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1.1

0S

DBMS

diskio diskio
Linux DB

O 6GB
1/0 lozone OProfile
LKST!?

1.2

1.2.1 DBMS 2 L1=-YA VAR FI—V DR LER
DBT-3 diskio

OProfile diskio
diskio fsync fdatasync
osync odsync
1.2-1 diskio fsync DBT-3
L LKST 0SS
- 11 —
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diskio fsync DBT-3

16000 2000
- 1800
14000 |
-4 1600
12000 |
- 1400
B
2 10000 F
= 4 1200 &
- (5] N N
< I diskio fsync
+ |==+=DBT-3 LOAD
8000 1000 —6—DBT-3 POWER
DBT-3 THRUPUT
4 800
6000 |
4 600
4000 |
4 400
2000 |
-4 200
0 0
A B
1.2-1 diskio fsync DBT-3
OProfile diskio

1.2.2 OS DEFEMETOIETEDHKR EER
OS
iozone 11 1/0
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120
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1 3 4 5 6 7 8 9 10 11
ID
12-2
1.2-11/0
1/0 ID
CPU 3,4,6,7,9,10
CPU 1,2
5,8,11
CPU iozone
1/0
OProfile
CPU 8GB 1/0 LKST
1/0
CPU
CPU
iozone

OProfile LKST
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21 OS DBMS

2.1.1 diskio D EN{ERE

DBMS PostgreSQL diskio
diskio (O] DBMS
HDD 1/0
PostgreSQL
diskio

2111 PostgreSQL

DBMS PostgreSQL 7.4.6
2.1-1 PostgreSQL

PostgreSQL
Data Volume Write Ahead Log(WAL)
Data Volume check point
WAL
WAL
1/0 write fsync
2-1
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PostgreSQL
process

PostgreSQL
process

PostgreSQL
process

Shared Buffer for Shared Buffer for
. Data Volume . WAL
DBMS 1
IIIIIIIII"\\IIllIlIlIlIIIQII‘\IIIIIIIIIIIIIIIIII
\, \, v
0S N Kernel buffer - Kernel buffer
for Data Volume for WAL

AW s T e —
Data Volume Storage WAL Storage
2.1-1 PostgreSQL
2.1.1.2 diskio
diskio
diskio TSC CPU
DBMS
diskio-1.02
WAL
diskio-2.0

2 http://developer.osdl.jp/projects/doubt/
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2.1.1.3
diskio DBMS

2.1.1.3.1
diskio

2.1-2

Access Access Access Access

point 0 point 1 point n point n+1

Each Writg Size |
dl »l

sy

>
offset

fj R "
— Interleave Size K Interleave Size

2.1-2

Offset ( 0)

Interleave Size
Each Write Size

21132
diskio

Sampling Frequency diskio

2-3
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Start Logging
End Logging 0
Sampling Frequency-1
Start Logging  End Logging

Start Logging 1]
End Logging +1[ ]

2.1.1.3.3 Linux

Linux 3
Async open + write + fsync

Async open + write + fdatasync
Async open + write + sync + sync
O_DSYNC open + write

O_SYNC open + write

O_SYNC open + writev
O_DSYNC open + writev

Async open + writev + fsync
Async open + writev + fdatsync
Async open + writev + sync + sync
io_submit(2) + io_getevents(2)
mmap(2) + msync(2)

mmap2(2) + msync(2)

mmap64(2) + msync(2)

Async open + write
*Async open + write + fsync
*Async open + write + fdatasync
Async open + write + sync + sync
*O_DSYNC open + write
*O_SYNC open + write

* PostgreSQL
PostgreSQL Async
open + write + fsync

3 C Linux

2-4
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Async open + write

Async open + write + sync + sync  PostgreSQL

2114 Append/Overwrite
diskio
diskio Sequencial4, Interleave, Random 3
Sequencial 0 Each Write Size
Iseek(2) Interleave Size
Each Write Size
Interleave 0
i (i+1) Iseek(2)
Random 5
Iseek(2)
Append, Overwrite 2
Append Storage
storage
Overwrite Storage
Overwrite  Sequencial WAL
4
5 Mersenne Twister 123456
2-5
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2115 diskio
PostgreSQL diskio 2.1-1

2.1-1 diskio

Each Write Size(Byte) | 8192
Sampling Frequency 6144

Each Write Size  PostgreSQL WAL Storage
PostgreSQL 16MB
Sampling Frequency 48MB
diskio
16MB
ext3 indirect block access
16M
48MB
diskio
2-6
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212 FHRTB/N\—KHT7IZDUT

2121
(diskio)
2.1-2
21-2
Dell PowerEdge 26006
Intel Xeon 2.80GHz > 2
4GB
Ultra320 SCSI 36GB >< 2
2.1.2.2
e Linux
e CPU . Intel(R) Pentium(R) Processor
( TSC ) (2.11.14
)
e HDD
> HDD : 16MB
> HDD : 12MB
HDD 2 HDD
o : Linux 400Kbyte
2.1.2.3

CPU : Intel(R) Xeon(TM) CPU 2.80GHz

e HDD
> HDD : Ultra 320 SCSI HDD
48MB
> HDD : 36 MB
RAID
o - 4GB

6 http://wwwl.us.dell.com/content/products/productdetails.aspx/pedge 2600
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2124

21241 CPU
Intel(R) Pentium(R) Processor TSC 64bit
CPU 0 CPU
diskio TSC
CPU TSC
TSC TSC
2 TSC TSC
CPU CPU TSC
TSC CPU
TSC TSC
TSC CPU
TSC
TSC
21242 CPU
CPU TSC

TSC MIRACLE LINUX V3.0
TSC TSC
diskio CPU TSC
TSC BIOS CPU

CPU Linux

CPU TSC

213 FHEIT BV IO TIZDONT

2131.1
[ ]

»

(ON}

Linux kernel 2.4

e diskio

>

>
>
>

GNU make

mkfs (e2fsprogs )
gce 2.9x

glibc 2.0

bash-2.0

2-8

Copyright(c) Information-technology Promotion Agency, Japan. All rights reserved 2004



» [proc/cpuinfo, /proc/version, /proc/meminfo, /proc/scsi/scsi

21312 (O8]

(OK] MIRACLE LINUX V3.0 rpm
e kernel-2.4.21-9.38AX
e kernel-smp-2.4.21-9.38AX
e kernel-debuginfo-2.4.21-9.38AXsmp
e bash-2.05b-29AX
e make-3.79.1-17
e e2fsprogs-1.32-15
e gcc-3.2.3-36
e glibc-2.3.2-95.20.1AX
e glibc-devel-2.3.2-95.20.1AX

LvM
21313 0s
MIRACLE LINUX V3.0
kernel-2.4.21-9.38AX
21314
diskio 2124
OProfile CPU OProfile smp

2-9
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214 OSDA VA =)L

2.14.1
7
2.1-3
2.1-3
2.1-4
MBR
2.1.4.2
diskio 2
HDD
2.1-4
2.1-4
/dev/sdal 1GB /boot
/dev/sda2 1GB
/dev/sda3 16GB /
/dev/sda4 18GB /work
/dev/sdbl 36GB

7 http://www.miraclelinux.com/products/linux/m130/pdf/installation_guide.pdf
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2.15 OS MHFE

2151

kernel-2.4.21-9.38AX.i686.rpm kernel-smp-2.4.21-9.38AX.i686.rpm
URL
http://ftp.miraclelinux.com/pub/Miracle/ia32/standard/3.0/updates/RPMS/
http://ftp.miraclelinux.com/pub/Miracle/ia32/standard/3.0/updates/RPMS/.oldrele
ase/

OProfile
kernel-debuginfo-2.4.21-9.38AXsmp.i686.rpm URL

http://ftp.miraclelinux.com/pub/Miracle/ia32/standard/3.0/updates/unsupported/
RPMS/

rpm -ivh

# rpm —ivh kernel-2. 4. 21-9. 38AX. i686. rpm kerne|-smp-2. 4. 21-9. 38AX. i686. rpm \
kernel-debuginfo-2. 4. 21-9. 38AXsmp. i686. rpm

2.1.5.2
diskio mount, umount,
mkfs
2.15.3
1 DB
HDD DB

DBMS  Write Ahead Log(WAL)
2.1.54
diskio ext3

ext3 3

8 DBT-3 PostgreSQL
ordered
8 man mount(8)

2-11
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2.1.55
diskio
mkfs

2.1.5.6
1/0

216 Y—ILDA A =)L

2.16.1

diskio-2.0.tar.gz $(DIR_DISKIO)
tar diksio-2.0

$ cd $(DIR_DISKIO)
$ tar zxvf diskio-2.0. tar. gz

$(DIR_DISKIO) /root/diskio

$ cd /root/diskio
$ tar zxvf diskio-2.0. tar.gz

2.16.2

$ cd $(DIR_DISKIO) /diskio-2.0/src
$ make

$ cd /root/diskio/diskio-2.0/src
$ make

2-12
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217 Y—ILDETFE

diskio OProfile
OProfile
OProfile
2.1.7.1
$ cd $(DIR_DISKIO) /diskio-2.0/
$ mkdir run
‘$ mkdir run/test
$ cd /root/diskio/diskio-2.0/
$ mkdir run
$ mkdir run/test
2.1.7.2
diskio $(DIR_DISKIO)
OProfile "list”  OProfile "list_oprofile”

‘$ cp $(DIR_DISKIO) /diskio-2.0/1ist $(DIR_DISKIO)/diskio-2.0/run

OProfile

‘$ cp $(DIR_DISKIO) /diskio—2.0/1ist_oprofile $(DIR_DISKIO) /diskio—2.0/run

‘$ cp /root/diskio/diskio-2.0/list /root/diskio/diskio-2.0/run

OProfile

‘$ cp /root/diskio/diskio-2.0/1ist_oprofile /root/diskio/diskio-2.0/run

HDD
$(WRITE_DEVICE)

"list" 7 TARGET_PARTITION

TARGET_PARTITION=$(WRITE_DEVICE)

2-13
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Distribution  Version
"list" 22 DISTROVERSION
DISTROVERSION=" n_n

version $(DISTROVERSION)

$(WRITE_DEVICE) "/dev/sdbl” $(DISTROVERSION)
"Miracle3.0-2.4.21-9.38AX” list

#1/bin/bash

B
# Copyright (c) 2005 NTT DATA CORPORATION
HHHH A R

TARGET_PARTITI10N=/dev/sdb1
MOUNTPOINT=. /test
TESTFILE="$MOUNTPOINT/testfile”
RUNPATH=".. /bin/"

#Each Write Size of PostgreSQL Transaction Log Writing
WRITESIZE=8192

#File size is 48MB(Three times of default log file size.)
SAMPL INGFREQ=6144

STARTLOGGING=0

ENDLOGG | NG=$ SAMPL INGFREQ

INTERLEAVES|ZE=8192
SEEKRANGE=6144

DISTROVERSION="Miracle3. 0-2. 4. 21-9. 38AX"
LOGFNAMEHEAD=$D | STROVERS | ON

TARGETFS="ext3-dj ext3-do ext3—dw’

tryfunc2 ()

{
runfunc=$1;
create=$2;
fsname=$3;

2-14
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echo “runfunc = $runfunc”
echo “create = $create”
echo “fsname = $fsname”

if [ -n "$LOGFNAMEHEAD” ] && [ ! —d “$LOGFNAMEHEAD” 1 then
mkdir “./$LOGFNAMEHEAD”;

fi

if [ -n “$fsname” 1 && [ ! -d “. /$LOGFNAMEHEAD/$fsname” 1. then
mkdir “. /$LOGFNAMEHEAD/$fsname”;

fi

runfunc2="echo “$runfunc” | sed 's/¥///g °

logfilename="echo “./$LOGFNAMEHEAD/$fsname/$runfunc2. log”"

echo > $logfilename; # clear log file

case $fsname in

"ext2')
echo mke2fs $TARGET_PARTITION >> $logfilename 2>&1;
mke2fs $TARGET_PARTITION >> $logfilename 2>&1;
MOUNTOPTION="";

"ext3-dj’)
echo mke2fs —j $TARGET_PARTITION >> $logfilename 2>&1
mke2fs —j $TARGET_PARTITION >> $logfilename 2>&1
MOUNTOPTION="-odata=journal’ ;

"ext3-do’)
echo mke2fs —j $TARGET_PARTITION >> $logfilename 2>&1
mke2fs —j $TARGET_PARTITION >> $logfilename 2>&1
MOUNTOPT ION="-odata=ordered’ ;

"ext3-dw’)
echo mke2fs —j $TARGET_PARTITION >> $logfilename 2>&1
mke2fs —j $TARGET_PARTITION >> $logfilename 2>&1
MOUNTOPT | ON="—odata=wr i teback’ ;

2-15
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"rfs')
echo mkreiserfs —f —f $TARGET_PARTITION >> $logfilename 2>&1
mkreiserfs —f —f $TARGET_PARTITION >> $logfilename 2>&1
MOUNTOPTION="";

"rfs-nl")
echo mkreiserfs —f —f $TARGET_PARTITION >> $logfilename 2>&1
mkreiserfs —f —f $TARGET_PARTITION >> $logfilename 2>&1
MOUNTOPTION="—-onolog’ ;

"xfs')
echo mkfs. xfs —f —-q $TARGET_PARTITION >> $logfilename 2>&1
mkfs. xfs —f —q $TARGET_PARTITION >> $logfilename 2>&1
MOUNTOPTION="";

"xfs-nat’)
echo mkfs. xfs —f —q $TARGET_PARTITION >> $logfilename 2>&1
mkfs. xfs —f —g $TARGET_PARTITION >> $logfilename 2>&1
MOUNTOPT ION="—onoat ime’ ;

"xfs-osids’)
echo mkfs. xfs —f —q $TARGET_PARTITION >> $logfilename 2>&1
mkfs. xfs —f —q $TARGET_PARTITION >> $logfilename 2>&1
MOUNTOPT ION="-oo0syncisdsync’ ;

"xfs-nat-osids’)
echo mkfs. xfs —f —-q $TARGET_PARTITION >> $logfilename 2>&1
mkfs. xfs —f —q $TARGET_PARTITION >> $logfilename 2>&1
MOUNTOPT I ON="—onoat ime, osyncisdsync’ ;

"jfs")
echo "could not find filesystem formatter for JFS' >> $logfilename
2>8&1
exit -1;

esac

if [ “$create”="create’ 1; then

2-16
Copyright(c) Information-technology Promotion Agency, Japan. All rights reserved 2004




echo >> $logfilename;
echo 'create file' >> $logfilename

echo mount $MOUNTOPTION $TARGET _PARTITION  $MOUNTPOINT >>
$logfilename 2>&1
mount $MUONTOPTION $TARGET_PARTITION $MOUNTPOINT >> $logfilename

2>81

if [ $PIPESTATUS !'=0 ]; then

exit -1;

fi

echo "' >> $logfilename 2>&1

reqfilesize=$ (( WRITESIZE * SAMPLINGFREQ ));

echo "required file size ="' $reqfilesize >> $logfilename 2>&1

echo “head —c $reqfilesize /dev/zero” "> $TESTFILE" >> $logfilename
2>81

head -c¢ $reafilesize /dev/zero > $TESTFILE

echo umount $MOUNTPOINT >> $logfilename 2>&1
umount $MOUNTPOINT >> $logfilename 2>&1
fi

echo >> $logfilename
echo mount $MOUNTOPTION $TARGET_PARTITION $MOUNTPOINT >> $logfilename 2>&1
mount $MUONTOPTION $TARGET_PARTITION $MOUNTPOINT >> $logfilename 2>&1
if [ $PIPESTATUS != 0 1: then
exit -1;
fi

echo >> $logfilename

echo “/proc/cpuinfo” >> $logfilename;
cat /proc/cpuinfo >> $logfilename;
echo >> $logfilename
echo “/proc/version” >> $logfilename;
cat /proc/version >> $logfilename;
echo >> $logfilename
echo “/proc/meminfo” >> $logfilename;
cat /proc/meminfo >> $logfilename;
2-17
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echo > $logfilename
echo “/proc/scsi/scsi” >> $logfilename;
cat /proc/scsi/scsi >> $logfilename;
echo > $logfilename

echo ' TARGET_PARTITION

" $TARGET_PARTITION >> $logfilename;

echo 'FILE SYSTEM = $fsname >> $logfilename;
echo ' TEST TYPE =" $runfunc >> $logfilename;
echo 'WRITESIZE =" $WRITESIZE >> $logfilename;
echo " SAMPLINGFREQ =" $SAMPL INGFREQ >> $logfilename;
echo ' STARTLOGG ING =" $STARTLOGGING >> $logfilename;
echo 'ENDLOGGING = ' $ENDLOGGING >> $logfilename;

echo 77 >> $logfilename;

echo $RUNPATH/$runfunc -F $TESTFILE -w $WRITESIZE -f $SAMPLINGFREQ -s
$STARTLOGGING —e $ENDLOGGING —i $INTERLEAVESIZE -S $SEEKRANGE  >> $logfilename;

$RUNPATH/$runfunc -F  $TESTFILE -w $WRITESIZE -f $SAMPLINGFREQ -s
$STARTLOGGING —e $ENDLOGGING —i $INTERLEAVESIZE -S $SEEKRANGE ~ >>  $logfilename
2>81;

echo umount $MOUNTPOINT >> $logfilename 2>&1
umount $MOUNTPOINT
if [ $PIPESTATUS !=0 ]; then

exit -1;
fi
}
tryfunc ()
{
runfunc=$1;

createfile=$2
for fsname in $TARGETFS ; do

tryfunc2 $runfunc $createfile $fsname ;
done

if [ ! —d “$MOUNTPOINT” ]; then
mkdir $MOUNTPOINT;

2-18
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fi

for runfunc in ¥
open-noopt—-noopt-async_fdatasync—inter |eave¥
open-noopt—noopt-async_fdatasync—sequencial¥
open—noopt—noopt—async_fdatasync—random¥
open-noopt-open_L-async_fdatasync—inter |eave¥
open-noopt-open_L-async_fdatasync-sequencial¥
open—noopt—open_L-async_fdatasync—random¥
open—-noopt—-noopt-async_fsync—inter |leave¥
open-noopt—-noopt-async_fsync-sequencial¥
open—noopt—noopt—async_fsync—random¥
open-noopt-open_L-async_fsync—-inter |eave¥
open-noopt-open_L-async_fsync-sequencial¥
open—noopt—open_L-async_fsync—random¥
open—-noopt—-noopt—async_syncsync—inter | eave¥
open-noopt—-noopt-async_syncsync-sequencial¥
open—noopt-noopt-async_syncsync—random¥
open-noopt-open_L-async_syncsync—inter |eave¥
open-noopt-open_L-async_syncsync—sequencial¥
open—noopt—open_L-async_syncsync—random¥
open-noopt—-noopt—async_write—inter |leave¥
open—-noopt—-noopt-async_write-sequencial¥
open—noopt—noopt—async_wr i te-random¥
open—-noopt-open_L-async_write-inter |eave¥
open-noopt-open_L-async_write-sequencial¥
open—noopt—open_L-async_wr i te-random¥
open—-noopt—-noopt—odsync_write-inter |leave¥
open—-noopt—-noopt—odsync_write-sequencial¥
open—noopt—noopt—odsync_wr i te—random¥
open-noopt-open_L-odsync_write—inter|eave¥
open—-noopt-open_L-odsync_write-sequencial¥
open—noopt—open_L-odsync_wr i te—random¥
open-noopt—-noopt—osync_wr ite—inter leave¥
open—-noopt—noopt—osync_wr ite-sequencial¥
open—noopt—noopt—osync_wr i te—-random¥
open-noopt-open_L-osync_write-inter |eave¥
open-noopt-open_L-osync_write-sequencial¥
open—noopt—open_L-osync_wr i te-random¥

, do

2-19
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tryfunc $runfunc “create”;
done

for runfunc in ¥
open-open_GC-noopt-async_fdatasync—inter |eave¥
open—open_G-noopt—-async_fdatasync—sequencial¥
open-open_GC-open_L-async_fdatasync—inter |eave¥
open-open_GC-open_L-async_fdatasync—sequencial¥
open—open_G-noopt—-async_fsync—inter |eave¥
open-open_GC-noopt-async_fsync—-sequencial¥
open-open_GC-open_L-async_fsync—inter |eave¥
open—open_G-open_L-async_fsync—-sequencial¥
open-open_GC-noopt—async_syncsync—inter |eave¥
open-open_GC-noopt—async_syncsync—sequencial¥
open—open_G-open_L—-async_syncsync—inter | eave¥
open-open_GC-open_L—async_syncsync—sequencial¥
open-open_GC—noopt-async_write-inter|eave¥
open—open_G-noopt—-async_write-sequencial¥
open-open_GC—-open_L—-async_write—inter|eave¥
open-open_GC-open_L-async_write-sequencial¥
open—open_G—-noopt-odsync_wr ite—inter leave¥
open-open_GC—noopt-odsync_wr ite-sequencial¥
open-open_GC-open_L-odsync_wr ite—inter|leave¥
open—open_G-open_L—odsync_wr ite-sequencial¥
open-open_GC-noopt-osync_write-inter |leave¥
open-open_GC—noopt-osync_write-sequencial¥
open—open_G-open_L—-osync_wr ite—inter leave¥
open-open_GC-open_L-osync_wr ite-sequencial¥

; do
tryfunc $runfunc “nocreate”;

done

echo “Finished.”

2-20
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OProfile $(WRITE_DEVICE) "/dev/sdbl” $(DISTROVERSION)
"Miracle3.0-2.4.21-9.38AXsmp” “list_oprofile”

#!/bin/bash

WA S
# Copyright (c) 2005 NTT DATA CORPORATION
e

TARGET_PART I TION=/dev/sdb1
MOUNTPOINT=. /test
TESTFILE="$MOUNTPOINT/testfile”
RUNPATH=".. /bin/”

#Each Write Size of PostgreSQL Transaction Log Writing
WRITESIZE=8192

#File size is 48MB(Three times of default log file size.)
SAMPL INGFREQ=6144

STARTLOGGING=0

ENDLOGG | NG=$ SAMPL INGFREQ

INTERLEAVES |ZE=8192
SEEKRANGE=6144

DISTROVERSION="Miracle3. 0-2. 4. 21-9. 38AX"
LOGFNAMEHEAD=$D | STROVERS | ON

TARGETFS="ext3-dj ext3—-do ext3—-dw’

tryfunc2 ()

{
runfunc=$1;
create=$2;
fsname=$3;

echo “runfunc = $runfunc”

echo “create = $create”
echo “fsname = $fsname”

if [ -n "$LOGFNAMEHEAD” 1 && [ ! -d "$LOGFNAMEHEAD” 1; then
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mkdir “. /$LOGFNAMEHEAD” ;

fi

if [ -n “$fsname” 1 && [ ! -d “. /$LOGFNAMEHEAD/$fsname” 1:; then
mkdir “. /$LOGFNAMEHEAD/$fsname”;

fi

runfunc2="echo “$runfunc” | sed 's/¥///g °

logfilename="echo ”./$LOGFNAMEHEAD/$fsname/$runfunc2. log”"

echo > $logfilename; # clear log file

case $fsname in

"ext2')
echo mke2fs $TARGET_PARTITION >> $logfilename 2>&1;
mke2fs $TARGET_PARTITION >> $logfilename 2>&1;
MOUNTOPTION="";

"ext3-dj’)
echo mke2fs —j $TARGET_PARTITION >> $logfilename 2>&1
mke2fs —j $TARGET_PARTITION >> $logfilename 2>&1
MOUNTOPT | ON="—odata=journal’ ;

"ext3-do’)
echo mke2fs —j $TARGET_PARTITION >> $logfilename 2>&1
mke2fs —j $TARGET_PARTITION >> $logfilename 2>&1
MOUNTOPT ION="—odata=ordered’ ;

"ext3-dw’)
echo mke2fs —j $TARGET_PARTITION >> $logfilename 2>&1
mke2fs —j $TARGET_PARTITION >> $logfilename 2>&1
MOUNTOPT | ON="—odata=wr i teback’ ;

"rfs')
echo mkreiserfs —f —f $TARGET_PARTITION >> $logfilename 2>&1
mkreiserfs —f —f $TARGET_PARTITION >> $logfilename 2>&1
MOUNTOPTION="";

"rfs-nl")
echo mkreiserfs —f —f $TARGET_PARTITION >> $logfilename 2>&1
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mkreiserfs —f —f $TARGET_PARTITION >> $logfilename 2>&1
MOUNTOPTION="-onolog’ ;

"xfs')
echo mkfs. xfs —f —q $TARGET_PARTITION >> $logfilename 2>&1
mkfs. xfs —f —g $TARGET_PARTITION >> $logfilename 2>&1
MOUNTOPTION="";

"xfs-nat’)
echo mkfs. xfs —f —-q $TARGET_PARTITION >> $logfilename 2>&1
mkfs. xfs —f —q $TARGET_PARTITION >> $logfilename 2>&1
MOUNTOPT ION="—onoat ime’ ;

"xfs-osids’)
echo mkfs. xfs —f —-q $TARGET_PARTITION >> $logfilename 2>&1
mkfs. xfs —f —q $TARGET_PARTITION >> $logfilename 2>&1
MOUNTOPT | ON="—oosyncisdsync’ ;

" xfs-nat-osids’)
echo mkfs. xfs —f —-q $TARGET_PARTITION >> $logfilename 2>&1
mkfs. xfs —f —g $TARGET_PARTITION >> $logfilename 2>&1
MOUNTOPT I ON="—onoat ime, osyncisdsync’ ;

"jfs’)
echo "could not find filesystem formatter for JFS' >> $logfilename
2>81
exit -1;

esac

if [ “$create”="create’ ]; then
echo >> $logfilename;
echo 'create file' >> $logfilename

echo mount $MOUNTOPTION $TARGET_PARTITION  $MOUNTPOINT >>
$logfilename 2>&1

mount $MUONTOPTION $TARGET_PARTITION $MOUNTPOINT >> $logfilename
2>81
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2>81

if [ $PIPESTATUS =0 ]; then
exit -1;
fi

echo "' >> $logfilename 2>&1

regfilesize=$ (( WRITESIZE * SAMPLINGFREQ )) ;
echo 'required file size =" $reqfilesize

echo “head —c $reqafilesize /dev/zero” "> $TESTFILE’
head -¢ $reqfilesize /dev/zero > $TESTFILE

echo umount $MOUNTPOINT >> $logfilename 2>&1
umount $MOUNTPOINT >> $logfilename 2>&1

fi

echo >> $logfilename

>> $logfilename 2>&1

>> $logfilename

echo mount $MOUNTOPTION $TARGET_PARTITION $MOUNTPOINT >> $logfilename 2>&1
mount $MUONTOPTION $TARGET PARTITION $MOUNTPOINT >> $logfilename 2>&1

if [ $PIPESTATUS =0 ]; then
exit -1;
fi

echo >> $logfilename
echo “/proc/cpuinfo”
cat /proc/cpuinfo
echo >> $logfilename
echo ”/proc/version”
cat /proc/version
echo >> $logfilename
echo ”/proc/meminfo”
cat /proc/meminfo
echo >> $logfilename
echo “/proc/scsi/scsi”
cat /proc/scsi/scsi
echo >> $logfilename

>> $logfilename;
>> $logfilename;

>> $logfilename;
>> $logfilename;

>> $logfilename;
>> $logfilename;

>> $logfilename;
>> $logfilename;

echo 'TARGET _PARTITION = ' $TARGET_PARTITION >> $logfilename;

echo 'FILE SYSTEM =" $fsname >> $logfilename;

echo ' TEST TYPE =" $runfunc >> $logfilename;

echo 'WRITESIZE =" $SWRITESIZE >> $logfilename;
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echo " SAMPLINGFREQ
echo ' STARTLOGGING
echo "ENDLOGGING

" $SAMPL INGFREQ >> $logfilename;
" $STARTLOGGING >> $logfilename;
" $ENDLOGGING >> $logfilename;

echo 77 >> $logfilename;

echo “opcontrol ——vmlinux=/usr/|ib/debug/boot/vmlinux-"uname —r . debug”

opcontrol  ——vmlinux=/usr/lib/debug/boot/vml inux—"uname -r .debug >>
$logfilename

echo “opcontrol —reset”

opcontrol ——reset >> $logfilename

echo “opcontrol ——start”

opcontrol —start >> $logfilename

echo ”” >> $logfilename

echo $RUNPATH/$runfunc -F $TESTFILE -w $WRITESIZE -f $SAMPLINGFREQ -s
$STARTLOGGING —-e $ENDLOGGING —i $INTERLEAVESIZE -S $SEEKRANGE  >> $logfilename;

time $RUNPATH/$runfunc -F $TESTFILE -w $WRITESIZE -f $SAMPLINGFREQ -s
$STARTLOGGING —-e $ENDLOGGING —i $INTERLEAVESIZE -S $SEEKRANGE >>  $logfilename
2>81;

echo “opcontrol ——save=diskio-$logfilename”

opcontrol —save=diskio-$logfilename >> $logfilename

echo “opcontrol —shutdown”

opcontrol —shutdown >> $logfilename

echo umount $MOUNTPOINT >> $logfilename 2>&1
umount $MOUNTPOINT
if [ $PIPESTATUS =0 ]; then

exit -1;
fi
}
tryfunc ()
{
runfunc=$1;

createfile=§2
for fsname in $TARGETFS ; do

tryfunc2 $runfunc $createfile $fsname ;
done
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if [ ! —d “$MOUNTPOINT” ]; then
mkdir $MOUNTPOINT;
fi

for runfunc in ¥
open-noopt—noopt-async_fdatasync—inter |eave¥
open-noopt—-noopt-async_fdatasync—sequencial¥
open—noopt—noopt—async_fdatasync—random¥
open-noopt-open_L-async_fdatasync—inter |eave¥
open-noopt-open_L-async_fdatasync-sequencial¥
open—noopt—open_L-async_fdatasync—random¥
open-noopt—-noopt-async_fsync—inter |leave¥
open-noopt—-noopt-async_fsync-sequencial¥
open—noopt—noopt—async_fsync—random¥
open—-noopt-open_L-async_fsync—-inter |eave¥
open-noopt-open_L-async_fsync-sequencial¥
open—noopt—open_L-async_fsync—random¥
open—-noopt—-noopt-async_syncsync—inter | eave¥
open-noopt—-noopt-async_syncsync-sequencial¥
open—noopt-noopt-async_syncsync—random¥
open-noopt-open_L-async_syncsync—inter |eave¥
open-noopt-open_L-async_syncsync—sequencial¥
open—noopt—open_L-async_syncsync—random¥
open—-noopt—-noopt-async_write—inter |leave¥
open—-noopt—-noopt-async_write-sequencial¥
open—noopt—noopt—async_wr i te-random¥
open-noopt-open_L-async_write-inter|eave¥
open-noopt-open_L-async_write-sequencial¥
open—noopt—open_L-async_wr i te-random¥
open-noopt—-noopt—odsync_write-inter |leave¥
open—-noopt—-noopt—odsync_write-sequencial¥
open—noopt—noopt—odsync_wr i te—random¥
open—-noopt-open_L-odsync_write—inter|leave¥
open-noopt-open_L-odsync_write-sequencial¥
open—noopt—open_L-odsync_wr i te—random¥
open-noopt—-noopt—osync_wr ite—inter leave¥
open—-noopt—-noopt—osync_wr ite-sequencial¥
open—noopt—noopt—osync_wr i te—-random¥
open-noopt-open_L-osync_write-inter |leave¥
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open-noopt-open_L-osync_write-sequencial¥
open-noopt-open_L-osync_wr i te-random¥

, do
tryfunc $runfunc “create”;

done

for runfunc in ¥
open-open_GC-noopt-async_fdatasync—inter |eave¥
open—open_G-noopt-async_fdatasync—sequencial¥
open-open_GC-open_L-async_fdatasync—inter |eave¥
open-open_GC-open_L-async_fdatasync—sequencial¥
open—open_G-noopt—-async_fsync—inter |eave¥
open-open_GC-noopt-async_fsync—-sequencial¥
open-open_GC-open_L-async_fsync—inter |eave¥
open—open_G-open_L-async_fsync—-sequencial¥
open-open_GC-noopt-async_syncsync—inter |eave¥
open-open_GC—-noopt-async_syncsync—sequencial¥
open—open_G-open_L-async_syncsync—inter | eave¥
open-open_GC—-open_L—async_syncsync—sequencia l¥
open-open_GC—noopt—-async_write-inter|eave¥
open—open_G-noopt—-async_write-sequencial¥
open-open_GC—-open_L-async_write—inter|eave¥
open-open_GC-open_L-async_write-sequencial¥
open—open_G—-noopt-odsync_wr ite—inter leave¥
open-open_GC—noopt—-odsync_wr ite-sequencial¥
open-open_C—open_L-odsync_wr ite—inter |eave¥
open—open_G-open_L—odsync_wr ite-sequencial¥
open-open_GC—noopt-osync_write-inter |leave¥
open-open_GC—noopt-osync_write-sequencial¥
open—open_G-open_L—-osync_wr ite—inter leave¥
open-open_GC—-open_L-osync_wr ite-sequencial¥

; do
tryfunc $runfunc “nocreate”;

done

echo “Finished.”

2-27
Copyright(c) Information-technology Promotion Agency, Japan. All rights reserved 2004




2.2 OS
2.2.1 Y—)LMinEA

2.2.1.1 lozone
lozone iozone
1/0 tarball
/root/os-bench/docs/
http://www.iozone.org/

lozone
Linux
1/0

lozone

POSIX async 1/0
mmap() 1/0
110
stream
stream
POSIX

Excel
1/0
64

Stonewalling

°

® fsync, O SYNC
® NFS

lozone

—a
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1/0

-t 1/0
initial write  read strided
1/0
1/0 stream -t
iozone 1/0
-T
1
2.2-1

-s -n -g

-r -y =q

-t - -u

iozone 2.2-2
2.2-3
2.2-2 1/0
write
re-write
read
re-read
random read
random write
random mix
read backwards
record rewrite
read strided
fwrite/frewrite write() fwrite() write re-write
fread/freread read() fread() read re-read
pread/pwrite pread()/pwrite()
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aio_read/aio_write

POSIX async 1/0

mmap mmap()
2.2-3 iozone

-a 4k-16M
64k-512M

-A

-b filename Excel

-B mmap()

-C close()

-C

-d #

-D mmap msync(MS_ASYNC)

-e fsync, fflush

-E pread/pwrite

-t filename

-F filename

filename --- /

g # Kbytes

-G mmap msync(MS_SYNC)

-h

-H # POSIX async 1/0

-i # O:write/read, 1:read/re-read,
2:random-read/write, 3:read-backwards, 4:re-write-record,
5:stride-read, 6:fwrite/re-fwrite, 7:fread/re-fread, 8:random
mix, 9:write/re-pwrite, 10:pread/re-pread,
11:pwritev/re-pwritev, 12:preadv/re-preadv

=1 VXFS VX_DIRECT

- # Stride stride

-J # 1/0

kK # POSIX async 1/0O (bcopy )

-K

-1 #

-L# Byte
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uname —a

Kbytes

O_SYNC

Kbyte

Kbyte

Excel

t{k, K, mM g, G}

m,M:Mbytes, g,G:Gbytes

k,K:Kbytes,

-S#

Kbyte

-t #

-T

POSIX pthread

-u

-U mountpoint

-V

lozone

-V #

write

read

read/write

Stone-walling

-X filename

write

-y #

Kbyte

-Y filename

read

-a

mmap 1/0

1/0

110

CPU

read

O_RSYNC]O_SYNC
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—+n Retest re-read, re-write

—+K /

—+q ¢

_+|

_+L

—D O_DSYNC

—+A # mmap 1/0 madvice()
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2.2.1.2 OProfile
OProfile Linux 2.2/2.4/2.6

PC (Program Counter)
CPU

CPU
CPU CPU
® Pentium®lll CPU CLK _UNHALTED Pentium®4
GLOBAL_POWER_EVENTS
OProfile http://oprofile.sourceforge.net/
FAQ
MIRACLE LINUX V3.0 OProfile
oprofile-0.5.4-22.i386.rpm
OProfile

Ivar/lib/oprofile/samples

/usr/bin/opcontrol

OProfile
—vml inux=<kernel file>
—reset
—ctr0-count=<number>
——start
——shutdown
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—save=<session name>

# opcontrol ——vmlinux=/usr/|ib/debug/boot/vml inux-$ (uname -r). debug
# opcontrol —reset
# opcontrol —start

/usr/bin/oprofpp

-i <kernel file>

-L

-0

-r

-t <{format>

# oprofpp —i /usr/lib/debug/boot/vmlinux-$ (uname -r).debug -1 -r

/usr/bin/op_to_source

—-i <kernel file>

——output-dir <directory>

# op_to_source —-i /usr/lib/debug/boot/vmlinux-$ (uname -r).debug \
—output—dir . /data
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2.2.1.3 LKST
LKST LKST http://Ikst.sourceforge.net/
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222 N—FKY 7R

2.2-4
2.2-4
Dell PowerEdge 26009
Intel® Xeon™ 2.0GHz x 2 HT 4
[family:15, model:2, stepping:7, cache size:512KB]
6GB
Intel® E7500, 82870P2 P64H2, 82801CA
LSI Logic 53C1030 + PERC 4/Di RAID
RAID

ID
0 | Maxtor | ATLAS10K4 |36G | 10krpm | 8MB | U320
1 | Seagate | ST336607LC |36G | 10krpm | 8MB | U320
2 | Seagate | ST336607LC | 36G | 10krpm | 8MB | U320
3 MAN3184MC | 18G | 10krpm | 8MB | U160
4 MAN3184MC | 18G | 10krpm | 8MB | U160
5 | Seagate | ST318404LC | 18G | 10krpm | 4MB | U160

CPU4 6GB 6

lozone
OProfile up( )
CPU smp
root

9 http://wwwl.us.dell.com/content/products/productdetails.aspx/pedge 2600
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223 OSDODA VA =L
oS MIRACLE LINUX V3.0 — Asianux Inside

2004 12 2.4.21-9.38AX
10
2.2-5
2.2-5
2.2-6
MBR
2.2-6 ACPU 4
1/0 1/0 4
OS
2.2-6
/dev/sdal 100MB /boot
/dev/sda2 4GB /
/dev/sda3 2GB
/dev/sdbl 8GB [test/f1
/dev/sdcl 8GB [test/f2
/dev/sdd1 8GB [test/f3
/dev/sdel 8GB [test/f4
/dev/sdfl

10 http://www.miraclelinux.com/products/linux/mi30/pdf/installation_guide.pdf
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2.2.4 OS DHXFE

OS OS
LKST
2241
sshd

sshd ssh root

# vi /etc/ssh/sshd_config

PermitRootLogin yes {TMa* > FZ4LTHESNIZL.

PermitRootLogin no {723 A > 7 F L TESNZT S,

# service sshd restart
22472

kernel-smp-2.4.21-9.38AX.i686.rpm URL

http://ftp.miraclelinux.com/pub/Miracle/ia32/standard/3.0/updates/RPMS/
http://ftp.miraclelinux.com/pub/Miracle/ia32/standard/3.0/updates/RPMS/.oldrele

ase/
OProfile
kernel-debuginfo-2.4.21-9.38AX.i686.rpm
URL
http://ftp.miraclelinux.com/pub/Miracle/ia32/standard/3.0/updates/unsupported/
RPMS/

http://ftp.miraclelinux.com/pub/Miracle/ia32/standard/3.0/updates/unsupported/
RPMS/.oldrelease/

rpm -ivh

# rpm —ivh kernel-smp-2. 4. 21-9. 38AX. i686. rpm \
kernel-debuginfo-2. 4. 21-9. 38AX. i1686. rpm
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2.24.3 LKST

LKST kernel-smp-2.4.21-9.38AX.1kst10.i686.rpm
kernel-debuginfo-2.4.21-9.38AX.1kst10.i686.rpm
Ikstutils-2.2.1-10AX.rpm URL
http://ftp.miraclelinux.com/pub/OSSF/2004/LKST/

URL

3 rpm
-ivh -Uvh

# rpm —ivh kernel-smp-2. 4.21-9. 38AX. 1kst10. i686. rpm \
kernel-debuginfo-2. 4. 21-9. 38AX. |kst10. i686. rpm
# rpm -Uvh lkstutils—2.2. 1-10AX. rpm

2244
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225 Y—ILDERFE
lozone Web (http://www.iozone.org/) Stable tarball
iozone3_226.tar
/root/os-bench

# tar xf iozone3_226. tar
# cd src/current
# make Iinux

tecd../..

lozone /root/os-bench/src/current/iozone
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3.1 diskio

311 FEHIE
1) HW
2) 3.1.3
3) OProfile OProfile

3.1.2 EHRIDZEST

1)
‘$ su - root
root
1-1) fstab
‘# mount

HDD

# umount $ WRITE_DEVICE)

letc/fstab $(WRITE_DEVICE)

# mv /etc/fstab /etc/fstab. bak
# op /etc/fstab. bak /etc/fstab

$(WRITE_DEVICE)

# mount

# umount /dev/sdbl

# mv /etc/fstab /etc/fstab. bak

# cp -p /etc/fstab. bak /etc/fstab
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1-2) inittab
letc/inittab

# mount

# umount /dev/sdbl

# mv /etc/inittab /etc/inittab. bak

# cp -p /etc/inittab. bak /etc/inittab

letc/inittab

| id:5:initdefault:

| id:1:initdefault:

2)
reboot

‘# shutdown -r now

BIOS GRUB

OProfile Asianux (2.4.21-9.38AXsmp)

Asianux (2.4.21-9.38AX)

# cd $(DIR_DISKIO) /diskio—2.0/run
#./list

OProfile

# cd $(DIR_DISKIO) /diskio—2.0/run
% ./list_oprofile

# cd /root/diskio/diskio—2.0/run
#./list

OProfile

# cd /root/diskio/diskio—2. 0/run
# ./list_oprofile

Finished.

Finished. $(WRITE_DEVICE)
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3.13

3)

‘# mv /etc/inittab. bak /etc/inittab

1-1) /etc/fstab

‘# mv /etc/fstab. bak /etc/fstab

reboot

‘# shutdown -r now

3.1.3 EEROXLAE

1) Ctrl-z

# kill -KILL %1
# mount

mount

2)

| # umount § (WRITE_DEVICE)

‘# umount /dev/sdb1

314 OJT—42DRA

[ $(IR_DISKIO) /diskio-2. 0/run/$ (DISTROVERSION) /ext3-do

‘/root/diskio/diskio—Z.O/run/MiracIeS.0—2.4.21—9.38AX/ext3—do

ext3-do ext3 ordered
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1) mkfs

mkfs

2) [Iproc/cpuinfo,/proc/version,/proc/meminfo,/proc/scsi/scsi

CPU

3) diskio

diskio
"# start : Measurement result in ticks"
"# end : Measurement result in ticks"
2
write (CPU tick )
10 16

8807540 866474

16890858 101bbea
16898868 101db34
16895076 101cc64
16897422 101d58e
16811216 10084d0
16898004 101d7d4
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3.2 lozone

lozone lozone

lozone,
OProfile, LKST

321 Z7A4ILVARATLOBERFIE
1/0
lozone

[test/f1 ~ /test/f4

[test/f1

# umount /dev/sdb1
#t mkfs -t ext3 -L /test/f1 /dev/sdbl
# mount /dev/sdbl /test/f1

18GB 15
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3.2.2 iozone aA< > RETFIE

lozone write
initial write re-write
n_i 0 _+nn
n_C _M _+un
Excel "-R”
1/0 4 1/0 1 4
6GB 8GB
4kByte
1/0
11_f11 11_F11
CPU
AE!)

FAARYaO0—F

Iozone

OS5 ftest/f1  ftest/f2  Jtest/f3 Jtest/f4 F i

3.2-1

lozone

ext3 mkfs

1/0
iozone
1/0
lozone 3.2-1 11
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3.2-1 lozone

ID ) -t -T | iozone
1 8G 1 < 1
2 8G 1 o 1
3 4G 2 < 1
4 4G 2 o 1
5 4G 1 > 2
6 2731M 3 < 1
7 2731M 3 o 1
8 2731M 1 < 3
9 2G 4 < 1
10 2G 4 o 1
11 2G 1 < 4

8 sh

for num in 12 3; do

/root/os-bench/src/current/iozone -CMR —i 0 —+n —+u -s 2731M -t 1 —f \
/test/f$ {num} > /root/os-bench/pattern8/iozone$ {num}.out &

done

wait

10

# /root/os-bench/src/current/iozone -CMR —i 0 —+n —+u -s 2G -t 4 -T -F \
/test/f1/io /test/f2/io /test/f3/io /test/f4/io \
> /root/os-bench/pattern10/iozone. out

iozone

3

lozone: Performance Test of File 11O
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Version $Revision: 3.226 $
Compiled for 32 bit mode.

Build: linux

Contributors:William Norcott, Don Capps, Isom Crawford, Kirby Collins
Al Slater, Scott Rhine, Mike Wisner, Ken Goss
Steve Landherr, Brad Smith, Mark Kelly, Dr. Alain CYR,
Randy Dunlap, Mark Montague, Dan Million,
Jean-Marc Zucconi, Jeff Blomberg,

Erik Habbinga, Kris Strecker.

Run began: Thu Jan 6 14:54:51 2005

Machine = Linux bigmem.miraclelinux.com 2.4.21-9.38AXsmp #1 SMP Wed Nov 10 21:
Excel chart generation enabled

Excel chart generation enabled

No retest option selected

CPU utilization Resolution = 0.010 seconds.

CPU utilization Excel chart enabled

File size set to 4194304 KB

Command line used: /root/iozone3_226/src/current/iozone -CMR -i 0 -+n -+u -s 4G -t 2 -F

[test/fl/io /test/f2/io

Output is in Kbytes/sec

Time Resolution = 0.000001 seconds.
Processor cache size set to 1024 Kbytes.
Processor cache line size set to 32 bytes.
File stride size set to 17 * record size.
Throughput test with 2 processes

Each process writes a 4194304 Kbyte file in 4 Kbyte records

Children see throughput for 2 initial writers = 75952.70 KB/sec
Parent sees throughput for 2 initial writers = 71494.82 KB/sec
Min throughput per process = 37809.98 KB/sec
Max throughput per process = 38142.72 KB/sec
Avg throughput per process = 37976.35 KB/sec
Min xfer =4157640.00 KB

CPU Utilization: Wall time 113.091 CPU time 159.830 CPU utilization 141.33 %
CPU

Child[0] xfer count = 4194304.00 KB, Throughput = 38142.72 KB/sec, wall=113.091,
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cpu=80.020, %= 70.76

Child[1] xfer count = 4157640.00 KB, Throughput = 37809.98 KB/sec, wall=113.089,

cpu=79.810, %= 70.57

Excel CVsS

"Throughput report Y-axis is type of test X-axis is number of processes"

"Record size = 4 Kbytes "

"Output is in Kbytes/sec"

Initial write " 75952.70

Rewrite " 0.00

"CPU utilization report Y-axis is type of test X-axis is number of processes"

"Record size = 4 Kbytes "

"Output is in CPU%"

Initial write " 141.33 CPU

Rewrite " 0.00

iozone test complete.
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3.2.3 OProfile £17FIB

OProfile MIRACLE LINUX V3.0 oprofile-0.5.4-22.i386.rpm RPM
OProfile
# opcontrol —Iist—events
OK
PC
# opcontrol —-1list-events
using timer interrupt
#

GLOBAL_POWER_EVENTS
Pentium® 11
CPU_CLK_UNHALTED
1 996,500

OProfile

# opcontrol ——vmlinux=/usr/|ib/debug/boot/vml inux-$ (uname -r). debug
# opcontrol -reset

‘ # opcontrol -start

‘ # opcontrol —shutdown

11
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# oprofpp —i /usr/lib/debug/boot/vmlinux-$ (uname -r).debug -1 -r \
-t vsqOnh > summary. out

# oprofpp —i /usr/|ib/debug/boot/vmlinux—$ (uname -r).debug -L -0 \
-t vspanldh > detail. out

# op_to_source —-i /usr/lib/debug/boot/vmlinux-$ (uname -r).debug \
—output-dir . /src

# opcontrol —save=sessionl

(summary.out detail.out)
(./src) (sessionl)

3.2-2 OProfile

summary.out

detail.out

Jsrc/

OProfile

Ivar/lib/oprofile/samples/spl/

summary.out

Cpu type: P4 / Xeon with 2 hyper-threads CPU

Cpu speed was (MHz estimation) : 1993.57 CPU

Counter 0 counted GLOBAL_POWER_EVENTS events (time during which processor is not stopped) with a
unit mask of 0x01 (count cycles when processor is active) count 996500

vma samples % cum. % symbol name

c018ab58 8809 17.9545 17.9545  .text.lock.buffer
¢0160be0 4852 9.88933 27.8438 do_generic_file_write
c0183540 3283 6.6914 34.5352 fs_may_remount_ro
c0184910 2511 5.11791 39.6531 remove_from_queues
c03116b0 2407 4.90594 44.559 simple_strtoull
c017d630 2144 4.36989 48.9289  alloc_bounce_page
€0109240 2142 4.36582 53.2947  default_idle
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¢0171450 1098 2.23794 55.5327 _ free_pages_ok

c0186030 912 1.85883 57.3915  refile_buffer
c012de70 877 1.7875 59.179 __put_task_struct
detail.out

Cpu type: P4 / Xeon with 2 hyper-threads CPU
Cpu speed was (MHz estimation) : 1993.57 CPU
Counter 0 counted GLOBAL_POWER_EVENTS events (time during which processor is not stopped) with a

unit mask of 0x01 (count cycles when processor is active) count 996500

vma samples % % symbol name linenr info

c0109220 1 0.0020382 0.0020382 disable_hlt Jusr/.../process.c:77
c010922d 1 100 0.0020382 Jusr/.../process.c:78

c0109230 3 0.00611459 0.00611459 enable_hlit lusr/...Iprocess.c:82
c0109234 2 66.6667 0.00407639 lusr/.../process.c:82
c0109236 1 33.3333 0.0020382 usr/.../Iprocess.c:83

0109240 2142 4.36582 4.36582 default_idle lusr/.../current.h:9
c0109248 2110 98.5061 4.30059 lusr/...Icurrent.h:7
c0109249 32 1.49393 0.0652223 fusr/...[current.h:7
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3.2.4 LKST E17FIE

LKST LKST
0SS
LKST
223 0OSs LKST
kernel-smp-2.4.21-9.38AX.lkst10
LKST
2
busywait spinlock
10 buffer 10
blkqueue
2

Ikstmask.busywait.spinlock
Ikstmask.buffer.blkqueue

"lkstm read -m 0 -d”

LKST
LKST
“lkstm read -m 0 -d”
Ikst_make_mask
LKST 25MB>=<
4CPU=100MB 20 60

1/0

# service lkst start

# |kstm write —f ./lkstmask. busywait. spinlock —n spinlock
# lkstbuf create -s 25M -b 1

# lkstbuf jump -b 1

# lkstbuf delete -b 0

# lkst start
# lkstm set —n spinlock
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# Ikst stop

# lkstbuf read —f ./lkst. data

# service lkst stop

# lkstlogdiv ./lkst. data

Ikstla busywait -1 ./lkst.data—? > ./Ikst. busywait. |
Ikstla busywait -d ./lkst.data—? > ./lkst. busywait.d
Ikstla busywait —-s ./lkst.data—? > ./lkst. busywait.s
Ikstla spinlock -1 ./lkst.data—? > ./lkst. spinlock. |
Ikstla spinlock —d ./lkst.data-? > ./lkst. spinlock.d
Ikstla spinlock —s ./lkst.data-? > ./lkst. spinlock.s
# rm —f . /lkst. data-?

# |kstbuf print -f ./lkst.data -r —C > . /lkst. data. print

H O H=H = H == =

LKST

3.2-3 LKST

Ikst.data ( )

Ikst.data.print

Ikst.busywait.l

Ikst.busywait.d

Ikst.busywait.s

Ikst.spinlock.l

Ikst.spinlock.d

Ikst.spinlock.s
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3.2.5 lozone+OProfile E{TFIE

1.
2. 1/0
3. OProfile
4. OProfile
5. lozone
6. lozone
7. OProfile
8. OProfile
2 8 run.sh
1/0 ID
3.2-4 run.sh
baseDir run.sh
I0ZONE iozone
LKSTbuffersize | LKST
ACPU 6GB 25M
SIZE1 1 1/10( id 1,2)
SIZE2 2 1/10( id 3,4,5) SIZE1
1/2
SIZE3 3 1/10( id 6,7,8) SIZE1
1/3
SIZEA4 4 1/10( id 9,10,11)
SIZE1 1/4
run.sh Ikstmask.buffer.blkqueue
Ikstmask.busywait.spinlock baseDir
LKSTbufersize
SIZE1 6GB
SIZE1 8G
1/0 4
3-15
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# ./run.sh 4

mke2fs 1.32 (09-Nov-2002)
Filesystem label=/test/f1
0S type: Linux

Block size=4096 (log=2)

(FEE : D7 ALV RATFLEBEFROOY)

This filesystem will be automatically checked every 25 mounts or
180 days, whichever comes first. Use tune2fs -c or —i to override
Using log file /var/lib/oprofile/oprofiled. log

Daemon started.

Profiler running

======—=—==——= Start of id 4 at Wed Feb 9 17:37:59 JST 2005
Stopping profiling.

Killing daemon.

============= End of id 4 at Wed Feb 9 17:39:53 JST 2005

#
“End of id ---”
30
3.2-2 3.2-3
/root/os-bench/pattern<ID>-0/
run.sh README
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3.2.6 lozone+OProfile+LKST E4TFIIE
CPU
OProfile LKST

LKST 2.4.21-9.38AX.Ikst10.smp

LKST
LKST
LKST OProfile
LKST

top

1/0
OProfile
LKST
OProfile
LKST
lozone

© Nk wDdPR

lozone
LKST
. OProfile
LKST
OProfile

S
w D PO

LKST id
top
id

# top -b -C -d 10 > ~/top. log &

-b -d
top
LKST
top
10

run.sh 3 13
1/0
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3.2-5 run.sh

-b buffer blkqueue

-S busywait spinlock
LKST

1/0 9 buffer blkqueue LKST

# ./run.sh -b 9

mke2fs 1.32 (09-Nov-2002)
Filesystem label=/test/f1
0S type: Linux

Block size=4096 (log=2)
Fragment size=4096 (log=2)

(hBE : D74 RTFLEBEEROOY)

This filesystem will be automatically checked every 23 mounts or
180 days, whichever comes first. Use tune2fs -c or —i to override
Starting Kernel State Tracer: [ 0K ]
New maskset id=3 was written. (Name:buffer.blkqueue)

New buffer was created, cpu=0, id=1 size=26214400 + 4032 (margin)
New buffer was created, cpu=1, id=1 size=26214400 + 4032 (margin)
New buffer was created, cpu=2, id=1 size=26214400 + 4032 (margin)
New buffer was created, cpu=3, id=1 size=26214400 + 4032 (margin)
Currently selected buffer changed to 1 on GPU 0

Currently selected buffer changed to 1 on GPU 1

Currently selected buffer changed to 1 on CPU 2

Currently selected buffer changed to 1 on CPU 3

Buffer id=0 was deleted.

Buffer id=0 was deleted.

Buffer id=0 was deleted.

Buffer id=0 was deleted.

Using log file /var/lib/oprofile/oprofiled. log

Daemon started.

Profiler running

Start LKST event tracing

Currently selected maskset was changed to id=3
============= Start of id 9 at Wed Feb 9 17:23:54 JST 2005
Stop LKST event tracing

Stopping profiling.

Killing daemon.

Stopping Kernel State Tracer: [ 0K ]
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line:228842 timespec 1107937528. 156739818 (d0) less than

1107937539. 544190317 (d5)

[ine:229007 timespec 1107937527.037816664 (d1) less than

1107937539. 652148159 (d1)

line:286292 timespec 1107937526. 681834188 (d0) less than

1107937537. 174277083 (d5)

============= End of id 9 at Wed Feb 9 17:30:19 JST 2005

/root/os-bench/pattern<|D>-3§FA T a3 v
>/ run.sh
README
top
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4.1 diskio
411 [FC®HIC
1. diskio DBT-3 (4.1.2)
2. OProfile (4.1.3)
3. diskio (4.1.4)
4.1-1

41-1
Async open + write + fsync fsync
Async open + write + fdatasync fdatasync
O_SYNC open + write osync
O_DSYNC open + write odsync
Async open + sync + sync syncsync
Async open + write async
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diskio DBMS A B

4.1-2 CPU
/proc/cpuinfo
4.1-2 A B
A B
Dell PowerEdge 2600 HP ProLiant DL380 G3
Intel(R) Xeon(TM) CPU 2.80GHz | Intel(R) Xeon(TM) CPU
2CPU 2.80GHz 2CPU
CPU 2791.829 MHz 2787.287 MHz
4GByte 2.5Gbyte
Ultra SCSI 320 HDD Ultra SCSI 320 HDD
10000rpm 15000rpm
4-2
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4.1.2 diskio & DBT-3 MBIE#HERE DA R DR

41.2.1

A B diskio DBMS DBMS

DBT-3
0SS DB
DBT-3
41.2.2
41221 diskio
4.1-1 4.1-12  diskio c t
(usec)
HDD

A HDD 10,000rpm 4.1-1
1/10,000 < 60 > 1,000,000 = 6000 (usec) ( 4.1-1)

B HDD 15000rpm 4.1-2
1/15,000 < 60 > 1,000,000 = 4000 (usec) ( 4.1-2)
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40000

35000

30000

t(usec)

25000

20000

15000

10000

5000

40000

35000

30000

t(usec)

25000

20000

15000 |

10000

5000

A fsync

It
| | | J

T i
JiILLE LAt
0 1000 2000 3000 4000 5000 6000

c( )

41-1 A fsync
B fsync

|I ] -

fLH'“J Il ;l:jl I L Il ||H| 10441 lmrllllwlllu ,|J,|_

1000 2000 3000 4000 5000 6000
()

4.1-2 B fsync
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A fdatasync

40000

35000

30000

t(usec)

25000

20000 | I | } ml [ |
15000
II

10000 |

5000

0 1000 2000 3000 4000 5000 6000
c( )

4.1-3 A fdatsync

B fdatasync

40000

35000 |-

30000 |-

t(usec)

25000

20000 r — fdatasync

15000 ——HH —f—%—f———f——f——— —H—H—H—
VI 1 IJ I 1" 'l L1 L 1 LUL L 1 LALLL L

10000

5000

0 1000 2000 3000 4000 5000 6000
()

4.1-4 B fdatasync
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40000

35000

30000

t(usec)

25000

20000

15000

10000

5000

40000

35000

30000

t(usec)

25000

20000

15000

10000

5000

A osync

L mplllll LU UL JL LA L T IIIM
NERE [ L

0 1000 2000 3000 4000 5000 6000

c( )
4.1-5 A osync
B osync
|
INENENENAR R ARANNI AR INENTRNANE] mn I‘II ITTTSNTEITTI BNTTTY I A TYTYRITEET AYTYTTT 1 N 1 NPT MR eTe: I TRTR T I T

1000 2000 3000 4000 5000 6000
e )

4.1-6 B osync
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A odsync

40000

35000 |

30000

t(usec)

25000 |-

20000 |

15000

10000 [ ” i ”
5000 IlHIIIIIIITIUIIIHIIITIPIIII L IIWIHIHI¢1MLm

LR L !IHIML

0 1000 2000 3000 4000 5000 6000

4.1-7 A odsync

B odsync

40000

35000 |-

30000 |-

t(usec)

25000

20000

15000

10000 r

5000 T

0 L
0 1000 2000 3000 4000 5000 6000
c( )

4.1-8 B odsync
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40000

35000

30000

t(usec)

25000

20000

15000

10000

5000

40000

35000

30000

t(usec)

25000

20000

15000

10000

5000

A syncsync

[ ] | :
MM
0 1000 2(;00 30‘00 40‘00 5(;00 60‘00
¢ )
4.1-9 A syncsync
B syncsync
|H |
|H|| |‘|||M|||||u 11O A |‘||| YA T #W
L EAL AR TR
1000 2(;00 30‘00 40‘00 50‘00 60‘00
¢ )
4.1-10 B syncsync
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4000

3500

3000

t(usec)

2500

2000

1500

1000

500

4000

3500

3000

t(usec)

2500

2000 |

1500

1000 |

500

A async

1l | L 1 | Ly L L. || L L L
1000 2000 3000 4000 5000 6000
c( )
41-11 A async
B async
| | | | 1 1 1 | | 1 1
1000 2000 3000 4000 5000 6000
c )
41-12 B async
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41222 DBT-3
4.1-3 A B DBT-3
DBT-3 PostgreSQL fsync
4.1-3 A B DBT-3 (fsync)
DBT-3 A B
(sec) 1146 1065
(sec) 581 521
(sec) 1801 1597
4.1.2.3 diskio
4.1-4 4,1.2.2.1
A B usec
4.1-4 diskio
(usec) (usec) (usec)
A 15202.210 7393.18 36009.40
fsync B 11255.851 8079.48 20106.91
A 15191.876 7393.07 36097.64
fdatasync B 11257.044 8082.65 16669.46
A 6145.940 954.41 26024.58
osync B 4131.617 527.79 127788.19
A 6144.879 495.46 24084.86
odsync B 4103.449 527.87 16015.48
A 19596.666 11974.95 115236.38
syncsync B 14694.122 7981.42 92922.22
A 16.6332 10.2299 340.2486
async B 23.3006 7.5055 6181.4144
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4.1.2.4 diskio

diskio CPU tick 1tick CPU
1tick nsec
A CPUMHz 2791.829 MHz 1tick 4.1-3
1tick = 1 (sec) / 2791.829 (MHz) = 0.358 (nsec) 4.1-3)
B CPUMHz 2787.287 MHz 1tick 4.1-4
1tick = 1 (sec) / 2787.287 (MHz) = 0.359 (nsec) 4.1-4)
2.1.1.4 diskio TSC TSC CPU
CPU
2
CPU
Xeon Pentium4 20
1 1tick
1tick = 0.36nsec 0.36 > 20 =7.2(nsec)
async 7.5(usec)
smp CPU CPU
TSC CPU TSC
MIRACLE LINUX V3.0 CPU
TSC FSB
1tick Xeon 90nm Process Pentium 4
Intel Intel Pentium 4 Process on 90 nm Process Datasheet
2.8GHz CPU FSB 533MHz 800MHz 2 533MHz

1 (sec) / 533 (MHz) = 1.88 (nsec)
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4.1.2.5 diskio DBT-3

4.1-13 DBT-3 diskio fsync tl
diskio fsync t2 DBT-3
4.1-5 4.1-4 A B
diskio DBT-3 DBT-3 PostgreSQL
fsync diskio fsync
async
diskio fsync DBT-3
16000 2000
<4 1800
14000
4 1600
12000
4 1400
%10000 -
= 1 1200 &
= g, B diskio fsync
w0 11000 e powe
DBT-3 THRUPUT
-4 800
6000 |
4 600
4000 |
4 400
2000 |
14 200
0 0
A B
4.1-13 diskio fsync DBT-3
4.1-5 A B (fsync)
A
DBT-3 0.93
DBT-3 0.90
DBT-3 0.89
diskio fsync 0.74
diskio async 1.40
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4.1-5 DBT-3

DBT-3
fsync
0os
4.1-14 DBT-3

async
DB

join

diskio fsync B
B
0Ss
async

diskio
PostgreSQL

€-19d

async

fsync

1.40—— i

b
N

 1:0.89 0.93/

4.1-14 DBT-3

fsync async
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4.1.3 OProfile IZ&2AD—RILAZTOT 7415

4131
OProfile diskio 214
A fsync,fdatasync,osync,odsync
OProfile diskio
3000

4.1.3.2 OProfile

4.1-6 4.1-9 fsync,fdatsync,osync,odsync OProfile
OProfile
15 110
4.1-6 diskio fsync OProfile
(%) (%)
1 | default_idle 1313 10.4906 10.4906
2 | _wake up 756 6.04027 16.53087
3 | Schedule 686 5.48098 22.01185
4 | mem_init 497 3.97092 25.98277
5 | free_pages init 452 3.61138 29.59415
6 | _run_timers 446 3.56344 33.15759
7 | try to_wake_up 423 3.37967 36.53726
8 | get_gendisk 357 2.85235 39.38961
9 | _br write lock 352 2.8124 42.20201
10 | _br write_unlock 337 2.69255 44.89456
11 | LKST ETYPE_INT HARDWARE_ENTRY_HEADER_hook 332 2.6526 4754716
12 | batch_entropy store 298 2.38095 4992811
13 | ramdisk_size 288 2.30105 52.22916
14 | ethif probe 262 2.09332 54.32248
15 | smp_apic_timer_interrupt 230 1.83765 56.16013
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4.1-7 diskio fdatsync OProfile

(%)

(%)

1 | default_idle 1287 | 10.6452 10.6452
2 | _wake up 666 | 5.50868 16.15388
3 | Schedule 532 | 4.40033 20.55421
4 | _run_timers 482 | 398677 24.54098
5 | try to_wake_up 426 3.52357 28.06455
6 | free_pages init 424 3.50703 31.57158
7 | mem_init 410 | 3.39123 34.96281
8 | _br write_lock 403 | 3.33333 38.29614
9 | get_gendisk 400 | 3.30852 41.60466
10 | LKST_ETYPE_INT_ HARDWARE_ENTRY_HEADER_hook 352 29115 4451616
11 | _br write_unlock 341 2.82051 47.33667
12 | batch_entropy store 300 | 248139 49.81806
13 | rebalance_tick 276 2.28288 52.10094
14 | add_timer_randomness 244 2.0182 5411914
15 | ramdisk size 235 1.94376 56.0629
4.1-8 diskio osync OProfile

(%) (%)
1 | default_idle 353 | 8.77019 8.77019
2 | _wake up 253 | 6.28571 15.0559
3| _run_timers 207 | 5.14286 20.19876
4 | free_pages_init 170 4.2236 24.42236
5 | Schedule 168 | 4.17391 28.59627
6 | mem_init 149 | 3.70186 32.29813
7 | _br write_lock 147 | 3.65217 35.9503
8 | LKST_ ETYPE_INT HARDWARE_ENTRY_HEADER_hook 136 | 3.37888 39.32918
9 | get gendisk 127 | 3.15528 42.48446
10 | try to_wake_up 125 | 3.10559 45.59005
11 | end_buffer_io_sync 98 | 243478 48.02483
12 | ramdisk_size 89| 221118 50.23601
13 | batch_entropy store 82| 203727 52.27328
14 | _br write_unlock 81| 201242 54.2857
15 | ethif probe 78| 1.93789 56.22359
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4.1-9 diskio odsync OProfile

(%) (%)
1 | default_idle 356 | 8.60111 | 8.60111
2 | _wake up 227 | 548442 | 14.08553
3 | Schedule 200 | 4.83209 | 18.91762
4 | _run_timers 186 | 4.49384 | 23.41146
5 | free_pages init 185 | 4.46968 | 27.88114
6 | _br write lock 166 | 4.01063 | 31.89177
7 | mem_init 134 3.2375 | 35.12927
8 | try to_wake_up 125 | 3.02005 | 38.14932
9 | end buffer io_ sync 116 | 280261 | 40.95193
10 | LKST_ETYPE_INT HARDWARE_ENTRY_HEADER_hook 113 | 273013 | 43.68206
11 | batch_entropy store 107 | 258517 | 46.26723
12 | get_gendisk 105 | 253684 | 48.80407
13 | ramdisk_size 101 2.4402 | 51.24427
14 | rebalance _tick 97 | 234356 | 53.58783
15 | _br write_unlock 92 | 222276 | 55.81059

4.1.3.3 diskio OProfile
fsync fdatasync osync odsync
15 55%
110
__br_write_unlock get_gendisk
end_buffer_io_sync osync odsync

4.1.3.4 diskio OProfile

__br_write_lock

4.1.3.3 __br_write_lock __br_write_unlock
get_gendisk
__br_write_lock __br_write_unlock lib/brlock.c 'Big Reader’
read-write spinlock read CPU
write
write diskio

CPU OProfile  smp

1/0 get_gendisk  drivers/block/genhd.c Linux
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2.4

default_idle _wake_up
diskio 1/0
HDD
1/0
CPU
DBT-3 DBMS

fsync fdatasync osync odsync

Linux
OProfile
get_gendisk Linux 2.6
Linux
OProfile get _gendisk
4-17

CPU
__wake_up

CPU
Storage

OProfile
oS

2.6 diskio
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4.1.4 diskio &EREBRF & DB R

2.1.6.5 PostgreSQL WAL PostgreSQL
oS
(O]
diskio (O]
(O
(O8]
diskio PostgreSQL WAL
WAL
iozone
diskio
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415 HEEBRFOS/TEZEZDFLED

4151

diskio DBMS
OProfile

fsync fdatasync osync odsync
diskio fsync DBT-3

OProfile diskio

4.15.2

diskio DBT-3

DBT-3
OProfile smp
CPU
OProfile
OProfile CPU
CPU
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diskio async
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diskio

smp
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4.2 lozone
421 H=E
(-s ) -t
-T iozone

( 3.21)

11 1/0
3 ( 4.2-1)
( 4.2-1)

120
100 | L )

(@)
o
T

(MB/sec)
(o]
o

40
20
0
1 2 3 4 5 6 7 8 9 10 11
ID
4.2-1
4.2-11/0
1/0 ID
CPU 3,4,6,7,9,10
CPU 1,2
5,8,11
CPU iozone
1/0
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12

CPU 8GB 1/0
CPU

CPU

iozone

OProfile

LKST
5 312
( 4.2-2
= 3 - 5 )/ 5
3 X
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(5->3)
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422 CPUEY—E

CPU ID9
4,2-2
ID -S -t -T | iozone
9 2G 4 < 1
4.2-3 lozone
(Wall time) 89.446

8,388,596.00kB
94,740.99 kB/sec

4.2-4
(%) (%)
1 do_generic_file_write 8,462 16.16 16.16
2 get_hash_table 4,584 8.754 24.91
3 unlock_buffer 3,364 6.424 31.34
4 __br_write_lock 2,763 5.276 36.61
5 __write_lock_failed 1,989 3.798 40.41
6 __br_write_unlock 1,516 2.895 43.31
7 __free_pages_ok 1,287 2.458 45.76
8 rmqueue 1,190 2.272 48.04
9 get_unused_buffer_head 1,140 2.179 50.21
10 .text.lock.sched 1,122 2.143 52.36
do_generic_file_write 4.2-5
4.2-5 do_generic_file_write
do_generic_file_write
(%)
(%)
0xc0160de5 1 0.011818 0.00191 | shr $0x2,%ecx
0xc0160de8 | 7552 89.246 14.4213 | repz
movsl %ds:(%esi),%es:(%edi)
4-23

Copyright(c) Information-technology Promotion Agency, Japan. All rights reserved 2004



0xc0160dea | 358 4.23068 0.683637 | mov %eax,%ecx

0xc0160dee 95 1.12267 0.181412 | mov %ecx,%ebx
0xc0160df0 1 0.011818 0.00191 | mov 0x10(%esp,1),%edi
objdump

# objdump —d /boot/vmlinux-2. 4.21-9. 38AXsmp ——start—address=0xc0160de5 \
—stop-address=0xc0160df4

4221
0xc0160de8
do_generic_file_write()
__copy_from_user() __copy_user_zeroing()
ssize t
do_generic_file_write(struct file *file,const char *buf,size_t count, loff_t *ppos)
{
status = mapping->a_ops->prepare_write(file, page, offset,
offset+bytes);
if (status)
goto sync_failure;
page fault = copy_from_user(kaddr+offset, buf, bytes); <-
flush_dcache_page(page);
status = mapping->a_ops->commit_write(file, page, offset,
offset+bytes);
}
#define __copy_user_zeroing(to,from,size) \
do { \
int__do, di; \
__asm__ _ volatile_ ( \
"0: rep; movsI\n" <- \
" movl %3,%0\n" \
"1 rep; movsb\n" \
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__copy_from_user()

CPU 1MB
8GB CPU
1/0
CPU
__copy_from_user()
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423 CPUT7A KL

CPU ID1
4.2-6
ID -S -t -T | iozone
1 8G 1 < 1
4.2-7 lozone
138.042

8,388,608.00 kB

60,768.41 kB/sec

4.2-8
1 default_idle 1,993 | 24.37 | 24.37
2 try_to_free_buffers 532 6.504 | 30.87
3 launder_page 532 6.504 | 37.38
4 | LKST_ETYPE_MEM_SWAPOUT HEADER hook | 371 |4.536 |41.91
5 unlock_page 365 4.462 | 46.37
6 __remove_inode_queue 351 4.291 | 50.67
7 rebalance_laundry_zone 281 3.436 |54.10
8 __wake_up 218 2.665 | 56.77
9 write_some_buffers 198 2.421 |59.19
10 | .text.lock.sched 192 2.347 | 61.54
default_idle 4.2-9
4.2-9 default_idle
default_idle
(%)
(%)
0xc0109254 3 0.1505 0.03668 | je 0x0109280
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0xc0109260 1 0.05018 0.01223 | movl 0x14(%edx),%eax
0xc0109268 | 1945 97.59 23.78 | hlt
0xc0109269 44 2.208 0.5380 | ret
4231
CPU hit
1/0 CPU
110
CPU
1/0 LKST
buffer  blkqueue CPU
CPU
1/0 1/0 buffer
( 4.2-10) Write Read
4.2-101/0 1/0 (buffer)
() () ()
CPU Read 19 | 8.094 152.5 0.002402
( 1) | Write 247,076 | 1.218 128.1 0.002283
CPU Read 17 | 1.966 18.56 0.002406
( 9) Write 130,531 | 0.9150 36.33 0.004309
1/0 CPU
Write CPU 3.5
110
1 9
LKST
LKST
"lkstla buffer -d” 4.2-11
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4.2-11 buffer

0.001 0.001 0.01 0.1 1 10
ID
CPU 0 8 1,069 45,797 | 200,138 | 64 247,076
(0.433%) | (18.5%) | (81.0%)
(
1)
CPU 0 1,024 8,163 65,325 | 55,925 94 130,531
(0.784%) | (6.25%) | (50.0%) | (42.8%)
(
9)
10
1 100 9
4.2-3 CPU
1 CPU 9 1
1/0
/0 I/0
100
80
£ 60 | 1-write
40 - —%— 9-write
20
O S 2 E—2 |
Q/’Q% Q/’Qv Q/’Q(b Q/’Q% <</’Q\/ Q)‘QQ ol
'\9 '»Q '\/‘Q '\9 '\9 '\9 '»Q
()
4.2-31/0 1/0 (buffer)
1/0 (blkqueue)
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1(CPU

) 1 9(CPU ) 4
512
Wait 1/0
4.2-121/0 (blkqueue)
CPU 30,435 | 464.8 512 1
1
CPU 4,802 | 116.0 491 1
( 9) 6,615 | 158.3 504 1
5,051 | 118.5 451 1
5,616 | 140.4 512 1
4.2-4
I/0
500 F
400 [
300 | - 1
m 9
200 [
” I I I l
0
4.2-41/0 (blkqueue)
1(CPU ) 1 1/0 9(CPU )
4 1/0 1 1/0
(512)
1/0
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lozone

(elevator_linus_merge )
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424 OvoHmad

ID5
4.2-13
ID -S -t -T | iozone
5 4G 1 > 2
4.2-14 lozone
1 2
164.236 159.397

4,194,304.00 kB 4,194,304.00 kB 8,388,608 kB

25,538.34 kB/sec 26,313.62 kB/sec 51,851.96 kB/sec

4.2-15 (LKST )
(%) (%)
1 .text.lock.ioctl 12,454 26.30 26.30
2 .text.lock.buffer 8,362 17.66 43.97
3 do_generic_file_write 3,804 8.034 52.00
4 default_idle 2,027 4.281 56.28
5 unlock_buffer 2,012 4.250 60.53
6 get_hash_table 1,743 3.681 64.21
7 __br_write_lock 884 1.867 66.08
8 .text.lock.sched 679 1.434 67.51
9 rmqueue 677 1.430 68.94
10 __brelse 621 1.312 70.26
LKST
busywait  spinlock
LKST
4.2-16 (LKST )
(%) (%)
1 .text.lock.ioctl 10,310 28.74 28.74
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2 .text.lock.buffer 8,257 23.02 51.76
3 default_idle 2,166 6.038 57.80
4 do_generic_file_write 2,048 5.709 63.50
5 unlock_buffer 1,057 2.947 66.45
6 get_hash_table 967 2.696 69.15
7 __br_write_lock 526 1.466 70.61
8 __make_request 502 1.399 72.01
9 rmqgueue 457 1.274 73.29
10 __brelse 405 1.129 74.46
LKST 3 4
8
3 13
LKST
LKST LKST
LKST
LKST
4.2.4.1
.text.lock.ioctl
4.2-17
4.2-17 .text.lock.ioctl
text.lock.ioctl
(%) (%)
0xc019f919 307 2.978 0.8558 | cmpb $0x0, 0xc0405400
0xc019f920 407 3.948 1.135 repz nop
0xc019f922 9,596 93.07 26.75 | jle Oxc019f919
objdump

# objdump —d /boot/vmlinux-$ (uname -r) ——start-address=0xc019f919 \
—stop—address=0xc019f924

B 1 2 1
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/boot/vml inux-2. 4. 21-9. 38AX. |kst6smp: file format elf32-i386

Disassembly of section . text:

c019f919 < text+0x9f919>:

c019f919: 80 3d 00 54 40 c0 00 cmpb  $0x0, 0xc0405400
c019f920: 3 90 repz nop
c019f922: Te 5 jle 0xc019f919

Disassembly of section .entry. text:
Disassembly of section .text. init:

#

ioctl()

asmlinkage long sys_ioctl(unsigned int fd, unsigned int cmd, unsigned long arg)
{
struct file * filp;
unsigned int flag;
int on, error = -EBADF;

filp = fget(fd);
if (ffilp)
goto out;
error =0;
lock_kernel(); S —
switch (cmd) {

.text.lock.buffer 4.2-18

4.2-18 .text.lock.buffer

.text.lock.buffer

(%) (%)
0Oxc018bcae 359 4.34783 1.00075 | cmpb $0x0, 0xc0405400
0xc018bch5 4,509 54.6082 12.5693 | repz nop
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Oxc018bch7 | 3315|  40.1478 9.24093 | jle OxcO18bcae
.text.lock.ioctl
sync_old_buffers()
static int sync_old_buffers(void)
{
lock_kernel(); <-mee-
sync_unlocked_inodes();
OProfile 2
CPU
LKST
LKST
“lkstla busywait -s”
4.2-19
() () () (%)
1 | Oxc019f83e 851 0.3777 16.14 32.1 41.1
2 | Oxc01977d1 1,028 | 0.02984 | 1551 30.7 39.3
3 | Oxc018ad07 4| 3.786 15.14 151 19.4
4 | 0xf8863ba3 61,477 | 1.8E-07 | 2.49E-05 | 0.0111 0.0142
5 | Oxf88637bb 61,476 | 1.79E-07 | 7.42E-06 | 0.0110 0.0141

LKST

(Ikstla busywait -d)
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4.2-20

10N-7 | 10M-6 | 10°~-5 | 1074 | 10N-3 | 10M-2 | 10M-1 | 1010
0xc019f83e |0 | 82 1 0 0 0 0 0 0
0xc01977d1 |0 | 963 48 11 0 0
0xc018ad07 |0 | 2 1 0
10 5
LKST 2
3.24 run.sh
LKST
Ikst.data
grep
# lkstbuf print —f lkst.data -r -G | grep -E \
‘0xc019f83e | 0xc01977d1|0xc018ad07’ > /tmp/a
# vi /tmp/a
4.2-21
4,2-21
1 2 3 4 5 6 8 9
cpu pid “call
address”
10 11 12 13 14 15 16,17
call 0x0 “lock” 0x0 “start
time” (16 )
7
( )
1 3 5 7 9 13
2 4 6 8 ()
"spin_lock",00,00000629,Fri,Feb,04,10:59:59.109847544,2005,"call address",...,0xc0405400,...

4-35

Copyright(c) Information-technology Promotion Agency, Japan. All rights reserved 2004




"spin_lock",00,00000629,Fri,Feb,04,10:59:59.109883712,2005,"call address",...,0xc0405400,...
"spin_lock",01,00000565,Fri,Feb,04,11:00:15.543853871,2005,"call address",...,0xc0405400,...
"spin_lock",00,00000629,Fri,Feb,04,11:00:15.543862258,2005,"call address",...,0xc0405400,...
"spin_lock",01,00000014,Fri,Feb,04,11:00:15.543964850,2005,"call address",...,0xc0405400,...

Ikst.data (
13 ) grep

# |kstbuf print —f lkst.data -r -C | grep 0xc0405400 > /tmp/b
# vi /tmp/b

2 4 6 8 10 ( )
"spin_lock",00,00000629,Fri,Feb,04,10:59:59.109884679,2005,"call address",0xc026f829,0x00000000,...
"spin_unlock",00,00000629,Fri,Feb,04,10:59:59.109884863,2005,"call address",0xc019f4a3,0x00000000,...
"spin_unlock",03,00001305,Fri,Feb,04,11:00:15.543851385,2005,"call address",0xc0129fb8,0x00000000,...
"spin_lock",01,00000565,Fri,Feb,04,11:00:15.543853871,2005,"call address",0xc01977d1,0x00000000,...
"spin_unlock",01,00000565,Fri,Feb,04,11:00:15.543860220,2005,"call address",0xc0197778,0x00000000, ...
"spin_lock",00,00000629,Fri,Feb,04,11:00:15.543862258,2005,"call address",0xc019f83e,0x00000000,...
"spin_unlock",00,00000629,Fri,Feb,04,11:00:15.543868558,2005,"call address",0xc026f897,0x00000000,...

Call ( 10 )
objdump Icrash

# lcrash /boot/System. map—$ (uname -r) /dev/mem /boot/Kerntypes-$ (uname -r)

>> dis 0xc01977d1 5

4.2-22

42-221

‘ cpu ‘pid ‘ lock/unlock
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10:59:59.109884679 | O 629 kdm_greet | lock
10:59:59.109884863 | O 629 kdm_greet | unlock
11:00:15.543851385 | 3 1305 | iozone unlock schedule()
11:00:15.543853871 | 1 565 crond lock permission()
11:00:15.543862258 | 1 565 crond unlock
11:00:15.543862258 | 0 629 kdm_greet | lock sys_ioctil()
11:00:15.543868558 | 0 629 kdm_greet | unlock
iozone schedule()
crond  permission() lock_kernel()
kdm_greet  sys_ioctl() lock_kernel() lozone
crond kdm_greet
top pid
4.2-23
4.2-232
cpu | pid lock/unlock

11:00:19.099339745 629 | kdm_greet | lock

11:00:19.099340359 629 | kdm_greet | unlock

11:00:35.693422719 1304 | iozone unlock ext3_delete_inode()

11:00:35.693424252 14 kupdated | lock sync_old_buffers()

11:00:35.693460331 kupdated | unlock

11:00:35.693464099 629 | kdm_greet | lock sys_ioctl()

11:00:35.693470122 629 | kdm_greet | unlock

11:00:35.693480961 1 init lock permission()

WIW(FkPr[PIO|IOIN|F|F
H
SN

11:00:35.693489213 1 init unlock

iozone ext3_delete_inode()
kupdated sync_old_buffers()
lock_kernel() kdm_greet  sys_ioctl() lock_kernel() init
permission() lock_kernel() lozone

kupdated, kdm_greet, init

iozone LKST
LKST
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iozone  spin_lock

LKST
lock_kernel() sys_ioctl()
sync_old_buffers() OProfile
1/0
iozone
iozone fork()
CPU fork()
1 1/0 lock_kernel()
MIRACLE LINUX V3.0 2005 1
2.6.10
MIRACLE LINUX
4.2-24
MIRACLE LINUX V3.0 2.6.10
sys_ioctl() fs/ioctl.c ->

sync_old_buffers() fs/buffer.c

-> | sync_old_buffers()

permission() fs/namei.c ->
schedule() kernel/sched.c ->
ext3_delete_inode() | fs/ext3/inode.c ->
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425 SEFRFOEHEM

oS
425.1
lozone
OProfile
11 1/0
2
1 2,3
4252
OProfile
OProfile
4253
)
® (
® OProfile

lozone

lozone

OProfile
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4.25.4

lozone

( )Linux
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426 FEMEIHIZOLVTOHER

OProfile
11
120
100
80
=
~ 60
40
20
0
1 51 101 151 201 251
4.2-5
80% 21~40 31
13%
13% 80%
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427 FHEFEDFEED

3
1.
2.
3.
4.
5. LKST
6.
7.
4271
( )
4.2.7.2
()
CPU
RAID
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()

()
24 365
42.7.3
Web
( )
1/0
lozone 1/0
lozone
°
) mmap()
)
°
)
® stream
® jozone
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initial write
mmap() 1/0
diskio
stream
iozone CPU
11
( 3.2-1)
42.7.4
OProfile 3.2.3
3
CPU 422 )
CPU ( )
do_generic_file_write() __copy_from_user()
CPU 4.23 )
CPU OProfile
LKST 110
LKST buffer blkqueue
4.24 )
OProfile
( ) LKST busywait spinlock
LKST OProfile LKST
3 OProfile
LKST
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4.2.7.5 LKST

LKST
3.24
busywait spinlock 1/0 buffer  blkqueue
netsend netroute
runqueue waitqueue waittime
LKST LKST
OProfile LKST
LKST LKST
LKST
LKST
1/0 Ikstlogd
LKST
1
LKST
LKST
4.2.7.6
LKST
4.2.7.7
42.7.4
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4.2.7.2

(4277 )
(4.2.76 ) (4.2.7.3 )

4.2-6
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4.2.8 LKST OF|=. #HIFREIE

OProfile LKST
OProfile
LKST
)
)
® 1/O
® 1/O0
J ( )
CPU CPU
Ikstlogd
1/0
32bit
20

® spin_lock
Ikstla
top

LKST

LKST
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4.2.9 #53E

CPU
OProfile
OProfile
0.8.1
® lozone 1/0
® OProfile (
CPU
® LKST
°
° 3
» _ copy_from_user()
> CPU
>

printk
CPU
LKST
0.54 2005 1
LKST 4
(random write, mmap, , )
opreport, CPU
HT )
( )
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>
> lock_kernel()
® |ozone+OProfile

Linux

SRA NTT
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