OO0 srce 00 dest OO OO OOOO
sock «— find_sock_from_to(src,dest)

if sock is not available then
sock « create_new_socket()
connect_sock_from_to(sock, src, dest)
register_socket_from_to(sock, src, dest)
else
send_message(sock)
end if

631 U0O0O0OOOOOOO

ugbobooboobooboobooooboo  yMLODOgooDoooo, oo0oooobooooo
o000 d-df[42] 000000000 00O00O0O000O0. 00000 HTMLODODOOO 000
gbooboboobobobuoobobooboboobobooboboboboboo,bo
oddb0df0dogbooogooboooooobooooooooo.oopoboooo
OO DAGO D eSO OODO.

gboobooooobooboboobobob 2MBOOOOOOO, AmazonEC2O000000O
U0 Tswbame2 DO O0D. D0 0ODOOOODO, 0000000000 3860000 0ODODODO.

Amazon EC20O0 8000000 16000000 128CcPUDOODOOODO, Tsubame2 U0 O
ooobog,0b0 12800000000000.0D00 GXPMakeDODODOOOO,0000000
oooboooooob.ooobobobob 6400 gxpemake D OOODOOOOODO
U0 GNUMake OODODOOD.--000 GXPMake OO DOOODOOOODOOODOODO.

000 64.GXPMake O DO JAWCUO DO (1280 0)

dataset=data?2
PARALLELISM=128
outdir=$HOME/ jawc _result/
gxpc make \

INPUT=$dataset all \

—j ${PARALLELISM} \

—— —a state_dir=$outdir

20000000000,0000D0000DODO0OODO0O0ODOO, Tsubame2 OO OO 172.8
O,Amazon EC2O0 0000 254700000000 webOOODOOOOoOooog (@ 6.10).

UoogboobDg Tswbame2 000000000 ODOO0DOOO, 000000000000
gbo,000bgoboobooboooooboo,opobobooboobooobobooobon.
200b0ooooobobobogo,0ellobob0.bobobDobO,ObooDoboboOoD
gog,0s10bog0gogo yooooooob,2000booboobooooooo.ooo,booon
100000000 Tsubame2 OO 0,200000000 AmazonEC20O000000. 0000
goboooboobog,obooobbdoob,0ogobobooob.b0bboooboboooboboo
gobooooobog,bellooboboobobobooboboboobobo,bg/poon
goboobooooboooobooo.
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gbooobooboboob.ooboo,obbobo0obobobobooboboboobog SQL
gbobobobobo.0coowebdoogooooooooooOooooooooooon
ooobo sQuuboo,0coooooobobobo.oboboogo,ooboceubn,yOn
goboo,ggboooboobo 300, ogbbooboobboobuooboooboobooo
SQLOO00O,0000000000.0000000 SQLObObges50000.000000
obooobooobel2000.000000 PARPODODOODODODODOODL,000DODOO
0.00b0obogobog,ub w/hwml2stf.py0 000000 0OO0OOO0OOODOODODOOOO
g,ugd,ggbggbogoboboobbob.booboobod Accuml O Accum2 OO0
Ob0,000 CpUDO Userl,User2 00000 0OOOO,yOO00OD00OOO 101, 10200000
obobobobobobogobogbo.bobobdb,AmazonEC2O0000OO00O YOO OOODO
0boooooooooboobOon, Tsuwbame2 U0 Luste 000000000, 000000000
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ge69.00000000O0O0ODODODUOUDOD DAG

Conditions

Average SUM of User

Condition . . Worker| Input erag # of elapsed - Estimated
Location [Filesystem Time - Time

ID Dataset Enabled/Trials| local 1/0 [sec]
[sec] [sec]

[sec]
63 | tsubame?2 | lustre 128 | data2 172.8000 10/10 | 5046.55 | 2802.68 2243.88
64 | ec2 nfs 128 | data2 254.7000 10/10 | 9434.41 | 4119.99 5314.42

0 6.10. PageRank U D OO OD0DO0OOO0OOOODOOPARPOODOODOODODODO

gobooooon.

goges. oboboboobOoboboboosSQLoon

SELECT

app.name ApplicationName ,
(cvl.time_user) * cvl.app-count Userl,

(cvl.elapsed_local — cvl.time_user) * cvl.app_count IO1,
cvl.elapsed_local * cvl.app-count AccumLl,

(cv2.time_user) * cv2.app-count User2,

(cv2.elapsed_local — cv2.time_user) * cv2.app_count 102,
cv2.elapsed_local * cv2.app-count AccumL2

FROM

condition_view cvl,
condition_view c¢v2,
application app

WHERE

cvl.application = cv2.application AND
cvl.workflow = cv2.workflow AND
cvl.wf_condition = 193 AND
cv2.wf_condition = 194 AND
cvl.application = app.id AND
cvl.workflow = 227

ORDER BY

AccumL2 DESC;
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Tk —
B AccumlLl
B 01
M AccumL2
Bk . 02

S5k

4k

3k

AccumlLl, 101, AccumL2, 102

2k

1k

Ok
Jhtmil2sfpy Jjuman.py Jimn2tfpy .Jfsf2rs.py . Jtfidfpy mikdir touch mv In

06.11.0000000000 Tsubame2 0 Amazon EC2 0 0[O

6.3.2 ParaTracOOO0O0OO

gboooooogocpudoooooobooboboboooooooooobobobo.bob
O ParaTrac U0 0000, 000000000000000,0000000 ¢dadfO000O0O0O0O
gbooboo,Tswbame2 DO OO0OOO0OOO0OOOODOODOO.

U000 Tswbame2 OO0 OO O0OO0DODOOO0ODOOO0DOO,GPFSU LustreJ 00 00OOO. NFS
gobobooobooo,bbooobobooobbooobbo0.obb0d,Leste00O0
gbobobobobobobob, lwsre 00 000ODO0ODOODOOOODOODOODO,00000
ULustre DOODODO0OOO0OOO0DOO0OOOO.

U0o0o0ooooodn ParaTrac OO OO0, ParaTrac 0 0000000000 O0OO0O0OOO
gobooooboboooobobooobobo@bouo A400GPFESOODOOO0DODOO
ooooooo).

ooob0o0,Lested 000 78 0,GPFSOLO OO 236 O UODOODODOODODO (O 6.13).
U0 Lwste DO D OD00OD0O00O0O0O00O0000O0,000 LuseeO 0002000000000
goooa.

goobobooobbooooboboo,goobobboooboooooboobobooooobbo
gb. 00 PARPOOODO0OOODOOODOOOODOOODOOO.DO0DOODOO0ODOO0
osSQLbobobooooooooooobooboobobobobobooboo.ooboboobooo
SQLO DO OO0 6600DO.



0N N AW

oeld OO 45

Comparison graph for Workflow jawc

Bk
™~
-E‘ 7k
=
g BB Userl
< il 01
g Bk - B AccumLl
— B User2
o m 102
@ M AccumL2
2 sk
-
-l
E
-]
o
o
< 4k
-
[=]
=1
-
-
o 3k
L4
=
o
E
Z
e 2k
-]
=
]
-
g
2 1k i i

| ||-|‘ || I III"I noul 0
Jhtmi2sf.py  Jfjuman.py  /imn2tf.py Jsf2rs.py Jtfidf.py mikdir touch mv In

Oel2.000e65000000000

o066 Paralrac 00D UODOODOODOODOODOODODLOODODOOD SQL

SELECT
psms_a.syscall_name ,
psms_a.filesystem filesystem_a ,
psms_b. filesystem filesystem_b ,
AVG(psms_a.elapsed_sum) sum.a,
AVG(psms_a.elapsed_avg) avg.a,
AVG(psms_a.count) count_a,
AVG(psms_b.elapsed_sum) sum-b,
AVG(psms_b.elapsed_avg) avg.b,
AVG(psms_b.count) count_b,
AVG(psms_a.elapsed_sum — psms_b.elapsed_sum) sub_sum,
AVG(psms_a.elapsed_avg — psms_b.elapsed_avg) sub_avg,
ABS(AVG(psms_a.elapsed_sum — psms_b.elapsed_sum)) sub_sum-_abs,
ABS(AVG(psms_a.elapsed_avg — psms_b.elapsed_avg)) sub_avg_abs
FROM pt_sc_mt_summary2 psms_.a, pt_sc_mt_summary2 psms_b
WHERE
psms_a.workflow_id = psms_b.workflow_id AND
psms_a.sysc = psms_b.sysc AND
psms_a. wf_condition = 193 AND




20
21
22

Condition Worker| Input Average # of SUM of elapsed | User Time |Estimated I/O

ID Lacation Filesystem # Dataset Time [sec] Enabled/Trials local [sec] [sec] [sec]
D 6 |:| 193 | tsubame2 | lustre 128 | data2 788.1000 10/10 21292.33 3158.98 18133.35 46
196 | tsubame2 | gpfs 128 | data2 236.1000 10/10 12800.14 3034.21 9765.93
06.13.0000000000 Lestred GPEFSODDOOO
psms_b.wf_condition = 196

GROUP BY psms_a.sysc, psms_b.sysc, psms_a.wf_condition
ORDER BY sub_sum_abs DESC;

00 SQLOOO0OO0DOOoooobOoooooobooooooooooooooooooooon
0000.00000000b00000,00 1000000 open, 1stat, fstat|, verb—creat—,
close, readlink, read, write, readdir, flush OO OO . 000, 000000000000 40
dddddo, 00000000000 ooooooooon.
PARPOODOOOODODO O6.14000.000000,00000000000000000O
do0odobooo,00bdb0boboo0boboo0bobo0oo0bO0obOooDooboooooa
ooo.o00,lstre 0000000000 OOOOOOOOOOOOOOOODOOOOO,O0O
oooooo.
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Comparison graph for Workflow jawc-pt
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CREATE TABLE funcmap (

funcname TEXT,

addr INTEGER,

application TEXT,

PRIMARY KEY (application , funcname)
)

CREATE TABLE profexec (
id INTEGER PRIMARY KEY AUTOINCREMENT UNIQUE,
profgroup_-id INTEGER,
exec_time DOUBLE PRECISION NOT NULL,
display_time DOUBLE PRECISION,
start_ts INT,
UNIQUE (profgroup-id, start_ts),
FOREIGN KEY (profgroup_id) REFERENCES profgroup(id) ON DELETE CASCADE

)

CREATE TABLE profgroup (

application TEXT,

app-viewname TEXT,

nodes INTEGER,

procs INTEGER,

place TEXT,

library TEXT,

id INTEGER PRIMARY KEY AUTOINCREMENT UNIQUE,

CONSTRAINT profgroup-unique UNIQUE (application, nodes, procs, place, library)
)

CREATE TABLE profile (
funcname TEXT,
calls INTEGER,
subrs INTEGER,
excl DOUBLE PRECISION,
incl DOUBLE PRECISION,
group.s TEXT,
profexec_id INTEGER,
profgroup_-id INTEGER,
rank INTEGER,
PRIMARY KEY (profexec_id, profgroup_.id, rank, funcname),
FOREIGN KEY (profexec_-id) REFERENCES profexec(id) ON DELETE CASCADE,
FOREIGN KEY (profgroup_id) REFERENCES profgroup (id) ON DELETE CASCADE
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SET @OLD_UNIQUE_CHECKS=@@UNIQUE_CHECKS, UNIQUE_CHECKS=0;
SET @OLD_FOREIGN_KEY_CHECKS=@ @FOREIGN_KEY_CHECKS, FOREIGN_KEY_CHECKS=0;
SET @OLD_SQL-MODE=@@SQLMODE, SQL-MODE="TRADITIONAL" ;

CREATE SCHEMA IF NOT EXISTS ‘parpdb ¢ DEFAULT CHARACTER SET utf8 ;

USE ‘parpdb * ;

—— Table ‘parpdb ‘. ‘“workflow *

CREATE TABLE IF NOT EXISTS ‘parpdb ‘. ‘workflow © (
‘id © INT UNSIGNED NOT NULL AUTO.INCREMENT ,
‘name ¢ TEXT NULL DEFAULT NULL ,

PRIMARY KEY ( ‘id ‘) )
ENGINE = InnoDB
DEFAULT CHARACTER SET = utf8;

—— Table ‘parpdb ‘. “application *

CREATE TABLE IF NOT EXISTS ‘parpdb ‘. “application * (
“id © INT UNSIGNED NOT NULL AUTOINCREMENT ,
‘workflow ¢ INT UNSIGNED NOT NULL ,

‘name * TEXT NULL DEFAULT NULL |,
PRIMARY KEY ( ‘id *) ,
CONSTRAINT ‘fk_application_workflow *
FOREIGN KEY ( ‘workflow ‘ )
REFERENCES ‘parpdb ‘. ‘ workflow © (“id © )
ON DELETE CASCADE
ON UPDATE NO ACTION)
ENGINE = InnoDB
DEFAULT CHARACTER SET = utf8;

CREATE INDEX ‘fk_application_workflow ¢ ON ‘parpdb ‘. “application ° ( ‘workflow ° ASC)
—— Table ‘parpdb ‘. “workflow_condition *
CREATE TABLE IF NOT EXISTS ‘parpdb ‘. ‘ workflow_condition * (
‘id © INT UNSIGNED NOT NULL AUTO.INCREMENT ,
‘worker_num ° INT (10) UNSIGNED NULL DEFAULT NULL ,
‘filesystem ° TEXT NULL ,
‘location ¢ TEXT NULL ,
‘input_dataset ° TEXT NULL ,
PRIMARY KEY (‘id ‘) )
ENGINE = InnoDB
DEFAULT CHARACTER SET = utf8;

—— Table ‘parpdb ‘. “workflow_trial *

CREATE TABLE IF NOT EXISTS ‘parpdb ‘. ‘workflow_trial © (
‘id © INT NOT NULL AUTO.INCREMENT |,
‘workflow * INT UNSIGNED NOT NULL ,
‘workflow_condition * INT UNSIGNED NOT NULL ,
‘start_timestamp ‘ DATETIME NULL ,
‘elapsed_time * TIME NULL ,

‘enabled * TINYINT(1) NOT NULL DEFAULT 1 ,
PRIMARY KEY ( ‘id *) ,
CONSTRAINT ‘fk_workflow_trial_workflowl *
FOREIGN KEY ( ‘ workflow ‘ )
REFERENCES ‘parpdb ‘. ‘ workflow © (‘id * )
ON DELETE CASCADE
ON UPDATE NO ACTION,
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CONSTRAINT ‘fk_workflow _trial_conditionl ¢
FOREIGN KEY ( ‘workflow_condition © )
REFERENCES ‘parpdb ‘. “ workflow_condition ¢ (‘id *
ON DELETE CASCADE
ON UPDATE NO ACTION)
ENGINE = InnoDB
DEFAULT CHARACTER SET = utf8;

CREATE INDEX ‘fk_workflow_trial_workflowl ¢
ON ‘parpdb ‘. “workflow_trial © (‘workflow ° ASC) ;
CREATE INDEX ‘fk_workflow_trial_conditionl °

)

ON ‘parpdb . “workflow_trial * (‘workflow_condition °* ASC) ;

CREATE INDEX ‘workflow_reverse *

ON ‘parpdb ‘. ‘workflow_trial °* (‘workflow * ASC, ‘workflow_condition * ASC)

—— Table ‘parpdb ‘. ‘job *

CREATE TABLE IF NOT EXISTS ‘parpdb ‘. ‘job ‘ (
‘id © INT NOT NULL AUTOINCREMENT COMMENT ’Job ID’
‘workflow_trial ¢ INT NOT NULL |,

‘application * INT UNSIGNED NOT NULL ,

‘workflow * INT UNSIGNED NOT NULL ,

‘work_idx ¢ INT UNSIGNED NOT NULL ,

‘args ¢ TEXT NULL COMMENT ’Command—-line arguments’

‘local_pid ° INT NULL ,

‘worker * TEXT NULL COMMENT ’Workers name’

‘elapsed_local * DOUBLE NULL |,

‘elapsed_remote * DOUBLE NULL ,

‘time_user * DOUBLE NULL ,

‘time_system ‘ DOUBLE NULL ,

‘minor_faults * INT NULL |,

‘major_faults * INT NULL ,

‘local_start_time ° DOUBLE NULL ,

‘remote_start_time ° DOUBLE NULL ,

PRIMARY KEY ( ‘id *) ,

CONSTRAINT ‘fk_job_workflow_triall *
FOREIGN KEY ( ‘workflow_trial © )
REFERENCES ‘parpdb ‘. “ workflow_trial * (‘id * )
ON DELETE CASCADE
ON UPDATE NO ACTION,

CONSTRAINT “fk_job_applicationl *

FOREIGN KEY ( ‘application ‘ )

REFERENCES ‘parpdb ‘. “application * (‘id * )
ON DELETE CASCADE

ON UPDATE NO ACTION,

CONSTRAINT ‘fk_job_workflowl °
FOREIGN KEY ( ‘workflow © )

REFERENCES ‘parpdb ‘. ‘workflow ¢ (‘id © )
ON DELETE CASCADE
ON UPDATE NO ACTION)

ENGINE = InnoDB

DEFAULT CHARACTER SET = utf8;

CREATE INDEX ‘fk_job_workflow_triall °

ON ‘parpdb °. “job * (*workflow_trial * ASC) ;
CREATE INDEX ‘fk_job_applicationl °

ON ‘parpdb ‘. “job * (‘application ° ASC) ;
CREATE INDEX ‘fk_job_workflowl *
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ON ‘parpdb ‘. ‘job * (‘workflow * ASC) ;

—— Table ‘parpdb ‘. “metric *

CREATE TABLE IF NOT EXISTS ‘parpdb ‘. ‘metric © (
‘id © INT UNSIGNED NOT NULL AUTO.INCREMENT ,
‘application * INT UNSIGNED NOT NULL ,

‘job * INT NOT NULL ,

‘workflow_trial ©* INT NOT NULL ,

‘name * TEXT NULL DEFAULT NULL |,

‘value * DOUBLE NULL DEFAULT NULL ,

PRIMARY KEY (‘id ‘) ,

CONSTRAINT ‘fk_metric_applicationl °
FOREIGN KEY ( ‘application ‘ )
REFERENCES ‘parpdb ‘. “application * (‘id ‘ )
ON DELETE CASCADE
ON UPDATE NO ACTION,

CONSTRAINT ‘fk_metric_jobl ¢
FOREIGN KEY ( ‘job * )

REFERENCES ‘parpdb ‘. “job * (‘id © )
ON DELETE CASCADE
ON UPDATE NO ACTION)

ENGINE = InnoDB

DEFAULT CHARACTER SET = utf§;

CREATE INDEX ‘fk_metric_applicationl °

ON ‘parpdb ‘. ‘metric ° (‘application * ASC) ;
CREATE INDEX ‘fk_metric_jobl ¢

ON ‘parpdb ‘. ‘metric °© (‘job * ASC) ;

—— Table ‘parpdb ‘. “wf_worker *
CREATE TABLE IF NOT EXISTS ‘parpdb ‘. ‘wf_worker * (

‘index ° INT NOT NULL COMMENT ’Worker index for a trial’

‘workflow _trial_id * INT NOT NULL ,
‘name ° TEXT NOT NULL COMMENT ’Name of worker’
‘ncpus ° INT NOT NULL ,
‘memory ° INT NOT NULL ,
PRIMARY KEY ( ‘index ‘, ‘workflow_trial_id ‘) ,
CONSTRAINT ‘fk_wf_worker_workflow_triall ¢
FOREIGN KEY (‘workflow _trial_id * )
REFERENCES ‘parpdb ‘. “ workflow_trial * (‘id * )
ON DELETE CASCADE
ON UPDATE NO ACTION)
ENGINE = InnoDB
DEFAULT CHARACTER SET = utf8;

CREATE INDEX ‘fk_wf_worker_workflow_triall *
ON ‘parpdb ‘. “wf_worker * (“workflow_trial_id * ASC)

—— Table ‘parpdb ‘. ‘paratrac_runtime *

b}

CREATE TABLE IF NOT EXISTS ‘parpdb ‘. ‘ paratrac_runtime °

“iid © INT NOT NULL AUTOINCREMENT ,
‘pid © INT NULL ,

‘uid ©* INT NULL ,

‘gid © INT NULL ,

‘cmdline ¢ TEXT NULL ,

‘mountpoint *° TEXT NULL ,

‘hostname ° TEXT NULL ,

(
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‘start_ts ° DOUBLE NULL ,
‘end_ts ° DOUBLE NULL ,
‘workflow_trial_id * INT NOT NULL ,
PRIMARY KEY ( ‘iid “, ‘workflow_trial_id ‘) ,
CONSTRAINT ‘fk_paratrac_runtime_workflow_triall °
FOREIGN KEY ( ‘workflow_trial_id * )
REFERENCES ‘parpdb ‘. * workflow_trial * (‘id * )
ON DELETE CASCADE
ON UPDATE NO ACTION)
ENGINE = InnoDB
DEFAULT CHARACTER SET = utf8;

CREATE INDEX °fk_paratrac_runtime_workflow_triall °
ON ‘parpdb ‘. ‘paratrac_runtime * (‘workflow_trial_id * ASC) ;
—— Table ‘parpdb ‘. ‘paratrac_syscall_name *
CREATE TABLE IF NOT EXISTS ‘parpdb ‘. ‘ paratrac_syscall_name * (
‘syscall_id * INT NOT NULL |,
‘syscall_name ° VARCHAR(45) NULL ,
PRIMARY KEY ( ‘syscall_id ) )
ENGINE = InnoDB
DEFAULT CHARACTER SET = utf8;

—— Table ‘parpdb ‘. ‘paratrac_-syscall *
CREATE TABLE IF NOT EXISTS ‘parpdb ‘. ‘paratrac_syscall * (
‘stamp * DOUBLE NOT NULL ,
‘sysc ¢ INT NOT NULL |,
‘pid © INT NOT NULL ,
‘fid © INT NULL ,
‘res ° INT NULL ,
‘elapsed * DOUBLE NULL |,
‘aux1 ° INT NULL ,
‘aux2 ¢ INT NULL |,
‘paratrac_iid * INT NOT NULL ,
‘workflow_trial_id * INT NOT NULL ,
‘dummy_id * INT NOT NULL AUTO.INCREMENT |,

PRIMARY KEY ( ‘dummy._id ‘, ‘paratrac_iid °, ‘sysc ‘, ‘stamp ‘, ‘workflow_trial_id °,
CONSTRAINT ‘fk_syscall_paratrac_runtimel °

FOREIGN KEY ( ‘paratrac_iid * , ‘workflow_trial_id * )

REFERENCES ‘parpdb ‘. ‘ paratrac_runtime ° (‘iid * , ‘workflow_trial_id * )

ON DELETE CASCADE
ON UPDATE NO ACTION,
CONSTRAINT “fk_paratrac_syscall_syscall_namel °

FOREIGN KEY ( ‘sysc ‘ )
REFERENCES ‘parpdb ‘. ‘ paratrac_syscall_name ° (‘syscall_id © )
ON DELETE CASCADE
ON UPDATE NO ACTION)

ENGINE = InnoDB

DEFAULT CHARACTER SET = utf8§;

CREATE INDEX ‘fk_syscall_paratrac_runtimel °
ON ‘parpdb ‘. ‘paratrac_syscall * (‘paratrac_iid * ASC, ‘workflow_trial_id °* ASC)
CREATE INDEX °fk_paratrac_syscall_syscall_.namel °
ON ‘parpdb ‘. ‘paratrac_syscall * (‘sysc‘ ASC) ;
—— Table ‘parpdb ‘. ‘“paratrac_file *
CREATE TABLE IF NOT EXISTS ‘parpdb ‘. ‘paratrac_file * (
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‘fid ©* INT NOT NULL |,

‘path © TEXT NULL ,

‘paratrac_iid ¢ INT NOT NULL ,
‘workflow_trial_id * INT NOT NULL |,
‘dummy_id ©° INT NOT NULL AUTO_NCREMENT ,

PRIMARY KEY ( ‘dummy.id ‘, ‘fid °, ‘paratrac_iid ‘, ‘workflow_trial_id ‘) ,
CONSTRAINT “fk_paratrac_file_paratrac_runtimel °

FOREIGN KEY ( ‘paratrac_iid * , ‘workflow_trial_id * )

REFERENCES ‘parpdb ‘. ‘ paratrac_runtime ° (‘iid * , ‘workflow_trial_id * )

ON DELETE CASCADE

ON UPDATE NO ACTION)
ENGINE = InnoDB
DEFAULT CHARACTER SET = utf8§;

CREATE INDEX °fk_paratrac_file_paratrac_runtimel °
ON ‘parpdb . ‘paratrac_file ° (‘paratrac_iid * ASC, ‘workflow_trial_id * ASC)

SET SQL-MODE=@OLD_SQL-MODE;
SET FOREIGN_KEY_CHECKS=@OLD_FOREIGN_KEY_CHECKS;
SET UNIQUE_CHECKS=@OLD_UNIQUE_CHECKS

’
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CREATE VIEW funcprofile AS

SELECT =

FROM profile

WHERE group_s = "MPI’ OR group_s = 'TAUDEFAULT’;

CREATE VIEW funcranksum AS
SELECT
funcname ,
profexec_id ,
SUM(excl) rank_excl_sum ,
MAX(excl) rank_excl_max ,
MIN(excl) rank_excl_min ,
AVG(excl) rank_excl_avg,
SUM(incl) rank_incl_sum ,
MAX(incl) rank_incl_max ,
MIN(incl) rank_incl_min ,
AVG(incl) rank_incl_avg
FROM funcprofile
GROUP BY funcname, profexec_id;

CREATE VIEW groupexecmerge

AS

SELECT
frs .funcname funcname,
pe.profgroup_id profgroup.id,
AVG(frs.rank_excl_sum) exec_excl_sum_avg,
AVG( frs .rank_excl_max) exec_excl_-max_avg,
AVG( frs .rank_excl_min) exec_excl_min_avg,
AVG(frs.rank_excl_avg) exec_excl_avg_avg,
AVG( frs .rank_incl_sum) exec_incl_sum_avg,
AVG( frs .rank_incl_max) exec_incl_max_avg,
AVG(frs.rank_incl_-min) exec_-incl_-min_avg,
AVG( frs .rank_incl_avg) exec_incl_avg_avg

FROM funcranksum frs, profexec pe
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WHERE frs.profexec_id = pe.id
GROUP BY pe.profgroup_id, frs.funcname;

CREATE VIEW mpifuncprofile AS
SELECT =«

FROM profile

WHERE funcname LIKE *MPI %’ ;

CREATE VIEW pgroup-meta AS
SELECT pe.profgroup.id profgroup.id,
AVG(pe.exec_time) avg_time,
AVG(pe.display_time) avg_dtime,
pg.procs procs,
(sums.sum2 — sums.suml % sums.suml / sums.c ) / sums.c var,

(sums.sum_d2 — sums.sum_dl = sums.sum_dl / sums.c ) / sums.c dvar

FROM profexec pe,

profgroup pg,

(SELECT profgroup_-id pgid,
SUM(exec_time = exec_time) sum?2,
SUM(exec_time) suml,
SUM(display_time = display_-time) sum-_d2,
SUM(display_time) sum_dl,

COUNT (*) c
FROM profexec
GROUP BY profgroup-id) sums
WHERE pe . profgroup_.id = pg.id
AND pg.id = sums.pgid
GROUP BY profgroup_id, pg.procs;

CREATE VIEW pgroup._ratio AS

SELECT gem. funcname funcname,
gem. profgroup_id profgroup._id,
gem.exec_excl_avg_avg excl_pe_rank_avg,
gem.exec_incl_avg_avg incl_pe_rank_avg,
gem.exec_excl_max_avg excl_pe_rank_max_avg,
gem.exec_incl_max_avg incl_pe_rank_max_avg,
gem.exec_excl_min_avg excl_pe_rank_min_avg,
gem.exec_incl_min_avg incl_pe_rank_min_avg,
(gem.exec_excl_avg_avg / pgm.avg_time 1000000) excl_-avg_ratio
(gem.exec_incl_avg_avg / pgm.avg_time 1000000) incl_avg_ratio
(gem.exec_excl_max_avg / pgm.avg_time 1000000) excl-max_ratio
(gem.exec_incl_max_avg / pgm.avg_time 1000000) incl_-max_ratio
(gem.exec_excl_min_avg / pgm.avg_time 1000000) excl_min_ratio
(gem.exec_incl_min_avg / pgm.avg_time 1000000) incl_-min_ratio

FROM groupexecmerge gem,

pgroup_meta pgm
WHERE gem. profgroup-id = pgm.profgroup-id;
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A.2 Shell Script

U000 A4 . ParaTrac 0000 GXPMake D O DO JAWC O OO OO OO O

#!/bin/sh

cd /dataO/t2g-ppc—all/kabe/workflow/
START=2
ITER=9
USE_FUSE=1
PARALLELISM=128
application=jawc
dataset=data?2
datestr=‘date +%Y-%am%d *
if [ SUSE.FUSE = 1 ]; then
OUTDIR _PREFIX=$HOME/ public _html/ gpfs/${application}_\
pt-${dataset}_${PARALLELISM} _${datestr}_
else
OUTDIR _PREFIX=$HOME/ public _html/${application}_\
${dataset}_$ {PARALLELISM} _${datestr}_
fi
WF.DIR=/data0/t2g—ppc—all /kabe/workflow/${application }/solvers/gxp_make
FTRAC_PDIR=/tmp/kabe /workflow /
FTRAC_MOUNTPOINT=/tmp/ kabe / workflow / fmpt
FTRAC_DIR=$HOME/ hg/ paratrac
FTRAC_OPT=-obig_writes
REAL_WF_DIR=$WF_DIR
if [ ”x$USE_FUSE” = ”x1” ]; then
mkdir —p $FTRAC_MOUNTPOINT
cd $FTRAC_PDIR
# Relative path
REAL_WF_DIR=$FTRAC_MOUNTPOINT/$REAL_WF_DIR
fi
# Environments
gxpc e mkdir —p $FTRAC_MOUNTPOINT
gxpc export "FTRAC_DIR=$FTRAC_DIR”
gxpc export "REAL_WF_DIR=$REAL_WF_DIR”
gxpc export 'PATH=$FTRAC_DIR/ fs/fuse :$SPATH’
gxpc export 'PATH=${REAL_ WFDIR}/../../ modules/bin:$PATH’
gxpc export 'PATH=${REAL_WFDIR}/../../ modules/src /WWW2sf/tool /:$SPATH’
# libraries
gxpc export 'PYTHONPATH=$HOME/jawc—extmods/BeautifulSoup —3.2.0:$PYTHONPATH’
gxpc export 'PERLLIB=SHOME/jawc—extmods/Unicode—Japanese —0.47/blib/1ib :$PERLLIB’
gxpc export 'PERLLIB=$HOME/jawc—extmods/Text—Darts —0.09/blib/1ib :$PERLLIB’
gxpc export ‘LD LIBRARY PATH=$HOME/jawc—-extmods/Text—Darts —0.09/\
blib/arch/auto/Text/Darts :SLD_LIBRARY_PATH’
for iter in ‘seq $START $(($START + S$ITER - 1)) °
do
if [ ”x$USE_FUSE” = ”x1” ]; then
# Ensure unmounted and mount
gxpc e fusermount —u $FTRAC_MOUNTPOINT
# Clear log directory
ftrac_logdir=/bin/ls —d ${FTRAC_PDIR}/ ftrac —=x°
if [ —-d $ftrac_logdir ]; then
/bin/rm —rf $ftrac_logdir
fi
# Mount
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gxpc cd $FTRAC_PDIR
gxpc e ftrac $SFTRAC_MOUNTPOINT $FTRAC_OPT
fi
gxpc cd SREAL_WF_DIR
iterstr=‘printf ”%02d” $iter °
outdir=$OUTDIR_PREFIXS$iterstr
cd $SREAL_WF_DIR
gxpc make INPUT=$dataset -B all —j ${PARALLELISM} \
—— —a state_dir=$outdir
if [ "x$USE_FUSE” = ”x1” ]; then
gxpc cd ~
cd ~
sync
sleep 5
gxpc e fusermount —u $FTRAC_MOUNTPOINT
ftrac_logdir="‘/bin/1s —-d ${FTRAC_PDIR}/ ftrac —x*
/bin/rm —r S$outdir/ftrac —=x
sync
sleep 5
# Save ParaTrac Log directory
if [ -d $ftrac_logdir ]; then

gxpc e "rm —rf $outdir/”’ ‘hostname ’
gxpc e "mv $ftrac_logdir S$outdir/”’ ‘hostname
fi
fi
cd $WF_DIR

gxpc ed $WF_DIR
rm —-r out/$dataset
done

gxpc quit

<>
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