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HBE & AKEM ([L..]) 2MALTRELET . R LD BHTRWTER
RTHITTBIBAE. Y RTya (BRBRETIRAY—Y) (¥) 2TRKE
BLET,
# command -x -y
D 471
HH 4T 2
HA 17 3 BENARELETITRVLOT, BHITEANT ¥

TERY>TWET,
HH 4T 4
[...]
7 4T 98
HH 4T 99

BRI, TEBRYZEKDA—TA)TAZ BN LIEVEVWDIBRINS, TEBRY
RICEELTVEY , 2TOATYRICHT2FHLWMERIL. EYZaT7IR—V% &
FAHLIEIV,BLDOATVRTIE —~help AT aVEIBE $5I&ICKY. FIAA
BEANIA—SD—BE GHAHAI’RRIINET,

AT LERI—T1)T4



2.1 ZRRY—)

%< D Linux YATLERY—ILIE. AT LD—EDEERTEDICEELIE
A TS TWETH, THEFM7] DIV RATLREA—IFERT 7548
BEDEDBEELTCVET . FTIRXINSDY—ILEFIBA LTI RATLIRED
BEONOEEEIL. EDZRICDOVWTLYMIDWIABEANEETION AL
TLEXY,

2.1.1 vmstat

vmstat (7O P XE, 1/0 PEIYAH, CPU ICEETRIEHREIELET,
INSGA—=H|TREERAIEE R TICET I 5 BEIROBEEILAZE DT HEAR
RLET, NSIA—HIIIEEEREIRELTRITTEE ZEOHRNERIEICE
ERRLET:

A 2.1 vmstat BigDEENV> > TDHT

tux@mercury:™> vmstat -a 2
procs —--——--—---mem ory ---swap—- ----—io-—-- -system—- —---—- cpu-—--—---

r b swpd free inact active si S0 bi bo in csus sy idwa st
00 0 750992 570648 548848 0 0 0 1 8 9 0 0100 0 0
00 0 750984 570648 548912 0 0 0 0 63 48 1 099 0 0
00 0 751000 570648 548912 0 0 0 0 55 47 0 0100 0 0
00 0 751000 570648 548912 0 0 0 0 56 50 0 0100 0 0
00 0 751016 570648 548944 0 0 0 0 57 50 0 0100 0 0

P22 vmstat BEFDEVTE2 TDHL (FIC CPU 5@EFL TLEv>>)

tux@mercury:™> vmstat 2

procs —----——----mem ory swap-— ----—i0o---- -system—— ----—— cpu-——---

r b swpd free buff cache si S0 bi bo in cs us sy id wa st
32 1 26236 459640 110240 6312648 0 0 9944 2 4552 6597 95 5 0 0 0
23 1 26236 396728 110336 6136224 0 0 9588 0 4468 6273 94 6 0 0 0
35 0 26236 554920 110508 6166508 0 0 7684 27992 4474 4700 95 5 0 0 0
28 0 26236 518184 110516 6039996 0 0 10830 4 4446 4670 94 6 0 0 0
21 5 26236 716468 110684 6074872 0 0 8734 20534 4512 4061 96 4 0 0 0

(g

vmstat D ADIEHEADITICIE. BICEEDOBZEINODEEENRRI
nd,

BN EN TN T EDEDIRTINTT:
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FTF1—ICA>TWATOEAMARTIINET . o0 7O R A0
A (T570IC CPU DZEEEF O>TWBIRRETY , ZZDEHLFI A REA
CPU # JYEEEBRICKEZIWISEEIE, CPU OUEBREANTRELTWSZE
ERLET,

CPU LA DERAFHLTWS T OLABARTINET , ZZOEI BV
BmaEIE. AR (RYMNT—=0F B T4RY) ICRAENHBIEERLTVE
ED

swpd
MEFAPORTYTBIRDE (FO/NMEAL) ARRINET,

free
KEFADAEYE (FO/NSMER) NERINET,

inact
KERAAE)DIE, B EATREREDORFIEARLTVWET, 2D,
vmstat D/NSA—H(C -a (R /IS A—F) ZIBELLBEICOARIINE
ERS

active
BEIIBIETEAV BERETHERAINTUWAXAE)DEZRRILTVWEY, &
DFIE, vmstat D/NFA—F(C -a (HER/NSA—F) ZIBELILBEICOHFK
RINEY,

buff
RAM RICHDT7AI Ny T7x 0y aDHA X (FO/NA MNEAL) AART I
NFEY, ZDMEIE, vmstat D/INSA—FIC ~a (/S A—4) ZIBELIH
BIERRIINEEA,

cache
RAM RIZHBER—VFryoaDHYA X (FONAREA) BRI INFT, &
DIEIL, vmstat D/IZA—H(T -a (RIS A—F) ZIBELLBEICIERT
INFEtHA.

s/
1 WHEVICRIYTHEENS RAM ICBE LT —YDE (F0O/51 MEAL)
PRRINFT, ZDHDOEIRVERBEWMEEZRLTWSIGE. HFEVD <
U RAM #EBIILZIES5 ALY LN EAERLTWET,

YATLERI—T1)T1
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SO

bi

bo

n

CcSs

us

sy

id

wa

1 #®H7=YIC RAM SRy SBEICEEILI-T —YDE (FO/N1 ML)
PRARINFT, ZDHDOEIRVEREWMEEZRLTWSIGE. BFEVD <
U RAM #EBIMILZIEFS LY LN EERLTWET,

1 RBEVICTOVITINAR (TARVRE) DDA LT Oy I8N &R
AINFT, AT TUBARI 7B EICE COEIEMLET,

1 RBEVICTOVITINAR (TARVRE) ICEZRAARTOVIHD KRS
NFT A7y TUENRISTHBEICE. COEIIEMLET,

1 HYDEAABHIRRIINET . COEIEWNGE. AEA (Rvh
D—DFET1RY) BELBELTWBIEERLET,

1RHEYOAVTFANRIYTFEDARIRIINET  COEABFEICED &,
A—RIDEBDTOTSLEERITTEH. —HFDTOATSLISMEDS
A7 5L ICETIA—REYYB LB AERLTVET,

A—H7O0€RICED CPU FRKRA/NX—VT—VTRLTVWET,

YRATLTALRICES CPU EAFEE/NA—tEYT—ITRLTVET,

CPU 74 RIVIREE (REFDIREE) ICHo1-EIEE/R—EYFT—ITRL
TWET, COEARVWERET > EOTHoBE. BFELD CPU AEWL
P5hTWBZEE RLTWET, CHIRFICEVNKEE WO DI TIIHYEE
ho r° b DEZETNTNHEEAL. +97 CPU MEEEN HB &% HEERTEN
I BICZDEINNIKTEDERITIMNEIEIHYTEA.

"'wa" DEBHIEOLYKRENVMEERLTWSGEE. T—YDAEAFETR
I— Tybh (IBFEE) A EETWAIEARLTVWET  IhdEZIET74
W IO THEMADLIIBIFEP. ETOEZIAAHLIEIBLDONRWVED
RIGEITIT BIIohRVWEDTIEHYET /. CDEIF/N—KITT7 LD
RRILRYY (TcEZERYRT =0 N—RT4RY) KMEELTWBIEERL
TWBIHEE HYFT . TNLUAIE ARBBAE) IR —U+ (FELIE E15E

AT LDEFI—=VTHAR



XEYEBEHY TSR FADF2—=20" (177 R—) BHHERLEIN) O
Fa—ZUJETROKMABHZIEEZRLTWBIGEE HUET,

st
RV THERAINK CPU BED/IA—t 57—V %R RILTVWET,

ISHRDBATavIlDOWTIE, vmstat ——help ZHFHALTEIN,

2.1.2 Y RAT LDENEER: sar & sadc

sar AV VRIFIEFIFLTOEERLR VAT LAEEICDOWTLR— N £ THIED
TEBY—ILT. CPU P AEY, IRQ DEARK AHAPRYINT—7 BEDIER
HERATDIEDNTEEFT  FAOAVVRIELR—NEZDIZTEMRTDHIE AT
XBEN VAT LBEDIETOY S LTHS sade BB EIC LB EDFE
HOSIERTBIEETEFT A, sar ¥ sade LT /proc Z7MILV AT A
N IRETZEREFIALTVET,

¥EC: sysstat /Swor—

sar & sadc [, WI Nt sysstat /ST —JICEFNTVWET, YaST HS 1V
AR—ILETEID.ELLIE zypper in sysstat TAVAM—IL &1TH>TLE
re AW

2.1.2.1 sadc 2#F|AL/=AXDOBEIT—YINE

BEVDIYRATLERWERBICH /> TERLAWSEIL, sadc #FIBALTT—
HEEENEIETRIEEEHOLET  NELLT—2IEEDLS sar AV R TH
AL TENTEZT, sadc AHEEITBICIE, /etc/init.d/boot. sysstat start
HEZEITLKEIVN ZOAY VNI TEEDOBEEDERET sadc ZMUHT LD /
etc/cron.d/ ICY V9 %BINTZEDTY,

« MAARLGETOT—9%2&ET 2.

« F—41% /var/log/sa/saDD ICEXAL, ZZ T R ENAH (B 2 R9H
DET B, B T77MIVDEFEETBHE. 771IVET7—h14TINh 5,

o WMELR—MZE /var/log/sa/sarDD |[CEX KBOCCT“DD FIREDH (BRY)
HERT EDETD B TPAIVDFETDHE. 771V T —H1TIN5,

« 741310 D FERTINEL. ﬁ%gbd‘ ME 6 BFRICEICIERR T B (/etc/
sysstat/sysstat.cron ZHFEHLEIW) ,

YATLERI—T1)T1
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o T—41% /usr/libb4/sa/sal TINET S (32 EVMNRIEDIFEIL /usr/Lib/
sa/sal)

« BEEIL /usr/Lib64/sa/sa2 TEM T (32 EVMNRIEDIZE L /usr/Lib/sa/
sa2)

BEAHNRAITAXLIEWESIE., sal & sa2 DRVY T AaIE—L EICHL
TIBELTEIWN.F/. /etc/cron.d/sysstat Cdhd S VRYyoUvo% /
etc/sysstat/sysstat.cron DARYTA XREANEZTLIEIN,

2.1.2.2 sar ZFIAL7LR—MER

LIR—REZF DR TERT BICIE, sar ATV RICER ) SV haiEELTE
TLET, 771 S LR—MEERTZIIE, BRRIEEDRDYIC -f A+ F>ay
ERMAL. 7710 E% IBELTEIVW, 771V & LR hov bW hiig
ELRITNIL, /var/log/sa/sadl J7A I DSLR— LR LET,ZITHD I
IESHOH (BF) "AVET, LEEZDTALIR)IL sade BT —FEEZATEE
DEEDTALIN) TT  EBHROI77MINEFEHALIBEI, fATVavaRE
BRELZIFEELTLESIN,

sar 2 10 P Z0BTLR—MEEXRT 2, 2 WERT 10 @,
sar -f “/reports/sar 2010 05 03 # sar 2010 05 03 7 7 M/ IL~NDREWVWEDLHE,

sar #t /var/log/sa/ ICHBARBDDT7 71 ILADEVEDLHE,
cd /var/log/sa &&¥

sar -f sa@l -f sa02 #t /var/log/sa/0[12] D7 7 A4 ILADEVEDLE,

sar DEFRERGIEHBRIIEBRLET, BHDBKICOWT, FLLIL sar D
man (1) (R=aT7IR_R—=2) ZBEFALIEIN, ¥ =T ILR—IICI, sar DR
TEHLDATLaviBERLR—NERFEDEDINTVET,

CPU fEFZEL R—}: sar

AEATavERERTICHUHLIGE. sar 1 CPU ICDWTEAMAL
R—MEERRLET . TIILF7OEv YTV DBRE. 2THD CPU ICHT 2R
BEIINTRRIINETERID CPU IS L TRI4D#EET IBIREB WS I,
-P ALL AT avaBFENEIL,

mercury:” # sar 10 5
Linux 2.6.31.12-0.2-default (mercury) 03/05/10  x86 64 (2 CPU)

14:15:43  CPU %user  %nice  Ysystem %iowait %steal %idle

14:15:53  all 38.55 0.00 6.10 0.10 0.00 55,25
14:16:03  all 12.59 0.00 4.90 0.33 0.00 82.18
14:16:13  all 56.59 0.00 8.16 0.44 0.00 34,81
14:16:23  all 58.45 0.00 3.00 0.00 0.00 38.55

AT LDEFI—=VTHAR



14:16:33 all 86. 46 0.00 4,70 0.00 0.00 8.85
Average: all 49,94 0.00 5.38 0.18 0.00 44,50

Fiowait (NHNEFHEL T CPU BEDEIE) RV BFEEOLYEIREIC
REWEEIFABEADIRT A (RYRNT—=90/N—R FARY) IZRRMNLRYIH
BFETZIEERLTVWET Tk, %idle P RVWEREOTH>IHEE. BFEL
@ CPU @ MAEAFEWYI>TWBIEARLTWET, capacity.

AEYFERFELR—P: sar-r

BFEVDIVRTLAEY (RAM) ICDOWTHEEAE KT DL, -r T VavE(E
BLZEY:

mercury:” # sar -r 10 5
Linux 2.6.31.12-0.2-default (mercury) 03/05/10  x86 64 (2 CPU)

16:12:12 kbmemfree kbmemused %memused kbbuffers kbcached kbcommit %commit
16:12:22 548188 1507488 73.33 20524 64204 2338284 65.10
16:12:32 259320 1796356 87.39 20808 72660 2229080 62.06
16:12:42 381096 1674580 81.46 21084 75460 2328192 64.82
16:12:52 642668 1413008 68.74 21392 81212 1938820  53.98
16:13:02 311984 1743692 84,82 21712 84040 2212024 61.58
Average: 428651 1627025 79.15 21104 75515 2209280 61.51

=ED 2 5 (kbcommit & %commit) I1ZI3. IBRIEDARELNIETBICH>T
WELEETDOXE)ABE (RAM Ry DAEH) DERXEEZZNRERFO/NM
BAEN—EVMNEMTRRLTWET,

R—=I VT fEtLR—b: sar -B

A—RIWDR—=I VT T RREHBERERTT DI, -BAT avAaFRALE
ER

mercury:” # sar -B 10 5
Linux 2.6.31.12-0.2-default (mercury) 03/05/10  x86 64 (2 CPU)

16:11:43 pgpgin/s pgpgout/s fault/s majflt/s pgfree/s pgscank/s pgscand/s pgsteal/s Y%vmeff
16:11:53 225,20 104.00 91993.90 0.00 87572.60 0.00 0.00 0.00 0.00
16:12:03  718.32  601.00 82612,01 2.20 99785.69  560.56  839.24 1132.23 80.89
16:12:13 1222,00 1672.40 103126. 00 1.70 106529.00 1136.00  982.40 1172,20 55.33
16:12:23  112.18 77.84 113406.59 0.10 97581.24 35.13 127.74 159.38  97.86
16:12:33  817.22 81.28 121312.91 9.41 111442, 44 0.00 0.00 0.00 0.00
Average: 618.72  507.20 102494, 86 2.68 100578.98  346.24  389.76  492.60 66.93

majfit/s (1 WHTYVDATv—T72ILN) DFITIE, TA4RY (RTvT) HBHAEY
BNIFAAFNR—IBDENMTVET, AV v—TAILNDEINKELAR
BEVATLADREEABETIETCLEILD, AM U AEVDARARBEZEKRT BIEE
ICRRYFE T, Fz. Bvmelf DHNIIAAVATEYHRDF vy 1P ATy Foya
(pgsteal/s) 1L T B R¥ vV iBHR—IH (ogscand/s) DEIGHRRIINTL

YATLERI—T1)T1
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FT,.2NUIR—TD BFRBICDOVWTHEREEZRTEDT, 100 (SHAWMEERT

(ENTIhRIYTTON SNEREADOR—IDBFHINTLS) i EHLUE
0 IGEWMEETRY (R—IUDRAF v INTVARW) FEVRTLADPRLEV

TWBZEaERLET, BB, ZDEIE 30 KFYUNIWMEICRBZRETIEHYFHA.

TOvI5F 134 ADMEHER: sar -d

TAOvITINAR (IN—=RT4RI HERSAT, USB ARL—UFNA R E) I

DWTOIHEHERERRTBICIE, -d A TVavaEFRLET, DEV DFERP»
I B, -p (pretty-print) DEBIMNA T avEFRALTWSIEATHRE
LY,

mercury:” # sar -d -p 10 5
Linux 2.6.31.12-0.2-default (neo) 03/05/10 x86 64 (2 CPU)

16:28:31 DEV tps rd sec/s wr sec/s avgrq-sz avgqu-sz await svctm %util

16:28:41 sdc 11.51 98.50 653. 45 65.32 0.10 8.83 4.87 5.61
16:28:41 scd0  0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
16:28:41 DEV tps rd sec/s wr sec/s avgrq-sz avgqu-sz await svctm Y%util
16:28:51 sdc 15.38 329.27 465. 93 51.69 0.10 6.39 4.70 7.23
16:28:51 scd0  0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
16:28:51 DEV tps rd sec/s wr sec/s avgrg-sz avgqu-sz await svctm %util
16:29:01 sdc 32.47 876.72 647. 35 46.94 0.33 10.20 3.67 11.91
16:29:01 scd0  0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
16:29:01 DEV tps rd sec/s wr sec/s avgrg-sz avgqu-sz await svctm %util
16:29:11 sdc 48.75 2852.45 366. 77 66. 04 0.82 16.93 4.91 23.94
16:29:11 scd0  0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
16:29:11 DEV tps rd sec/s wr sec/s avgrg-sz avgqu-sz await svectm %util
16:29:21 sdc 13.20 362.40 412.00 58.67 0.16 12.03 6.09 8.04
16:29:21 scd0  0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Average: DEV tps rd sec/s wr sec/s avgrg-sz avgqu-sz await svectm %util
Average: sdc 24.26  903.52 509. 12 58.23 0.30 12.49 4.68 11.34
Average: scdd  0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

BEVDOIIVICERDTARIDNERINTWDIHEE. £ TDTARZICHL
TEHEMICABENERDS DL TV R EREDMREESIEHTIENTEET,
Average 11D tps, rd_sec/s, wr_sec/s D% 2TDT AR LTHELT
{I2XW, svetm & Butil DINCHBEDNEERICEWGEIE. T1RIARD ©2X
BRENFTRLTWBIENEZLNET,

RYNI—Y DFEEHER: sar-n F—T7—F

-NATOIVEIRETEE. RYNT—VICEETEIERD LR—aEKTBIE
DNTEFY, nIHWTTRED F—7—RAEIBELTEIL:

AT LDEFI—=VTHAR



DEV: £ETDRYNT—IFTNA R T 285 LIR—MEERLET,

EDEV: 2 TDRYNT—=IFTINA AT T B LTo— HETLR—M=ERLET,
NFS: NFS O#stLR—RE4EmLE T, client

NFSD: NFS H—/\D#FETLR— SR LET,
SOCK: V' ryMIBEdBHET L R— M SR LET,
ALL: 2TDRYRNT—UEHBEREERLE T,

2.1.2.3 sar T—9DREAL

sar DLR—MIABICE>TENIEERPTVWEDEIZE A FH AL kSar EMEIE
3 sar T—YDHEAL Java TSV Tr—2avd HYFITHN. ChiaFIBETEE
TRYTWISTEEMRTEDIENTEET, £, D7 TV r—2avid PDF #
RTOLR—NEERRTBIEETEZIED., TOBTOERPEET—YDT74
IWDSERTBIEETEET, 8. kSar 1& BSD SAEZVRATRHEIN TV E
F.EEL<IE http://ksar. atomique. net/ ZBHFALIEIN,

2.2 AT LER

2.2.1 FIM ADAHEHR: iostat

iostat XAV RTLTNAZADEREZERLET, BHEVDIRATAILERINE
WMBFARIDBEICDOWT.IF NNSUREEL=HDEF L LIR—MNEIREEL
3R

&AM iostat LIR—FTIE, Y RAT AREIERD S INELKITONREHEREZR
RLET . ENLUBOLR—I TR FIED LIR—IDODESERTLET,

tux@mercury:”> iostat
Linux 2.6.32.7-0.2-default (geeko@buildhost) 02/24/10 x86 64

avg-cpu: Y%user %nice %system %iowait %steal %idle
0,49 0,01 0,10 0,31 0,00 99,09

Device: tps  Blk read/s Blk wrtn/s Blk read Blk wrtn

YATLERI—T1)T1
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sda 1,34 5,59 25,37 1459766 6629160
sdal 0,00 0,01 0,00 1519 0
sda2 0,87 51 17,83 1335365 4658152
sda3 0,47 0,47 7,54 122578 1971008

-n ATIVERETRE, iostat IFRYNT—I TP Y RT L (NFS) (BT
ZAFEIERERTTDIIICRYET F/z. xFTVavEeERETRE, LUYLWL
SEHEDOMETERERTLET,

Fl EDTNRAREENKL VDB BB TERTI2ON EIBET D JENTE
F9./-&%I1L iostat —p sda 3 5 DLIICANTEE. T/N1 R sda ICBEATBL
R—h%& 3 MWERTS BXRRLET,

XEQ: sysstat /Syor—

iostat & sysstat /S —ID—EHFTY, YaST ZFATHH. E L
zypper in sysstat AY VR TRy —I %AV AR—=)LLTLEELY,

2.2.2 7Oty Y DEIHEEEHR: mpstat

mpstat 1—F ) F4l&. FIBT LR 7O YO BERRARAELET, BE
WDYRATFTAILTAOy YA 1 EUMEE ShTOWARWGEIZ. 2EOEEHE
BRHARIINET,

PATaVEIRETIE. RETRETOLY Y% BEESTHRETDIIENTEET
(021 EBICRYET) . 913V TICEATEAToavid, iostat DHLDE AL

PYATIRELES &AL mpstat -P 1 2 5 DEIICANTBE, 2 WRERT

5. 2E&B0 7Oty (BSEET ) IKBETHLR— I HALES,

tux@mercury:™> mpstat -P 1 2 5
Linux 2.6.32.7-0.2-default (geeko@buildhost) 02/24/10 x86 64

08:57:10 CPU %usr  %nice %sys %iowait %irqg %soft %steal ¥
%guest  %idle
08:57:12 1 4,46 0.00 5.94 0.50 0.00 0.00 0.00 ¥
0.00 89.11

08:57:14 1 1.98 0.00 2.97 0.99 0.00 0.99 0.00 ¥
0.00 93.07
08:57:16 1 2,50 0.00 3.00 0.00 0.00 1.00 0.00 ¥
0.00 93.50
08:57:18 1 14.36 0.00 1.98 0.00 0.00 0.50 0.00 ¥
0.00 83.17
08:57:20 1 2.51 0.00 4,02 0.00 0.00 2.01 0.00 ¥
0.00 91.46

Average: 1 5.17 0.00 3.58 0.30 0.00 0.90 0.00 ¥

18 YRFTLDHEF21—ZVTHAR



0.00 90.05

2.2.3 SRV DEER: pidstat

BFEVDUVRATALICBWTEEDYRIDARAERLAWEE X, pidstat %
VREFRLETBIRLAEZNZNAD YRVICDOVWTAEBIRRARRT I YR
HEMABI/ELRWVEE Linux A—RILHBIE T ZL 9 R DIIBRRERT
LEd, LR—MIEIEETEZIENTEZEN. TNODORHEEREAIEET S E
t TEFETY,

fc&EZ L pidstat -C top 2 3D LIITANTSRE, ATV RRIC Ttopl 2E5T4
29D BERRERTLET, 2 WRERTE 3 BDOLR—MMERINET,

tux@mercury:~> pidstat -C top 2 3
Linux 2.6.27.19-5-default (geeko@buildhost) 03/23/2009 x86 64

09:25:42 AM PID %usr %system %guest %CPU  CPU Command
09:25:44 AM 23576  37.62 61.39 0.00 99.01 1 top
09:25:44 AM PID %usr %system %guest %CPU  CPU Command
09:25:46 AM 23576  37.00 62.00 0.00 99.00 1 top
09:25:46 AM PID %usr %system %guest %CPU  CPU Command
09:25:48 AM 23576  38.00 61.00 0.00 99.00 1 top
Average: PID %usr %system %guest %CPU  CPU Command
Average: 23576  37.54 61.46 0.00 99.00 - top

2.2.4 H—RIWV DIV T 1w I7PRZ: dmesg

Linux A—RIUVTIRVBFED XAy E—I %) TRy 77 RICERFLTWEY., Ihb
DAY=V %KRRTHICIE, dnesg AV KA TFIECIEIL:
tux@mercury:™> dmesg

[...]

end request: I/0 error, dev fd0, sector 0

subfs: unsuccessful attempt to mount media (256)

e100: eth0: €100 watchdog: Llink up, 100Mbps, half-duplex

NET: Registered protocol family 17

IA-32 Microcode Update Driver: v1.14 <tigran@veritas.com>

microcode: CPUQ updated from revision Oxe to 0x2e, date = 08112004
IA-32 Microcode Update Driver v1.14 unregistered

bootsplash: status on console 0 changed to on

NET: Registered protocol family 10

Disabled Privacy Extensions on device c0326ea0(lo)

IPv6 over IPv4 tunneling driver

powernow: This module only works with AMD K7 CPUs

bootsplash: status on console 0 changed to on

YATLERI—T1)T1
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ISICHWARYMIDWTIE, /var/log/messages ¥ /var/log/warn 774 )LIC
REINZEY,

2.2.5 MM TWB 771 D—KRR: Isof

BELEZTOER ID (PID) THRWTWS 277/ )L a—BRRTDIIIE, -p A7
2avE BELET. EZIE. BEDOY IV TWELTO 77 ILEFHERT
B IClE. FEEDEDICAALET:

tux@mercury:™> Llsof -p $$

COMMAND PID USER FD  TYPE DEVICE SIZE/OFF NODE NAME

bash 5552 tux cwd DIR 3,3 1512 117619 /home/tux

bash 5552 tux rtd DIR 3,3 584 2/

bash 5552 tux txt REG 3,3 498816 13047 /bin/bash

bash 5552 tux mem REG 0,0 0 [heap] (stat: No such
bash 5552 tux mem REG 3,3 217016 115687 /var/run/nscd/passwd
bash 5552 tux mem REG 3,3 208464 11867 /usr/lib/locale/en GB.

[...]

bash 5552 tux mem REG 3,3 366 9720 /usr/lib/locale/en GB.
bash 5552 tux mem REG 3,3 97165 8828 /lib/ld-2.3.6.s0

bash 5552 tux Ou CHR 136,5 7 /dev/pts/5

bash 5552 tux lu  CHR 136,5 7 /dev/pts/5

bash 5552 tux 2u  CHR 136,5 7 /dev/pts/5

bash 5552 tux 255u CHR 136,5 7 /dev/pts/5

ZZT I IIERAVIINEHRT.VIIEEDO 7O0EX ID ICBERASNTE
TINET,

F7z lsof ICAIE ATV avAIEELAWVWTETTSE, BERINMNTLDLTD
T7AIVE—BERRLET . AINTVWBZLTD I7/IVEEEtT5E% 8D T74
IS TLEI D 27710 %E RRLTEHFYEFTIEHYE A TDRK
DI RREEEAAEDLED CET HEVWPTVW—BEILTE2ONBEDTT,
FEZEF VS IITINAAD —BEAERTTDITIE, FERDOLICAALET:

tux@mercury:™> Llsof | grep CHR

bash 3838 tux Ou CHR 136,0 2 /dev/pts/0
bash 3838 tux 1u CHR 136, 0 2 /dev/pts/0
bash 3838 tux 2u CHR 136,0 2 /dev/pts/0
bash 3838 tux 255u CHR 136,0 2 /dev/pts/0
bash 5552 tux Ou CHR 136,5 7 /dev/pts/5
bash 5552 tux Tu CHR 136,5 7 /dev/pts/b
bash 5552 tux 2u CHR 136,5 7 /dev/pts/5
bash 5552 tux 255u CHR 136,5 7 /dev/pts/5
X 5646 root mem CHR 1,1 1006 /dev/mem
Llsof 5673 tux Ou CHR 136,5 7 /dev/pts/5
Lsof 5673 tux 2u CHR 136,5 7 /dev/pts/b
grep 5674 tux Tu CHR 136,5 7 /dev/pts/5
grep 5674 tux 2u CHR 136,5 7 /dev/pts/5

AT LDEFI—=VTHAR



—i AFaVEIBET DL, lsof (& AVF—RYRNTFAIICDVWTERRT DL
ICIRYET:

tux@mercury:~> Lsof -i

[...]

pidgin 4349 tux 17r IPv4 15194 0t0 TCP ¥
jupiter.example. com:58542->www. examp le. net:https (ESTABLISHED)

pidgin 4349 tux 21u IPv4 15583 0t0 TCP ¥
jupiter.example. com:37051->aol. example.org:aol (ESTABLISHED)

evolution 4578 tux 38u IPv4 16102 0t0 TCP ¥
jupiter.example. com:57419->imap. examp le. com: imaps (ESTABLISHED)

npviewer, 9425 tux 40u IPv4 24769 0t0 TCP ¥
jupiter.example. com:51416->www. examp le. com:http (CLOSE WAIT)

npviewer, 9425 tux 49u IPv4 24814 0t0 TCP ¥
jupiter.example. com:43964->www, example. org:http (CLOSE WAIT)

ssh 17394 tux 3u IPv4 40654 0t0 TCP ¥
jupiter.example. com:35454->saturn. example. com:ssh (ESTABLISHED)

2.2.6 1—RI & udev DIRY MNEFEER:
udevadm monitor

udevadm monitor IV Ri, udev DIL—ILHBFELT: h—RILARVKNE
uevent AFEERL. T2V —ILICHLTEDARY KD F/31 R/ (DEVPATH) %
RARLET, FEEIE USB XEYRTFT A7 %#ERR LIZIBEDA RV MITY:

YEC: udev IRV MDEER

root 1—H721FH% udevadm AV REFIFHLT udev IRV NEERT BN
TEFEY,

UEVENT[1138806687] add@/devices/pci0000:00/0000:00:1d.7/usb4/4-2/4-2,2
UEVENT[1138806687] add@/devices/pci0000:00/0000:00:1d.7/usb4/4-2/4-2.2/4-2.2
UEVENT[1138806687] add@/class/scsi_host/host4

UEVENT[1138806687] add@/class/usb_device/usbdev4. 10

UDEV [1138806687] add@/devices/pci0000:00/0000:00:1d.7/ush4/4-2/4-2.2

UDEV [1138806687] add@/devices/pci0000:00/0000:00:1d.7/ushd/4-2/4-2.2/4-2.2
UDEV [1138806687] add@/class/scsi host/host4

UDEV [1138806687] add@/class/usb device/usbdev4. 10

UEVENT[1138806692] add@/devices/pci0000:00/0000:00:1d.7/usb4/4-2/4-2,2/4-2.2
UEVENT[1138806692] add@/block/sdb

UEVENT[1138806692] add@/class/scsi generic/sgl

UEVENT[1138806692] add@/class/scsi_device/4:0:0:0

UDEV [1138806693] add@/devices/pci0000:00/0000:00:1d.7/ushd/4-2/4-2.2/4-2.2
UDEV [1138806693] add@/class/scsi generic/sgl

UDEV [1138806693] add@/class/scsi device/4:0:0:0

UDEV [1138806693] add@/block/sdb

UEVENT[1138806694] add@/block/sdb/sdb1

UDEV [1138806694] add@/block/sdb/sdb1
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UEVENT[1138806694] mount@/block/sdb/sdb1
UEVENT[1138806697] umount@/block/sdb/sdb1

2.2.7 EF Y571 DAY MER: audit

Linux DEEEIL—LT—VI3EHLEBT AT LT, 2TOEF1) FT(BEEANR
VN IRELFET . INSDEFKITZTDEREF IV TR —DERMIPEELTW
BROHEID HRABTEODICDHIIITRLNET,

2.2.8X11 9547V D RALTWSH—
EiREHRDERT: xrestop

xrestop (&, FNEFNOEFFH X11 V54TV M DWT H—NAITHEIN
TWAERIEHRAERTLET . B A 2.3.418 1 FOERRK: top] (25 R—)
LB RO TUVET,

xrestop - Display: localhost:0

Monitoring 40 clients. XErrors: 0
Pixmaps: 42013K total, Other: 206K total, ALl: 42219K total

res-base Wins GCs Fnts Pxms Misc  Pxm mem Other Total PID Identifier
3e00000 385 36 1 751 107 18161K 13K 18175K ?  NOVELL: SU

4600000 391 122 11182 889 4566K 33K  4600K ? amaroK - S
1600000 3B 11 0 76 142 3811K 4K 3816K ?  KDE Deskto
3400000 52 31 1 69 74 2816K 4K 2820K ? Linux Shel
2c00000 50 25 1 43 50 2374K 3K 2378k ? Linux Shel
2e00000 50 10 1 36 42 2341K 3K 2344K ? Linux Shel
2600000 37 24 1 34 50 1772K 3K 1775 ?  Root - Kon
4800000 37 24 1 34 49 1772K 3K 1775 ?  Root - Kon
2200000 209 33 1 323 238 1111K 12K 1123K  ?  Trekstor2b
1800000 182 32 1 302 285 1039K 12K 1052K ?  kicker
1400000 157 121 1 231 477 177K 18K 796K  ?  kwin
3c00000 175 36 1 248 168 510K 9K 520K ?  de.comp. la
3200000 326 42 1 579 444 486K 20K 506K ?  [opensuse-
0200000 85 38 1 317 224 102K 9K 111K 7 Kopete
4¢00000 25 17 1 60 66 63K 3K 66K 7  YaST Contr
2400000 1 10 0 56 51 53K 1K 55K 22061 suseplugge
0200000 20 12 1 50 92 50K 3K 54K 22016 kded
3200000 6 41 5 72 84 40K 8K 48K 7?7  EMACS
2200000 54 9 1 30 31 42K 3K 45K 7 SUSEWatche
4400000 2 N 1 30 34 34K 2K 36K 16489 kdesu
1a00000 255 7 0 42 1 19K 6K 26K ?  KMix
3800000 2 14 1 34 37 21K 2K 24K 22242 knotify
1e00000 10 7 0 42 9 15K 624B 15K ?  KPowersave
3600000 106 6 1 30 9 7K 3K 11K 22236 konqueror
2000000 10 5 0 21 34 9K 1K 10K ?  klipper

AT LDEFI—=VTHAR



+3000000 21 7 0 N 9 7K 888B 8K ? KDE Wallet

2.3 70EX

2.3.1 7Ot AM&E(E: ipcs

ipcs 7OV SAKIREFAFRD IPC (FOLRABEE) ARTITDIEHNTEX
ER

—————— Shared Memory Segments -———--—-

key shmid owner perms bytes nattch status
0x00000000 58261504  tux 600 393216 2 dest
0x00000000 58294273  tux 600 196608 2 dest
0x00000000 83886083  tux 666 43264 2

0x00000000 83951622  tux 666 192000 2

0x00000000 83984391  tux 666 282464 2

0x00000000 84738056 root 644 151552 2 dest
—————— Semaphore Arrays —-———--—-—-

key semid owner perms nsems

0x4d038abf 0 tux 600 8

—————— Message Queues ————---—-—
key msqid owner perms used-bytes messages

2.3.2 7O0tRAD—%K: ps

ps AXV R TOERAD—EEZRTTDIENTIET, FEAED/NTX—41F
VAT REBRLTELIENTELT . BRAE ANITEHRUIB AT ps —-help &
ABL SYELWAILTE BROBEIITZaTILR—IEEHmAIEI,

F 2TO7TORRIIDODVWTA—HEOAT VY RSAVIEHRARTT BIIE. ps axu
EAALET:

tux@mercury:~> ps axu

USER PID %CPU %MEM VSZ RSS TTY STAT START  TIME COMMAND
root 1 0.0 0.0 696 272 7 S 12:59  0:01 init [5]
root 2 0.0 0.0 0 07 SN 12:59 0:00 [ksoftirqd
root 3 0.0 0.0 0 07 S< 12:59  0:00 [events
[...]

tux 4047 0.0 6.0 158548 31400 ? Ssl 13:02 0:06 mono-best

tux 4057 0.0 0.7 9036 3684 ? SL 13:02 0:00 /opt/gnome
tux 4067 0.0 0.1 2204 636 ? S 13:02  0:00 /opt/gnome
tux 4072 0.0 1.0 15996 5160 ? Ss  13:02 0:00 gnome-scre

YATLERI—T1)T1

23



24

tux 4114 0.0 3.7 130988 19172 ? SLL 13:06 0:04 sound-juic
tux 4818 0.0 0.3 4192 1812 pts/0 Ss  15:59  0:00 -bash
tux 4959 0.0 0.1 2324 816 pts/0 R+ 16:17 0:00 ps axu

=& Z I sshd 7AERADBWDEELTWB DD VE ARDBICIE, -p AT Vave
pidof OV RAEBEHALTLIEIW, pidof OYVRIE, IEEINAZrI0OT VR
ERITLTWSTOERID %, —&%XR79% AvVRNTY,

tux@mercury:™> ps -p $(pidof sshd)

PID TTY STAT  TIME COMMAND
3524 7 Ss 0:00 /usr/sbin/sshd -o PidFile=/var/run/sshd. init.pid
4813 ? Ss 0:00 sshd: tux [priv]
4817 ? R 0:00 sshd: tux@pts/0

TOEZA—EOEXIVEIIGLTEERITRIENTEEY, -LATVavEaigE
LTETT2E. BRICET 2R TOF—T—RERNTE CEATEET. eER
ETFEDIYVRTIRH. 2TOTOEREAE) D FAFKIFICHERTERRLEY:
tux@mercury:~> ps ax —-format pid, rss,cmd --sort rss
PID RSS CMD
2 0 [ksoftirqgd/0]
3 0 [events/0]
4 0 [khelper]
5 0 [kthread]
1 0 [kblockd/0]
12 0 [kacpid]
472 0 [pdflush]
473 0 [pdflush]
[...]
4028 17556 nautilus -—no-default-window —-sm-client-id default2
4118 17800 ksnapshot
4114 19172 sound-juicer
4023 25144 gnome-panel —--sm-client-id defaultl

&7 7%: ps BETFHIL

ps aux --sort %/
F DEANBICHEANBZFT . ZNEN I/ IIE TFRRZIBETEET,

YIIEXE) DLLER: pmem
CPU DfEFZR: pcpu
BEEYMAZX (R7YTLTWRWIEAEY): rss

ps axo pid, %cpu, rss, vsz, args, wchan
£7OERIDVWTPID & CPU DERAE AEYHAX (BEBLIWMRTE) &
ZBl, BLVOYRFLI—ILEERTLET,

ps axfo pid, args
7OV — (K#EiE) =R RLET,

AT LDEFI—=VTHAR



2.3.3 7O0ERADY)—FKR: pstree

pstree XV RIE, TOERAD—E%Y!)— (K) #1E TRRLET:
tux@mercury:™> pstree
init-t-NetworkManagerD

|-acpid

| -3%[automount]

[-cron

| -cupsd

| -2x[dbus-daemon]

| -dbus-launch

|-dcopserver

|-dhcped

|-events/0

|-gpg-agent

|-hald-+-hald-addon-acpi

“~hald-addon-stor

|

| -kded

|-kdeinit-+-kdesu---su---kdesu stub---yast2---y2controlcenter
| |-kio file

| |-k Launcher

| |-konqueror

| | -konso le-+-bash---su---bash
| | “-bash

[ S—kwin

| -kdesktop-—-kdesktop lock---xmatrix

| -kdesud

| ~kdm—+-X

|

“-kdm---startkde-——kwrapper
[...]

P ATAVERETDIE. ZTNTNDERIDEAIC TOER ID AR RTHIE
HDNTEFFT, AVVRSAVICDVWTERTRTS ITIE, —a HIBELTEIWN,

2.3.4 7OtEAK: top

top A< KId "table of processes" (FAOEAKR) D BT, 2 WHEIICEH TS

HATDTOR—EERRLET, TOVSLE R TTBICIE, QLTS
WoE7z, -n 1 RSA—FEIFET DL, TOER—EE—ERAR §5721F7T70

TILDETT2EIYET, FaEkd. top -n 1 OHABITT:

tux@mercury:™> top -n 1

top - 17:06:28 up 2:10, 5 users, Lload average: 0.00, 0.00, 0.00

Tasks: 85 total, 1 running, 83 sleeping, 1 stopped, 0 zombie
Cpu(s): 5.5% us, 0.8% sy, 0.8% ni, 91.9% id, 1.0% wa, 0.0% hi, 0.0% si

Mem: 515584k total, 506468k used, 9116k free, 66324k buffers
Swap: 658656k total, Ok used, 658656k free, 353328k cached
PID USER PR NI VIRT RES SHR S %CPU %MEM TIME+ COMMAND
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1 root 16 0 700 272 236 S 0.0 0.1 0:01.33 init
2 root 34 19 0 0 0S 0.0 0.0 0:00.00 ksoftirqd/0
3 root 10 -5 0 0 0S 0.0 0.0 0:00.27 events/0
4 root 10 -5 0 0 0S 0.0 0.0 0:00.01 khelper
5 root 10 -5 0 0 0S 0.0 0.0 0:00.00 kthread
11 root 10 -5 0 0 0S 0.0 0.0 0:00.05 kblockd/0
12 root 20 -5 0 0 0S 0.0 0.0 0:00.00 kacpid
472 root 20 0 0 0 0S 0.0 0.0 0:00.00 pdflush
473 root 15 0 0 0 0S 0.0 0.0 0:00.06 pdflush
475 root 1 -5 0 0 0S 0.0 0.0 0:00.00 aio/0
474 root 15 0 0 0 0S 0.0 0.0 0:00.07 kswapd@
681 root 10 -5 0 0 0S 0.0 0.0 0:00.01 kseriod
839 root 10 -5 0 0 0S 0.0 0.0 0:00.02 reiserfs/0
923 root 13 -4 1712 552 344 S 0.0 0.1 0:00.67 udevd
1343 root 10 -5 0 0 0S 0.0 0.0 0:00.00 khubd
1587 root 20 0 0 0 0S 0.0 0.0 0:00.00 shpchpd event
1746 root 15 0 0 0 0S 0.0 0.0 0:00.00 w1 _control
1752 root 15 0 0 0 0S 0.0 0.0 0:00.00 w1 _bus_master1
2151 root 16 0 1464 496 416 S 0.0 0.1 0:00.00 acpid
2165 messageb 16 0 3340 1048 792 S 0.0 0.2 0:00.64 dbus-daemon
2166 root 15 0 1840 752 556 S 0.0 0.1 0:00.01 syslog-ng
2171 root 16 0 1600 516 320 S 0.0 0.1 0:00.00 klogd
2235 root 15 0 1736 800 652 S 0.0 0.2 0:00.10 resmgrd
2289 root 16 0 4192 2852 1444 S 0.0 0.6 0:02.05 hald
2403 root 23 0 1756 600 524 S 0.0 0.1 0:00.00 hald-addon-acpi
2709 root 19 0 2668 1076 944 S 0.0 0.2 0:00.00 NetworkManagerD
2714 root 16 0 1756 648 564 S 0.0 0.1 0:00.56 hald-addon-stor

EEETld CPU OEREKIE (%CPU D, a—kv kT Shift + P) ICIEANS
NTVWET . ETNETNTEDYI—MYMNTHVIRZEETEIEN TEET:

Shift + M: BEEXTEY) (RES)
Shift + N: 7O+ X ID (P/D)
Shift + T: CPU B[ (T/IME+)

ZNUADIEHBZLENEZICERTSICIE. FEZRLT—EDL IHEZERLE
T AANBEZIRRF (FIR. FFIR) ZtDWUEZSICIE, Shift + R Z#LET,

e, VU AT23v%u BETHEBFEDI—HOTOCRLEIFEERTEL
NIRYFST T UDITIFA—DI— ID 2IELTLEIW, L&A,
top -U $(id -u) DEIIICABNTRE BoBEEIEHLATOERIIDOVWT—
ERTETRVET,

2.3.5 top AV RICLLZ=1/0 E=4: iotop

iotop 1—F )T 1%, TOERAPALYRZEIC /O FREREREATRRTS
ZENTESBL—T4YT4TY,

AT LDEFI—=VTHAR



(g

iotop (FEEETIFAV AM—=ILENZEH A, root T zypper in iotop ZE1T
lJ\ 4VZ|\_)D%13_'7639—C<7£'§L\0

iotop IFIEINAEINERDOEICHKELL /O ICDWVWT, TDFHAHIAAEEE
AHEFHETOCRAZEIHTRRILET . ETOER NRTYTADEEA
HAIBICEPLLBEBDE SR, 1/0 DR T AF LT WEBDE & A2RT
TBIEETEET ZTNLUMNIE. ZNETND I/0 BEIELL (95 LRIV) K
REINFET, IS HENEROBICRE L SRAIAHFEEZIAHD |/O =D
BEHEE AVY—TTAADEBEEIC KR RLET,

WNEEZEZDICIE. ZTNEFNEAEDA—YILF—%FHLET, £/ R TIEHEW
B%5 N8I, O 1 ——only A7 a>vDiIUE X%, P IE ——processes 73V
DYYEZEZNTNTRVWET, I5IC A 1 -—accumulated A7 avo 1Y
B2% QIITOVSLDRTHTRITENTEET, T | IEZALYR® IOt
ADBEIBMEZEER TS CENTEET , ZTNUADF—IXETEFEITRDD
DNDFE—TT,

&I iotop ——only DHABFITY, find & emacs HENMEFTHS KRN R A
TWXTd:

tux@mercury:~> iotop —-only
Total DISK READ: 50.61 K/s | Total DISK WRITE: 11.68 K/s

TID PRIO USER DISK READ DISK WRITE SWAPIN 10> COMMAND
3416 be/4 ke 50.61 K/s 0.00 B/s 0.00% 4.05 % find /

275 be/3 root 0.00 B/s 3.89 K/s 0.00 % 2.34 % [jbd2/sda2-8]
5055 be/4 ke 0.00 B/s 3.89 K/s 0.00 % 0.04 % emacs

iotop IZ/SYFE—R (-b) & AT BIENTEBEN. T7AIICHALTESS
PWEITAITEE TEET . A7 avD—BILDWT FLIEYZa7IR=Y
(man 1 iotop) ZHFHALIZIL,

2.3.6 7OEAD nice EDZEE: nice &
renice

H—RIWEETOERADELL NI (nice EEEFVET) 2#H&ICLT, E07O
TRTHLTLYZL<D CPU BB 5220 ERELET, HZ7AERIITLT
LYKZW lhicel] ENREINTVWS HE. TOERIISZA5N15 CPU BRI
DIRKIRYFE T, nice {ElF -20 (REE) 5 19 FTOBTHRELEFT . V1FR
DIEIE root FZIFHERETEET,
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nice DL NI ZHET3E, WIEREB N RO DB LT TR CPU BB KX
CGHEL.REROFKA D RWTOTS A EZTH—RILO TV RAI)LIEE
EFERNMEIEDLORGERICHEIHYET. TN5DOTOERAD Mhice EEKEL
93] ZET, Web =R EDMDNIES BAMICEMEIEZIENTEET,

Tl AT avEMRBIEEE T I nice RT3 5E, IRED nice [EAXRRTD
ZEDNTEET:

tux@mercury:~> nice
0

nice Iv> N DEIICEITTBEIBELZOATVRD nice [E% 10 ZIF TSR
LET.F/ nice -n LA Tv2 N DEIICETTDE, IRED nice fEIC
X BEMMETIEET HIENTEET,

FITHDTOERICH TS nice (EXZ BT BICIL, renice BEE -0 70
R 7d DEDITEFTLET &AL

renice +5 3266

BELALI—Y027O0tRIINT S nice BAZERETBICNE, v Z2—%F 4T

2avhE THEKEIW F A AR IV —TAEETIHAIE. -9 Ot
IN—"ID DEIIIEELET,

2.4 XE')

2.4.1 AEYDOFERR: free

free I—T 1) TAIE AT DERAKRERRTD CENTEET, EXIBREDEM
PEABABREDFEM. AV THEED FHlIrThThRRIINET:

tux@mercury:™> free

total used free shared buffers cached
Mem: 2062844 2047444 15400 0 129580 921936
-/+ buffers/cache: 995928 1066916
Swap: 2104472 0 2104472

ENEN -b-k,-m, -9 FTLaVERETDE /NN FO/NAMRAL X
HINARNBRL FHNAMBRAINEZRTTBEIICBYES, Fre. -d B 47
DavERETDE, A THELLRERISICRRDVEHRIND LOICAVFE
T leExE free -d 1.5 EANTBE, 1.5 WERTEH/MTRDONET,

AT LDEFI—=VTHAR



2.4.2 72 A€ EAR: /proc/meminfo

/proc/meminfo AR TBIET, free ARTRTEITF—ILYUEISITEHMAIER
EBBIENTEET, EBDETS, free FZTASOENEFALTVWET, T
SEIC6AEYN YRTLATDRTRHEZRLET, 32 EVMNV AT LDIFZE AE)D
BN BRZ2EE8 L. HNBEEINETERZIEISEFEL TSI

tux@mercury:~> cat /proc/meminfo

MemTotal: 8182956 kB
MemFree: 1045744 kB
Buffers: 364364 kB
Cached: 5601388 kB
SwapCached: 1936 kB
Active: 4048268 kB
Inactive: 2674796 kB
Active(anon): 663088 kB

Inactive(anon): 107108 kB
Active(file): 3385180 kB
Inactive(file): 2567688 kB

Unevictable: 4 kB
Mlocked: 4 kB
SwapTotal: 2096440 kB
SwapFree: 2076692 kB
Dirty: 44 kB
Writeback: 0 kB
AnonPages: 756108 kB
Mapped: 147320 kB
Slab: 329216 kB
SReclaimable: 300220 kB
SUnreclaim: 28996 kB
PageTables: 21092 kB
NFS Unstable: 0 kB
Bounce: 0 kB
WritebackTmp: 0 kB
CommitLimit: 6187916 kB

Committed AS: 1388160 kB
VmallocTotal: 34359738367 kB

Vmal locUsed: 133384 kB
VmallocChunk: 34359570939 kB
HugePages Total: 0
HugePages Free: 0
HugePages Rsvd: 0
HugePages Surp: 0
Hugepagesize: 2048 kB
DirectMapdk: 2689024 kB
DirectMap2M: 5691392 kB
ROBERBEHIETREOESYTY:
MemTotal

TR 884 RAM D& EHE
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MemFree
KERAD RAM OAEHE

Buffers
RAM HD 774Ny TpF4ya

Cached
RAM IDR—TFvyia (NyT7Fvyoa%Rl)

SwapCached
ATV TRDOR—IFvyia

Active
BEIBAAOTERVBERETHEAINALATY . ZOEIFERZRR—Y
(Active(anon) ELT—ERTIINDED) ILL>T ERINLAEYE, 771
Wy DR—T (Active(file)) DEEHEERLTWET,

/nactive
BHAOMRER BEETIEFERINTORWAEY , ZOEIFEZR—Y
(Inactive(anon) ELT—EBRIRIINDED) ICE>T EBRIN/ AT E, T7
1INy _R— (Inactive(file)) DEEHEERLTWET,

SwapTotal
27y TEHDEF AR

SwapFree
READRTYTEHDEFTHAX

Dirty
TARVICEZAFNEFEDAEYE

Writeback
BETARVICEZAATWSERADAEYE

Mapped
nmap JXVRTEIYLETONAEY

Slab
A—RILVDT—HEEFVvYa

SReclaimable
BH ATEEA SLAB F+v>a (inode, dentry 72)
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Committed AS
REDCBRNELZWEBTIIIHI->THRERAEYE (RAM ERTYT) O &5t
BEBORELY

2.4.3 7OtADAE!) @HAR: smaps

BEDOTOERANENLIFAE)EZFMALTVWSDOMNEIERICESICIE, top X ps
DEIRIFEY—IL T I CEE R A CDSOBREBEHICIE. A—FIL 2.6.14 D
SIRMIND LIS smaps YTV RFLEBFENLEEL, smaps TV
AT ALlE /proc/ Z Ot X ID/smaps DSTIEATEES s 7O IDIE
EEOTOER ID ICBEEBMATEIW ZOY T RTLRIHBEXAE)E T34
R—RAEYEXBILTRTRT DO MOTOCREEBEINTEST MEMIC
FERINTWAAEEZHITEIENTEET,

2.5 RyhI—%

2.5.1 RYPI—OREBDRR: netstat

netstat [ERY NI —VEHRERTITDIENTERIEN W—T14V7T7—T I (-
r), A9 —TTAR (i), TRAL—RER (M), RILFFHrARNDAYN—2yT1E
IR (-9), METIER (-s) EZTNETNRIRTHIENTEET,

tux@mercury: > netstat -r
Kernel IP routing table

Destination Gateway Genmask Flags MSS Window irtt Iface
192.168.2.0 * 255,255,254.0 U 00 0 eth0
Link-Llocal * 255, 255.0.0 U 00 0 eth0
Loopback * 255.0.0.0 U 00 0 lo

default 192.168.2.254 0.0.0.0 UG 00 0 eth0

tux@mercury:™> netstat -i

Kernel Interface table

Iface MTU Met  RX-O0K RX-ERR RX-DRP RX-OVR TX-OK TX-ERR TX-DRP TX-OVR Flg
ethd 1500 0 1624507 129056 0 0 7055 0 0 0 BMNRU
lo 16436 0 23728 0 0 0 23728 0 0 0 LRU

FYRD— VG BERER TP RRI DV IVNIATHIEETS 2&
NTELT, ZNTN TCP (-t), UDP (-u), raw (-r) ZIEELTLEIW F, -p
HIRETDHE.ZEVITYMDELTWS PID &0V 5 LK %R RLET,
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TEOHTIH. £TH TCP EEEFNSDEHmAFAL TS O S LR KR
LTWET:

mercury:” # netstat -t -p
Active Internet connections (w/o servers)

Proto Recv-Q Send-Q Local Address Foreign Address State PID/Pro
[...]

tcp 0 0 mercury:33513 www. novel L. com:www-http ESTABLISHED 6862/f i
tcp 0 352 mercury:ssh mercury2. :trc-netpoll ESTABLISHED 19422/s
tcp 0 0 localhost:ssh Llocalhost:17828 ESTABLISHED -

TEOFITIE, TCP 7OMIILOMKEHERERRLTWET:

tux@mercury:~)> netstat -s -t

Tep:
2427 active connections openings
2374 passive connection openings
0 failed connection attempts
0 connection resets received
1 connections established
27476 segments received
26786 segments send out
b4 segments retransmited
0 bad segments received.
6 resets sent

[...]
TCPAbortOnLinger: 0
TCPAbortFailed: 0
TCPMemoryPressures: 0

2.5.2 WEENRRYNT—IE=4: iptraf

iptraf [EXAZa—R—200O—A)IT) 7Ry T—% (LAN) E=4TY, TCP,
UDP DAIY "L —H Ry MDAFIER, IP FvIH LIS—REDRYIT—
JREHBIRAEEMRLET,

evh

iptraf (IBEETIEAIVAM—=ILINFEH A AV AN =)L 1T ITIE, root T
zypper in iptraf #3217 LTLEIL,

{EA T2 avaigEETICEITLIBRIE NEE—NTEELE T, /5745
WIRAZ1—%FATEHIENTESIED, iptraf TIELAWEETHBERZZER
TBHIENTEET  RYNT =V M9 —TIM R % IBEETHIEELTEET,
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B 2.1 iptraf DHEE—PNET

Frfil. WE HF As0—ivs Fusv—o BE AL
IPTraf

ar IP:
Non=IP:

Total rates:

Incoming rates:

Outgeing rates:

Ffo, iptraf AT VRIIIERDA TS av s HY, NyFE—RTEEMEIE BT
ENTEZY, FERDHFITIE. RYNT—T A9 —TTA R ethO (-i) DFEEHER
=1 DEIETS BEALET, IS ATOAYSALIZ/NNYI TSR (-B) TH
EIEBZEETELT . ZOHBEREMBERIEBEVDR—LTALIN) RICH
% iptraf. log Z71ILICHAINET (-L),

tux@mercury:™> iptraf -i eth@ -t 1 -B -L “/iptraf. log

ERINEOT770)UIE, more AX VR TCREETEET:

tux@mercury:~> more ~/iptraf. log

Mon Mar 23 10:08:02 2010; *kkkkkxx IP traffic monitor started skskskskskskk

Mon Mar 23 10:08:02 2010; UDP; eth®; 107 bytes; from 192,168.1.192:33157 to ¥
239, 255, 255, 253:427

Mon Mar 23 10:08:02 2010; VRRP; eth@; 46 bytes; from 192.168.1.252 to ¥
224.0.0.18

Mon Mar 23 10:08:03 2010; VRRP; eth@; 46 bytes; from 192,168.1.252 to ¥
224.0.0.18

Mon Mar 23 10:08:03 2010; VRRP; ethQ; 46 bytes; from 192,168.1.252 to ¥
224.0.0.18

[...]

Mon Mar 23 10:08:06 2010; UDP; eth@; 132 bytes; from 192.168.1.54:54395 to ¥
10.20.7.255:111

Mon Mar 23 10:08:06 2010; UDP; eth@; 46 bytes; from 192,168.1,92:27258 to ¥
10.20.7.255:8765

Mon Mar 23 10:08:06 2010; UDP; eth@; 124 bytes; from 192,168.1.139:43464 to ¥
10.20.7.255:111

Mon Mar 23 10:08:06 2010; VRRP; eth®; 46 bytes; from 192,168.1.252 to ¥
224.0.0.18

--More——(7%)

VATLERI—T 1) T4
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2.6 /proc 771V AT L

/proc 774V AT LEH—FRIVHMRE T DU 771V AT LT, 7714
WO RATEBOEEBRERBELET, EAELTERDOIATYVREANTRE,
CPU DiE$E%ARRTHIEHNTEET:

tux@mercury:~> cat /proc/cpuinfo

processor 10
vendor id : Genuinelntel
cpu family : 15
mode L 4
mode l name : Intel(R) Pentium(R) 4 CPU 3.40GHz
stepping 03
cpu MHz : 2800.000
cache size : 2048 KB
physical id 10
[...]
E72 EYRHDOEY B TRHEAICOVWTIAARSICR, TROLH>RIATVREA
ALET:
tux@mercury:~> cat /proc/interrupts
CPUO
0 3577519 XT-PIC timer
1 130 XT-PIC 18042
2: 0 XT-PIC cascade
5: 564535 XT-PIC Intel 82801DB-ICH4
7: 1 XT-PIC parport0
8: 2 XT-PIC rtc
9: 1 XT-PIC acpi, uhci hcd:usb1, ehci hcd:ush4
10: 0 XT-PIC wuhci _hcd:ush3
11: 71772 XT-PIC uhci_hcd:usb2, eth0
12: 101150 XT-PIC 18042
14: 33146 XT-PIC ide@
15: 149202 XT-PIC idel
NMI: 0
LOC: 0
ERR: 0
MIS: 0

TERIC /proc LTRICHBEELRI7MILE. ZOARRHPATLLET:

/proc/devices
FARRERT NI ZAD—&

/proc/modules
FAIAENT-A—FRILEY 22—

/proc/cmdline
A—FRILDAR Y RSAVINTGA—=4
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/proc/meminfo

AEYDFEARICEAT MR

/proc/config. gz

REETHRDHA—RIVIIDWT FOH—RIVEEET7(I % gzip EHEL-

£D

X5 BIEERIL. /usr/src/linux/Documentation/filesystems/proc. txt DT
FANIZAILRICEDINTOET (BB, 2D T71)LIE kernel-source /3y —

VEAVAN=I LI BERICDAFETEEY) F RERTHOTOERICE

IBIERIE, /proc/MN T4LI M) L DOERAIBDIENTEEY, T IMN
IZIE7'OE X ID (PID) #18ELEF T B BEOTOLRITOWTGANRS 56
l&, /proc/self/ ZFIBLTRANRBIENTEZT:

tux@mercury:~> Ls -l /proc/self

Lrwxrwxrwx 1 root root 64 2007-07-16 13:03 /proc/self -> 5356

tux@mercury:™> s -l /proc/self/
total 0

dr-xr-xr-x 2 tux users 0 2007-07-16

2007-07-16
2007-07-16
2007-07-16
2007-07-16
2007-07-16

-r——r—-r—— 1 tux users
Lrwxrwxrwx 1 tux users
—rwW-—————-— 1 tux users
-r——r--r-- 1 tux users
-r--r--r-- 1 tux users
[...]

dr-xr-xr-x 3 tux users 0 2007-07-16
-r=—r--r-- 1 tux users 0 2007-07-16

0
—r———————= 1 tux users 0 2007-07-16
-r——r—-r-— 1 tux users 0 2007-07-16
Lrwxrwxrwx 1 tux users 0 2007-07-16
—f———————= 1 tux users 0 2007-07-16
Lrwxrwxrwx 1 tux users 0 2007-07-16
dr-x-—————- 2 tux users 0 2007-07-16
-rw-r—-r-— 1 tux users 0 2007-07-16
-r-—r--r-— 1 tux users 0 2007-07-16
—rw——————- 1 tux users 0 2007-07-16
-r——r—-r-— 1 tux users 0 2007-07-16
-rw-r--r-- 1 tux users 0 2007-07-16

0

0

0

0

0

RITT7AIVETAT VDT RLREIY HTIE, maps 77/ ILRICEINTWET:

tux@mercury:~> cat /proc/self/maps
08048000-0804c000 r-xp 00000000 03:
0804c000-0804d000 rw-p 00004000 03:
0804d000-0806€000 rw-p 0804d000 00:
b7d27000-b7d5a000 r--p 00000000 03:
b7d5a000-b7e32000 r--p 00000000 03:
b7¢32000-b7e33000 rw-p b7e32000 00:
b7¢33000-b7f45000 r-xp 00000000 03:
b7f45000-b7f46000 r--p 00112000 03:
b7f46000-b7f48000 rw-p 00113000 03:

17:
17:
17:

03
03
00
03
03
00
03
03
03

04
04
04

104
104

1775
1775
0

1186
1186
0

8837
8837
8837

attr

auxv

cmdline

cwd -> /home/tux
environ

exe => /bin/ls
fd

loginuid

maps

mem

mounts

oom_adj
oom_score

root -> /
seccomp

smaps

stat

task
wchan

3 /bin/cat

3 /bin/cat
Cheap]

7 /usr/Llib/locale/en GB.utf8/

8 /usr/lib/locale/en GB.utf8/
/Llib/libc-2.3.6.s0
/lib/libc-2.3.6.s0
/Llib/libc-2.3.6.s0
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b7f48000-b7f4c000 rw-p b7t48000 00:00 0

b7£52000-b7153000 r--p 00000000 03:03 11842 /usr/lib/locale/en GB.utf8/
[...]

b7f5b000-b7f61000 r--s 00000000 03:03 9109 /usr/Llib/gconv/gconv-module
b7f61000-b7162000 r—-p 00000000 03:03 9720 /usr/lib/locale/en GB.utf8/
b7162000-b7f76000 r-xp 00000000 03:03 8828 /Llib/ld-2.3.6.s0
b7t76000-b7f78000 rw-p 00013000 03:03 8828 /Llib/1d-2.3.86. so
bfd61000-bfd76000 rw-p bfd61000 00:00 0 [stack]

ffffe000-fffff000 ---p 00000000 00:00 0 [vdso]

2.6.1 procinfo

/proc Z7AIVY AT LICHBZEERIERIE. procinfo AV REFHTHIET
BERIE TRIENTEET:

tux@mercury:~> procinfo

Linux 2.6.32.7-0.2-default (geeko@buildhost) (gcc 4.3.4) #1 2CPU

Memory: Total Used Free Shared Buffers
Mem: 2060604 2011264 49340 0 200664
Swap: 2104472 112 2104360

Bootup: Wed Feb 17 03:39:33 2010 Load average: 0.86 1,10 1.11 3/118 21547

user 2:43:13.78 0.8% page in : 71099181 disk 1: 2827023r 968
nice : 1d 22:21:27.87 14.7% page out: 690734737

system: 13:39:57.57 4.3% page act: 138388345

IOwait: 18:02:18.59 5.7% page dea: 29639529

hw irg: 0:03:39.44 0.0% page flt: 9539791626

sw irg: 1:15:35.25 0.4% swap in : 69

idle : 9d 16:07:56.79 73.8% swap out: 209

uptime: 6d 13:07:11.14 context : 542720687

irg 0: 141399308 timer irg 14: 5074312 ided

irg 1 73784 18042 irg 50: 1938076 uhci_hcd:usbl, ehci_
irq 4 2 irq 58: 0 uhci_hcd:usb2

irqg 6: 5 floppy [2] irq 66: 872711 uhci_hcd:ush3, HDA I
irq 7: 2 irqg 74: 15 uhci hcd:usb4

irqg 8: 0 rtc irg 82: 178717720 0 PCI-MSI e
irg 9: 0 acpi irq169: 44352794 nvidia

irg 12: 3 irg233: 8209068 0 PCI-MSI L

D2TDBERAERTTDICE, —aFT2avaiBELTLEIW, -nN A7V aviig
ETDENBEEIBEREBFIELIICAYET  ZDFEIE. q&#lTETO
TS LERTTBIENTIET,

BETCIERBEARTTEALICHE>TWETA, -d ZIEE T2EE4KRTTD
FACRYZFT  EZE procinfo —dnb EANTBE . BRE S WRBEICEREDH>
TENRIINZET,
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2.7 N\—ROITTIER

2.7.1 PCI #&iR: Ispci

EE: PCI BEADTI/ERICOWT

AVEa2—49®D PCI EBREICTIVERATBICIE, ZLDARV—FT 4V T RTFT LT
root D1—HHERNNHETT,

lspci AYVRIEX PCI ERD—EAKRRLET:

mercury:” # Lspci

00:00.0 Host bridge: Intel Corporation 82845G/GL[Brookdale-G]/GE/PE ¥
DRAM Controller/Host-Hub Interface (rev 01)

00:01.0 PCI bridge: Intel Corporation 82845G/GL[Brookdale-G]/GE/PE ¥
Host-to-AGP Bridge (rev 01)

00:1d.0 USB Controller: Intel Corporation 82801DB/DBL/DBM ¥
(ICH4/ICH4-L/ICH4-M) USB UHCI Controller #1 (rev 01)

00:1d.1 USB Controller: Intel Corporation 82801DB/DBL/DBM ¥
(ICH4/ICH4-L/ICH4-M) USB UHCI Controller #2 (rev 01)

00:1d.2 USB Controller: Intel Corporation 82801DB/DBL/DBM ¥
(ICH4/ICH4-L/ICH4-M) USB UHCI Controller #3 (rev 01)

00:1d.7 USB Controller: Intel Corporation 82801DB/DBM ¥
(ICH4/ICH4-M) USB2 EHCI Controller (rev 01)

00:1e.0 PCI bridge: Intel Corporation 82801 PCI Bridge (rev 81)

00:1f.0 ISA bridge: Intel Corporation 82801DB/DBL (ICH4/ICH4-L) ¥
LPC Interface Bridge (rev 01)

00:1f.1 IDE interface: Intel Corporation 82801DB (ICH4) IDE ¥
Controller (rev 01)

00:1f.3 SMBus: Intel Corporation 82801DB/DBL/DBM (ICH4/ICH4-L/ICH4-M) ¥
SMBus Controller (rev 01)

00:1f.5 Multimedia audio controller: Intel Corporation 82801DB/DBL/DBM ¥
(ICH4/ICH4-L/ICH4-M) AC’ 97 Audio Controller (rev 01)

01:00.0 VGA compatible controller: Matrox Graphics, Inc. G400/G450 (rev 85)

02:08.0 Ethernet controller: Intel Corporation 82801DB PRO/100 VE (LOM) ¥
Ethernet Controller (rev 81)

VAT AV EFERTEE ISIEMAR—EARTTD IENTEET:

mercury:” # Lspci -v
[...]
00:03.0 Ethernet controller: Intel Corporation 82540EM Gigabit Ethernet ¥
Controller (rev 02)
Subsystem: Intel Corporation PRO/1000 MT Desktop Adapter
Flags: bus master, 66MHz, medium devsel, latency 64, IRQ 19
Memory at 0000000 (32-bit, non-prefetchable) [size=128K]

YATLERI—T1)T1
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I/0 ports at d010 [size=8]

Capabilities: [dc] Power Management version 2
Capabilities: [e4] PCI-X non-bridge device
Kernel driver in use: e1000

Kernel modules: 1000

FINA R DERRIT /usr/share/pci. ids 774 ILAEFIALT ﬁfdtibhiﬁ'o
ZDI77AIVARICHRT S PCIID &ZDEZFINEFEELARWVWES. [Unknown
devicel] (RRIDT /N R) ELTRERINET,

-w A FVavEFERTSE. TOTSLTEVWEDE AR 2 TORREH L

F9.F BRI TIERLKBUETER R IT WG EIX, n A FavaFRLTKE
Iy,

2.7.2 USB 57 /3( R: Isusb

lsush AYVRIFLTD USB TNNARAE—BERRLET, ~vATavEigETS
ECEBIELW—EBIRRINET, FELW—EIX /proc/bus/usb/ T1L UK
omAET AR >TWET, FEEIE USB /AT, USB XEY /N—KRF1 X
. XDADENETN USB BEHTEHRINTWSIZEDHITY,

mercury:/ #f Lsusb

Bus 004 Device 007: ID 0ea0:2168 Ours Technology, Inc. Transcend JetFlash ¥
2.0 / Astone USB Drive

Bus 004 Device 006: ID 04b4:6830 Cypress Semiconductor Corp. USB-2.0 IDE ¥
Adapter

Bus 004 Device 005: ID 05e3:0605 Genesys Logic, Inc.

Bus 004 Device 001: ID 0000:0000

Bus 003 Device 001: ID 0000:0000

Bus 002 Device 001: ID 0000:0000

Bus 001 Device 005: ID 046d:c012 Logitech, Inc. Optical Mouse

Bus 001 Device 001: ID 0000:0000

2.8 77MIVETPAIVI AT A

2.8.1 771 )\VEBDHI5!: file

fileavvRiE. fBELIEE— i?‘di%ﬁiﬂl@??’ﬂwl DWW, /usr/share/
misc/magic MOFMIAAL T—¥ATTICFEEAHIRILET,

tux@mercury:™> file /usr/bin/file
/usr/bin/file: ELF 64-bit LSB executable, x86-64, version 1 (SYSV), ¥
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for GNU/Linux 2.6.4, dynamically linked (uses shared libs), stripped

-f —E #IBETRE, BEZHBILZWIZMIILED—ENEINLT7(I%E
BETDHIEN TEEI Fh, -z 2HBET DL, file PEMI7MILADHIFZ
TROIEIICRYZET:
tux@mercury:~> file /usr/share/man/man1/file. 1.9z
/usr/share/man/man1/file.1.9z: gzip compressed data, from Unix, max compression
tux@mercury:~> file -z /usr/share/man/man1/file. 1.9z
/usr/share/man/man1/file.1.9z: troff or preprocessor input text ¥

(gzip compressed data, from Unix, max compression)

Ffo, -i ZIBET 2L MRDORKREETIFR MIME 917 OXFIERRLE
ER

tux@mercury:™> file -i /usr/share/misc/magic
/usr/share/misc/magic: text/plain charset=utf-8

2.8.2 771 IV AT LEFDEAE: mount,
df, du

mount ARV RIFZ. BEIXIVNRAVNMIEDT7AIL S RTFLDTIVRINTWS
MaRRLET:

tux@mercury: > mount

/dev/sda2 on / type ext4 (rw,acl,user xattr)

proc on /proc type proc (rw)

sysfs on /sys type sysfs (rw)

debugfs on /sys/kernel/debug type debugfs (rw)

devtmpfs on /dev type devtmpfs (rw, mode=0755)

tmpfs on /dev/shm type tmpfs (rw, mode=1777)

devpts on /dev/pts type devpts (rw, mode=0620, gid=5)
/dev/sda3 on /home type ext3 (rw)

securityfs on /sys/kernel/security type securityfs (rw)
fusectl on /sys/fs/fuse/connections type fusectl (rw)
gvfs-fuse-daemon on /home/tux/.gvfs type fuse.gvfs-fuse-daemon ¥
(rw, nosuid, nodev, user=tux)

7AWV AT LR TORERAEXRICEATIEREZF/LWVGEIL, df ZHFENES
WL, -h (F7zl3 ——human-readable) 7> avAiEETHE, —MRMIAI—HIC
EOTCKYmMART WA TRRTDIENTEET,

tux@mercury:™> df -h

Filesystem Size Used Avail Use% Mounted on
/dev/sda2 206G 5,96 136G 32% /

devtmpfs 1,66 236K 1,6G 1% /dev

tmpfs 1,66 668K 1,6G 1% /dev/shm
/dev/sda3 208G 40G 159G 20% /home
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FLBELETALINADI7AINE ZTDHTFTALINILLTIC $27714)
IKDWTHAXZHRTBICIE, du 2 ERALET, s AT VavaiRETHE 5
HMARER HAZEBWT NIA—SITIEELLEETLINIOEE YA XL T &
RRLET, 605 -h F72aVERETDIEN TERUK—KIARI—HIC
EOTHEAPT WK TRARTEIENTEET:

tux@mercury:™> du -sh /opt

192M /opt

2.8.3 ELF /M1 FVJICRTZEMERRT

INAFVI7AIVDRBEFZH-WIFEIL, readelf ZHFENEIN, 2DavY
RTIX D7 —FFT I FvREIFICERINT- ELF BERD 77 )L &G AENBIEE
ISSETR

tux@mercury:~> readelf --file-header /bin/ls

ELF Header:
Magic: 7f 45 4c 46 02 01 01 00 00 00 00 00 00 00 00 00
Class: ELF64
Data: 2’s complement, little endian
Version: 1 (current)
0S/ABI: UNIX - System V
ABI Version: 0
Type: EXEC (Executable file)
Machine: Advanced Micro Devices X86-64
Version: 0x1
Entry point address: 0x402540
Start of program headers: 64 (bytes into file)
Start of section headers: 95720 (bytes into file)
Flags: 0x0
Size of this header: 64 (bytes)
Size of program headers: 56 (bytes)
Number of program headers: 9
Size of section headers: 64 (bytes)
Number of section headers: 32

Section header string table index: 31

2.8.4 771 IVDERI: stat

stat AV REFATEE. 77MILDBMA RRTHIENTIXT:

tux@mercury:~> stat /etc/profile

File: “/etc/profile’

Size: 9662 Blocks: 24 10 Block: 4096 regular file
Device: 802h/2050d Inode: 132349 Links: 1
Access: (0644/-rw-r—--r—-) Uid: ( 0/ root) Gid: ( 0/ root)
Access: 2009-03-20 07:51:17.000000000 +0100
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Modify: 2009-01-08 19:21:14. 000000000 +0100
Change: 2009-03-18 12:55:31. 000000000 +0100

-—filesystem A7V avAIBETDEIBELLI7Z7IILD BBEINTWSET774
WORTLICETRERRERRLET:
tux@mercury:~> stat /etc/profile ——file-system
File: ”/etc/profile”
ID: d4fb76e70b4d1746 Namelen: 255 Type: ext2/ext3
Block size: 4096 Fundamental block size: 4096

Blocks: Total: 2581445 Free: 1717327 Available: 1586197
Inodes: Total: 655776 Free: 490312

2.9 1—HiER

2.9.1 A—Y D774 IV FIRER: fuser

EDTAERRI—YIBEEDI7MIICTIEALTWEDHI AFHEEE TENIEE
T &AL /mnt IOV NENT T7MIVD AT LDV N @R LT\ G
&, umount OT KA "device is busy." ELTIY IV MNEBBRTI LW EDHY

9., CDEHIRIGEIL, fuser ATV REFIALT, EDTOERADN T /NS A %F

FALTWADL %R THIENTEET:

tux@mercury:™> fuser -v /mnt/*

USER PID ACCESS COMMAND
/mnt/notes, txt tux 26597 f.... less

FEEOFITIHMDIHERMIS less TAOCRER T IEZE, 77MIVV AT LDT
DV NRBREITIRDZEDNTEDLIIRYET, b -k AT avEREETDE,
fuser (FZYETBI7MILICTIVEALTWSTOERIIH L, 7OEADKRT % 17
BOEIITRYET,

2.9.2 —YDRRETZ: w

waARYREMATZE VAT AICHELIOTIV LT WBOHE, TOI—HHA
ELTWADOMNAERRTDIENTEEY, 72EAUETTEDOLIITRYET:
tux@mercury: > w

14:58:43 up 1 day, 1:21, 2 users, load average: 0.00, 0.00, 0.00
USER TTY LOGIN@ IDLE JCPU  PCPU WHAT
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tux :0 12:25  ?xdm? 1:23  0.12s /bin/sh /usr/bin/startkde
root pts/4 14:13 0.00s 0.06s 0.00s w

DY RTFLDI—HFHER (VE—N) HS5AT1VLTWBIEGE., -f A ay
HIRETHE. EDAVEI—IDS A4V L TWBOIDRIRINDLIITHRY
Y,

2.10 HftEHRA

2.10.1 #Z:BFRFEDEH: time

time 1—F4)T1%FAHTREFEEL-OV U RE 2T TERITSEEIN
BERRTDIEDNTEET . CDI—T14) T4 PTILORBHRETIRHIEINT
WBIEHD. AT S LA (Jusr/bin/time) ELTEHRMINTVET,

tux@mercury:™> time find . > /dev/null

real 0m4. 051s@
user 0m0. 0425
sys 0m0. 205s©

0 IVUVREEFHLTHLKRT TIETICHI>AEEROBEAERLTVWET,

® times YRATFTAID—ILTHREINLET, 2—HRIDWIEICHH o7z CPU
BEFEARLTVWET,

© times YRAFTAIDA—ILTHREINLIET, YATLBIDUNEICHD o7 CPU
BEFEARLTVWET,

2.11 57— D4 574t: RRDtool

COHEFUTIZEHA AT — DB E<HFELTVET L EXILREDELY
BEVNDAVELI—IDRYNTI—IA VI —TIAADNERE LT —YERE B
HYEY, RRDtool TIEEDLIBT—I%REL. AWRIVAXARERRT ST &L
TREILTBIENTEIT,

RRDtool 1£% <D UNIX 7Sy R T74—L% Linux T4RANJE2a—23avil €%h
TWET . HEHBBA openSUSE® TEHEREBRTY, YaST o 1V AM—ILEITIRD
D root ICARD/IREET, FEEDLOARIAY YR SAVAEADNLTAIV AN —=ILLT
FEIW,

AT LDEFI—=VTHAR



zypper install rrdtool

(g

ZhZHh RRDtool IZIE Perl, Python, Ruby, PHP D& /N1 VT4V h1F7E
LTWET CNICKYBFEREEBTCERADRIY T NaERTHIED TX
ij_o

2.11.1 RRDtool O

RRDtool I& Round Robin Database tool (77 ROEY ({BIR) BT —4R—
2Y—)l) DB T —EEDT —YERYRIHDHEATY, T—917IC
IRFYERDYEFEELLRVWSORBEREDO NV I72ERALTT —9% SiAHAH
FI.INEZU7/ROEYT—INR—REMATUVET,

LD EHY. RRDtool [FEFENIRB T ETEICEILTDEIRT—F%ERILD
HREIIN TV BREMICIZ—ERRTT —% (REVREERE) 25HAIT54L
I U —ERELTWC DT —9%=—EDERNTH AT BEKEHITAR>TWL
F9., 2DEHT—9ThHhNiE RRDtool AEFICFIATE HEEYVOE %
ER T HZENTEET,

BILE > TEEFMD O—EMRTHEIRTERVNSIRT—YEHYET, &
@J:’)fd»i% & RRDtool IC5 ZZRIICERIOUIENNET, £HICL>TIE
RRDtool Z#F B CENMEI B RITNIERSRWEEEHYET,

TE2TIX RRDtool OEXRB A FEWNAZRLTWET, —i&BY7% RRDtool DYEZ
THDT—IR—AD 1tk EEHAEICED BE . BLUOHE DD HE = FhEFh
TR>TWEY,

2.11.2 V712561

ZZ T, Linux YATAICB I AEVERZICOVWTEHRBICEZE{LZIEL
THEITIHEHEAFEEBEL-WGEEREELEF T, LYFELLELE, ZZDAHITIE
FORETODEXIATYES 4 DHXIC 40 WEERLTWET, ZOHAIA, X
BEOVRATLATYAEFEHATZTOVSLA 3 DIFERESLICKRTLTVET,
BRMICIE Firefox Web 759H& Evolution EFX—ILISAT VM LT
Eclipse R 7L —LT—9TY,

YATLERI—T1)T1
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2.11.2.1 =9 DL

RRDtool (R hT—=I 857497 DEHAP AR ZITAIIGRICELFIA Sh
TWET, ZDEHRHEIL Simple Network Management Protocol (SNMP)
ERRALTITARAVEYT. COTARINLTIEENRTNRORYNT—IF /RA R X
LTAREAIVIDEEBWEDEZIENTES%H, RRDtool #FIFHLT Z
NODEEREFETDIIENTIET, SNMP ICDWTEELLIX http://www. net-
snmp. org/ ZHBFHALIEEI N,

SEDHIELEEREIEERY, T—YEFHTHENIDILELHYET, FELICHD
free mem. sh TRV TIDAE)DEEIREICDOWVWT IRIEDIRREE A,
EAEBADICESIADEEAITRVET,

tux@mercury:~> cat free mem, sh
INTERVAL=4
for steps in {1..10}
do
DATE="date +%s”
FREEMEM="free -b | grep "Mem” | awk ' { print $4 }'°
sleep $INTERVAL
echo "rrdtool update free mem.rrd $DATE:$FREEMEM”

done

ZER

o BEEERED 4 IREINTOWET A, INiT sleep AV RTRIELTWE
ERS

* RRDtool (IR EXNTHRRIBRER TANE Y BERBICIE Unix 752 &
MENBEDT, 1970 F 1 B 1 B OFRK 00:00 Mo>D#F @M ERHLT
WBEDTY &z E 1272907114 1 2010-05-03 17:18:34 ZEBKL T
W&,

s XEYDEEXREIBRIE free -b ZFATEIIETNNANEMTREINET,
CITRFANAMMDED R BEENRBATIIARL NI NBERI TIERREZR
BLTWEY,

« echo ... DARVRITIZ. T—IR—2T71)L (free_mem. rrd) NEEINT
WT, ZZH5 RRDtool DTF—IR—REBEHIBHDIATV VY RSAUHED
hTWEY,

free_mem, sh #1793 5&, FEDLIBHANEHLNFET:

tux@mercury:~> sh free mem. sh
rrdtool update free mem. rrd 1272974835:1182994432

AT LDEFI—=VTHAR
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rrdtool update free mem.rrd 1272974839:1162817536
rrdtool update free mem. rrd 1272974843:1096269824
rrdtool update free_mem.rrd 1272974847:1034219520
rrdtool update free mem.rrd 1272974851:909438976
rrdtool update free mem. rrd 1272974855:832454656
rrdtool update free mem.rrd 1272974859:829120512
rrdtool update free mem.rrd 1272974863:1180377088
rrdtool update free mem.rrd 1272974867:1179369472
rrdtool update free mem.rrd 1272974871:1181806592

CDHEAET7AIVICERE L THLDIMEFI T, FEEDLIICLTITRWET,

sh free mem.sh > free mem updates. log

2.11.2.2 F—9_R—2DIERL

SEONRETHEDS I ROE Y TF—IR—REERKTBICIE, FigDaT VR
EAALETY:

rrdtool create free mem.rrd --start 1272974834 --step=4 ¥
DS:memory:GAUGE:600:U:U RRA:AVERAGE:0.5:1:24

ZEm

ZDARVRIL free_mem. rrd EWDRZFID 77 IV EERLET . ZDT7AIL
iXSHvraEY (BR) BOTF—IR—R T 5HIMEARET3HOICERT
35DTY,

——start 73V Tl T—IR—RIZBIMINDZT—YD 5, A D
% Unix BEIFRTIEELTWE T, ZOHITIE, free mem. sh DRFDE
(1272974835) LUE/NIWMEE BRELTWET,

--step T T —IR—RUIH L TT -9 %iRH T 2[R 2 BRATHEELT
W&,

DS:memory:GAUGE:600:U:U DERDET —FR—RAD 7—4HY—RA&EIFELTL
9., memory EWNVIRTT gauge EWDILTDEDT, 2 DDEHDHER
fEfRlk 600 MICERELTWETGHRBED =/ & X IFENETNRADIE
(U) ICEEELTWET,

RRA:AVERAGE:0.5:1:24 (35V Y FAEY7—H47 (RRA) ZEH T H5ED T,
#me#EE (CF) ZFALT T—9RAV D FifE 5B L REETRVE
I, MAWBED 3 DD/ATA—HIE AT DYIBIMLET,

VATLERI—T 1) T4
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fAHE TS—AyvE—IUDRRINAITNIE. ALV RTFALIRM)IC free_mem. rrd
TF—=HIR—=ZAHDERINTWET:

tux@mercury:™> ls -1 free mem. rrd
-rw-r--r—— 1 tux users 776 May 5 12:50 free mem. rrd

2.11.2.3 F—IR—2ADEDEH

T—IN—REERLTD, HEFEHT—9EEZALEZETT, 2.11.2.118
[F—YDINE | (44 R—) TIXBEEIC rrdtool update AV RAEETT B/
HDT7A)L free mem updates. log ZAEBELTHZDT, IThH5DITY R%EF]
BHALTT—9R—ADEEEFHITHIENTEET,

tux@mercury:~> sh free mem updates. log; ls -l free mem. rrd
-rw-r--r-— 1 tux users 776 May 5 13:29 free_mem. rrd

LEDESBY, free mem. rrd DY A XIEEFHEIET BLTBIEIIHYERA,

2.11.2.4 BHAHEDORK

BEHELTT —IN—REEHML. GHIMEZRE LS. EDT —IN—R% F
RALTTF—9ZMYH LAY RRLEYTBIEDNTEDLIICRYIET,

TINR—ZANOHETOEZRYHE T I, FEENIAY Y REANLETY:

tux@mercury:~> rrdtool fetch free mem,rrd AVERAGE --start 1272974830 ¥
--end 1272974871

memory
1272974832: nan
1272974836: 1.1729059840e+09
1272974840: 1,1461806080e+09
1272974844 1.0807572480e+09
1272974848: 1.0030243840e+09
1272974852: 8.9019289600e+08
1272974856: 8.3162112000e+08
1272974860: 9.1693465600e+08
1272974864: 1,1801251840e+09
1272974868: 1.1799787520e+09
1272974872: nan

ZEm

o AVERAGE (37— R—ZAMNSEEELERYHT /20D F—T7—KR T, IhiE
F—4Y)—2% AVERAGE 1 DLAERLTWAW (2.11.2.218 [F—HR—2D
ER] (45 R—)) 1= T, TDMDOHEEEISFIBETEZEE A,

AT LDEFI—=VTHAR



« HAD 1 FEICET—9YV—ADEZRINHEAINTWET . CNiF 2.11.2.218
[F—HR—ZDIER] (45 R—) THRELELZEDTY,

« SIOERICIEENETNERI DRV MIBIFBERINRTINTVWET, A
ISR ERE TOEHAMEDFEIARTZINTVET,

« EDITICHS nan [L Tnot a number] (BUETIERWVWED) DEKTYT T —
IDRFEELRBRWGEREICHAINET,

HERT—IN—ARICHBEEFALTI 7RI HIENTELY:

tux@mercury:™> rrdtool graph free mem.png ¥
--start 1272974830 ¥

--end 1272974871 ¥

--step=4 ¥

DEF:free memory=free mem, rrd:memory:AVERAGE ¥
LINE2:free_memoryf#{FF0000 ¥

—-vertical-label "GB” ¥

—-title "Free System Memory in Time” ¥

--zoom 1.5 ¥

—-x-grid SECOND:1:SECOND:4:SECOND:10:0:%X

2R

« free_mem. png (IVERTZTZ7DT74IE AIBELTVWET,

o —-start & ——end [EVZT7HIC FBETNIEFEBMEAZIBEELTVET,

« —-step XU ST7DFEBEREMEMTIEELTVWET,

« DEF:... DEBD L free_memory DT —HEHE TS . T—HId free_mem. rrd
774 DOFRAHFAHEITIRN, memory EWVDBRIZRE LET . /e,
average (E¥ME) Z5tELTHEALEY, Thidk, 2.11.2.218 [T—4HR—2
DYERK] (45 R—) TERELEZ &BY. TNLUADEAEZRL TW AW
HTY,

« LINE... OERIFTZT7RICHEETIEOBMEEZERELT WET, 2E L
W& T free_memory TEZLL T—9%FEAL. FETHBELET,

« ——vertical-label TIE y #HIC RANTHIINNZBELTVWET F, —-
title TIX /S72EKICRHTEISNIL (DFYVIML) AIELTVWET,

o ——zoom T STDILAREAELELTVWET , ZDEIF FOLYKZIWMETARITN
Y FEEA,

YATLERI—T1)T1
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o ——x-grid TIETSTRICBITBT )y RIBRESNIILDOE AEEIEELTWE
T DB TIE 4 WTEITYYRIBEEALTVET, SIRILIEE Ty RIRIC
WLTI0MTEICERBLTWET,

B 22 RRDtool TELEDZZH)

Free System Memory in Time
1.2 6

1.16

1.06

GB

0.9G

0.8 G+ »
14:07:10 14:07:20 14:07:30 14:07:40 14:07:50

2.11.3 XIS 31EH

RRDtool IZIE#Z< DY T ATV REATVYRSA VAT av A EEL . IERBICE
MY — VIS TVWET, INODIEDWNKDNIIERLYTVWEDTTH, B
BT U P F TR 2T EAITADICE, Z& 2#LATNILBE TXZ

A,

EHARHRER T EIRELTWS RRDtool ¥ =27 )LX— (man 1 rrdtool)
A2, RRDtool homepage [http://oss. oetiker.ch/rrdtool/] (3258) ICD
WTEBHAIRDIEESEIDOLET, ZTUITIE rrdtool DFEMA XE [http://
oss.oetiker.ch/rrdtool/doc/index. en. html] MEHMNTWT,. ATV REHT
ATV ROETHAUREFRINTWET, F7z, —fikBI%4 RRDtool DIEEFIR%ZRL
TW3 Fa—K)7JL [http://oss.oetiker.ch/rrdtool/tut/index. en. html]
LHEEOHTT,

Tl RYRNT—V NS T4y I DEERRETIRWZWEE X, MRTG [http://
oss.oetiker.ch/mrtg/] (REE) BB FHALZIV, DY —)LIE Multi Router
Traffic Grapher DR T, XY MNT—I T /NARIIHTD ETOIFERRET S
76922 EHNTES RRDtool LWEFEWLPTWNY—ILTT,

AT LDEFI—=VTHAR
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Nagios ZF A LB

Nagios IERZELTW TR —SEYTAICBAL  ILREDEWVWIVY—T54X
ARORYNT—Y /AT LERY—ILTT BEHZISTLTRYNT—IEVR
T LD BELIEHEEAIRH L, HTTP, SMTP, POP3 DIEH, T4 RV ERAELTO
LYY DERRE 2ERTZIENTEET . £&HE Nagios (& Linux ETEME
THEIITREETINT THLLD, —MBIQ UNIX ARV —FT AV TV AT LTH
FELEF T, ZDOETIE. Nagios DAVAM—ILEREFRICDOWTEHBALTWE
9, Nagios DTATVTIMI DWT, FELLIL http://www, nagios. org/ ZHFH
IRV,

3.1 Nagios DH88E

Nagios D EFERBEEEIT TEEDESYTY:

o« RYNT—=OH—EZXDEER (SMTP, POP3, SMTP, NNTP 72&)

- RANEROER (FOEyH D&, TARAVFERRRY)

s SVTWRTZTAVKEEILED, IS —ERF Ty VBREDIEN
« TREM®D Nagios H—/N\~DF

3.2 Nagios D1V A=V

Nagios (& zypper Y RE /=l YaST TA1VAM—=J)LLET,

Nagios Z#I A L 7=B51R
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http://www.nagios.org/

9T = DAV ARV AERTROVWThh EEHmA<EEIN:

o I8 lzypper DFER] (BIE IV R 12 Y—NEFIFLIEY 7P TEE,
T R9—K7v7)

o IB [y —I0RI—2 DAV AN=ILEHIR] (B5E VI, T D1 X
r—ILEBR, Y ZA9—RT YD)

WIFNDOFIETE. nagios & nagios—www D/ —I%FNEFN AV AR—=ILL
TLEZW, %ED RPM /34— |13 Nagios (9% Web 19 —Tx14R
NEFNTVWTC FEATT—ERDRECEBOEREMRE R Web IRHETHEY
BIEHDNTEFT RBB.BED/NNYT—JIMBEEVNIDITITIE HYFEHA.

Nagios IFEY2— )L M AT EEREHIR>TWSED, FvI TS5 710 % B
TBRIET.BEDHY—EANFABAITRENE I EFARNBIENTEZEY, nagios-
plugin Rur—ITlE ZDEIBREEEVD TSTAVDBIEFINTOETD
TAVAN=ILTELZEZBEOLET, EE2AMBOFvITSTA4 %
KIBZEHETEEY,

3.3 Nagios DEE 77

Nagios ICI&, FEEDLDIWEET7IILHHYET:

/etc/nagios/nagios. cfg
Nagios DIRB D DR E T 7ML T, Nagios DEIMEARET HETE
D TFALITATHBEINTOET FLWXEICDOWTIE, http://
nagios. sourceforge. net/docs/3 0/configmain. html ZHFHMALTEILY,

/etc/nagios/resource. cfg
FARTD Nagios TZTANITTB/NR%EEBRLET (BEETIL /usr/Lib/
nagios/plugins A EHNNTWVEY),

/etc/nagios/command. cfg
HY—EZAD M BEHENEIDEHIMTEHODTOTSLERY. EFXA—I
ICEBBEHEEETR-HOOOAYVREZHELRLET,

/etc/nagios/cgi.cfg
Nagios Web 1249 —J7 A ABEEDA T avaGLdk LET,
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/etc/nagios/objects/
FTVTIONERI7ANEELTALIN) T 33 LT 33 1B A7V )
REZFTZ7AIL] (51 R—D) HEFHHLIEILY,

3.3.1 ATV MNEB I

ERDEIREZET7AIVICINZ, Nagios TIIIEFBICEHRTERERNRITAX
D TEDB, ST TIOPNEFZE 771/ ERIENBERET7AIVD BEELET . IND
DBEIT7ANTIEITRDIIGAT VT INEERTDIIEN TXBH. FEHEIC
BELEFEEELR>TVWET:

. RZN
- H—E2
- B

FTOTIMIB IR TEDLDICA>TWABIENS, LYFEERIC W TED
IO TWET 21X 1 DD —EREITHPEELTWD FRRAMNEEELT
WBIBEERBELTAHATLEIVW, BLURAMIMLTRID y—EREA VA M—IL
L. ZFDOH—ERIIDWTEERAETRVEWES, HILWEIDOY—ERAEAT
JIHORELTEML. FNERANA TV IM EIY Y THIE, BEIRFEREMIT
BTERLH LW —EREZEEBTEDLIIC RYET,

AV A= &> TUWNIK, Nagios TIEAT VTV NEBDERET 7 ILIC D
W BEDT YT L—MRESINE T, T FL—ME /etc/nagios/objects
RICEIELTVWET DT, FREDEIITHEANY—E R EREEEINTRIED
ISSEER

A 3.1 FINFTZTorDESE

define host {

name SRV1

host name SRV1

address 192.168.0. 1
use generic-host
check period 24x7
check_interval 5

retry interval 1

max_check attempts 10

notification_period workhours
notification_interval 120
notification options d,u,r

Nagios Z#I A L 7=B51R
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host_name # 7> 3>V Tld. ARAMITTREMIFD RRBEBELTVWET X
7 address (CIE. 2D RARD IP PRLREIBEELTWET, use AF—h XY

N TlE. generic-host EWD EDM DR EEA AT DIBED EHh TV
F9,I5IC check period Tld, 24x7 (24 B 7 B, DFYEPEIK) TELE
TBHIEAEIBELTWET, £/, check interval Tl 5 9REIRTEHR T2 %
ENEHNNTVBIEH. retry interval TiEk BRITOBERD 1 2BERTH
BTEHEIELTWET, £/, Nagios Tld EYMI R TIAN2/cFv)
ISR LT EBREIOBRTEITAVEY, BRTORHAIEEITIEBELT,
max_check attempts T4L VT4 7 HBAEINTWET, F/. notification T
TRFEBTRTDERETSYIE. Nagios HEERTRDO Y —ERICEEAIREL

e BBICEDEIRNBATROIREINEIELE T, LEEDKANERTIE,
Nagios [ H P DEEFICEEEICH L TOAHBHNEITRVEY  BEETD RE
l& notification period T{T/AWXY, £/ notification interval ICLBE,
BRI 2 BRI EICEEINE T, IS notification options Tld, 4 7&%E
D737 d, u, r, nERETE IENTEFYT, IITIEEEZEICHLTEDLD
RBHAETEIONEIEELET, d I —EZXDEELTULAL (down) REEH,
ulERY NI — R B TRERBE/IREE (unreachable) . ZLT r 12 ZRODIREE
MHoDEIR (recoveries) ICDWT, TNEN BHEITRILDICIBELET . 2
B, n L BRAELATRDLRVWEIICTEI5ITY,

32 V—EXFTZIOPDESE

define service {

use generic-service

host name SRV1

service description PING

contact groups router-admins

check command check ping!100.0,20%!500. 0, 60%

}

BUDERET1LYT17TH5 use TlE, Nagios ICR LT generic-service @
TUTL—IDS BFREEBIZHMCIIITIBELTWETJRD host_name (& —E
2AEBYYTEREDRANA TV VM EIRELTVWET  RAN BIADREIL, K
ANAT Oz OPELTERELTLEIW, /., service description TlEH—E
AU I BN % FRETDIENTEEY, LECDOBITIEEHIC PING &721F &
PN TWET, contact groups £ 7 2avTld, Y—EZAHNEELTULWARWES
DB ERDTIN—TERELET . I —TE TOHRDAVN—E EB TS
BRI IN—TFTOOMTHRELE T, &RERIC check command Tldk, TDH—
EXHDFIE TRENEIIEARDTOVSLEZRELET,

P33 EFLLEERLETN—TDESE

define contact {
contact name admins

AT LDEFI—=VTHAR



use generic-contact
alias Nagios Admin
email nagios@Llocalhost

}

define contactgroup {

contactgroup name router—-admins
alias Administrators
members admins

}

LEEDHITIE, contact ZFIF L/ BEZEGERE REE. ThE2EETS
contactgroup IC&? EI&REVIIL—TERLTWET, contact TlE, H—ERH
FMATEAWEAICHIBATZEFXA—ILTRLRE. ZD1—HD ZMERELE
T.BE.CEEBEXEFOBEELRELET, use TlE. generic-contact &L
DB CEREIN BIEEAF| S IEAEBELTVET,

Nagios DIRTDAT I IMIDWT FLLITTREBFEHLEIL: http://
nagios. sourceforge.net/docs/3 0/objectdefinitions.html.

3.4 Nagios DE&E

DE—MDH—ERPVE—PNRAMNDERRLRE HRARIBEZERTBICHIOT
@ Nagios D EH E=eALET,

3.4.1 Nagios ZflHL)E—MF—EXDEE
5

ZDETIL, Nagios ZFIHLT)E—MDY—EREERTH/-HD HixERL
TWET, EEMICIETTEOLIICLTERLTLIEIL:

FHMF 3.1 Nagios EFIFLIEYE—,D HTTP —EIDERE

1 mkdir A< R&EFEBL. /etc/nagios/objects RICTFAL IR EERRLET,
ERR S 2T1LIVN)BIZEEDEZRITHEVNEE A,

2 /etc/nagios/nagios. conf 771V AFHE, RO TERLTEW T 1
LYK% cfg dir GRETALYM)) RICRELET,

3 XUDERFBETERLIEERETALIZMICBEHL. TNETNFHLWL 771V %E
B LZEd: hosts. cfg, services. cfg, contacts. cfg

Nagios Z#I A L 7=B51R
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4 hosts.cfg Z7MIVRICRANAT SO A SBRLET:

define host {

name host. name. com
host name host. name. com
address 192,168.0.1
use generic-host
check period 24x7
check_interval 5

retry interval 1
max_check_attempts 10

contact groups admins

notification interval 60
notification options d,u,r

5 services.cfg RICH—ERATV oM % Bk LFT:

define service {

use generic-service
host_name host. name. com
service description HTTP

contact groups router-admins
check command check http

}

6 contacts.cfg RIGERES I VOERL I —TH TV I N B LET:

define contact {

contact name max-mustermann

use generic-contact

alias Webserver Administrator
emai l mmustermann@localhost

}

define contactgroup {

contactgroup name admins

alias Administrators

members max-mustermann

}

7 rcnagios restart #34TL. Nagios #BREELZET,

8 cat /var/log/nagios/nagios. log ZE{TL. FEeD SORE DI HBE%
ERLET:
[1242115343] Nagios 3.0.6 starting... (PID=10915)

[1242115343] Local time is Tue May 12 10:02:23 CEST 2009
[1242115343] LOG VERSION: 2.0
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[1242115343] Finished daemonizing... (New PID=10916)

BAEDVE—M—EREEBRLEWVGEIZ. ATYT 5 (54 R—V) DRATY
7T check_command MIEE %A LEYT ., FIRAIERTRTOFvI7OTS
LIZDWT, —BARERTBICIE, Is /usr/lib/nagios/plugins/check * A3
1ITLTLEIW,

ASHIDIS—DRELHZEIF. 3.5 M TIVva—Fa1v
71 (57 R—) aBHEMEIN,

3.4.2 Nagios 2fIA L7V E— M RRAMDEIR
BE1R

ZDETIL, Nagios ZFIFHLT)E—MNRRANDERAERTH/-HDFIE% 5t
BALTWET,

Nagios H—/N\ ECTROFIEZERLET:
FM 32 Nagios #FIFLIEYE—PFIPDEFREY (V—/Y)

1 nagios-nsca /Xy —I% AV AM—)LLET (7=& A zypper in nagios-
nsca 72&) .

2 /etc/nagios/nagios.cfg 77MILAAT, FiEDERESE 1THWVET:

check_external_commands=1

accept passive service checks=1

accept passive host checks=1

command file=/var/spool/nagios/nagios. cmd

3 /etc/nagios/nsca.conf 774 )LD command file A7/ avIicDWT, /
etc/nagios/nagios. conf EEIL771ILEIEELET,

4 DRANPY—ERDAT VI EMLET:

define host {

name foobar

host name foobar
address 10.10.4.234
use generic-host
check period 24x7

check _interval 0

retry interval 1
max check attempts 1
active checks enabled 0

Nagios Z#I A L 7=B51R
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passive checks enabled 1

contact groups router-admins
notification interval 60
notification options d,u,r

}
define service {

use generic-service
host name foobar
service description diskcheck
active checks enabled 0

passive checks enabled 1

contact groups router-admins
check command check ping

}

B rcnagios restart & rensca restart AV REZFNEFNETLET,

BERNRDIZAT7MUTIE, FTEEDOFIEZERLEFT:
FM 3.3 Nagios ZFIFLEYE—PIIFDERER (2F1T>F)

1 ERNR (BEREZT5) DRAMIFFLT, nagios-nsca-—client /Xwi—2
% 477\ I\_}l/ Li?_o

2 FROLILT TANEIDRIY MR LES (EXETARID
EEFTYITBRIITMRE):
#1/bin/bash

NAGIOS SERVER=10.10.4.166
THIS HOST=foobar

CZICHBOTRANTILITY A LERBRLET

= T T

I RINBFICEITTSED:
echo "$THIS HOST;diskcheck;0;0K: test ok” ¥
| send nsca -H $NAGIOS SERVER -p 5667 -c /etc/nagios/send nsca.cfg -d ”;”

I BERICEITT 20!
echo "$THIS HOST;diskcheck;1;Warning: test warning” ¥
| send nsca -H $NAGIOS SERVER -p 5667 -c /etc/nagios/send nsca.cfg -d ”;”

# RBFICRITT B2ED:

echo ”"$THIS HOST;diskcheck;2;CRITICAL: test critical” ¥
| send nsca -H $NAGIOS SERVER -p 5667 -c /etc/nagios/send nsca.cfg -d ”;”

3 HeEld crontab —e AV REFIALT LW cron BEBZEMLET . EA
IETREBDEIICRYET:

AT LDEFI—=VTHAR



/5 % % % x /directory/to/check/program/check diskusage

3.5  MTNYa—FT1 T

Error: ABC 'XYZ’ specified in ... ’...” is not defined anywhere!
TARTCDATVIMELLEREINTWBIEFERLTLIEIN, FA. R
RIVIRITIFFE LTI,

(Return code of 127 is out of bounds - plugin may be missing)
nagios-plugins /Ny —I D AV A= INTVWBENEINERRL TLEX
(A

BFA—IICEBBRDEELARWN

postfix X exim RED A—JLH—NHPLVZAM—=ILEINTWT EELSGRES
NTWBENEILE FERL TKEIW, A= L =D IELEIELTWSBHE

IDVEFEERT BICIL, echo "Mail Server Test!” | mail foo@bar.com MD&
N AHALET, ZDOATYRIE foo@bar.com FBICX—ILEEELFT . ZD

A= ELLLEEINNIEL BEVDOA=IL Y —/NIZREELEELTWS

ZEIRYZET, BEINRWGEIE A=Y —0O7 771 L EREELT

/<t AN

3.6 IS BER

Nagios DEERRFaAAVT—3Y
http://nagios. sourceforge. net/docs/3 0/toc. html

FTIVTINREDHE
http://nagios. sourceforge. net/docs/3 0/configobject. html

FTITIMDERIIDOVT
http://nagios. sourceforge. net/docs/3 0/objectdefinitions. html

Nagios D 7S 1>
http://nagios. sourceforge. net/docs/3 0/plugins. html

Nagios Z#I A L 7=B51R
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SRATFLATI77MIVDDTEE
I

SRFAQT T7AINDDMEEIE. VAT LEDRTBICHI->TRLEER £
2DHIYEMD 1 DT EZR. VRTF LAY I77MIVDOITEEIE. AT LD AT
F Y ARNSTIVERIT AT RO, AP > TE I RIThIER S EE T,
openSUSE TlE. Y ATALATHRELLZBOERICOVWTIEIFTRNTO #Fillx
BEIMICESKT DL TWET EBE. Y RATLAOQT 771IVIEERS TFR
MERDI7MIVICEERIND D, TT19PR—Iv AR E%F AL TEHEICEE
TBRIENTEET NIRRT EDSENEBTEDLHAICHR>T WT,
ABXTI1IIITBEEBBRIITRIIENTEEY,

4.1 /var/log/ RICHD AT LATI77
1)

AT LT 774V 6T /var/log TALIRNJLLTFIC EBEINE T, FEED
KT BEEDFIETIYV A= %EITR27BEIC openSUSE N SIRHEIN S,
ITRTCDVATLOT 771IICETEHEEZRLTVWET, BEVDII VDA
VAM—IILEREICLDTIE, /var/log T4L 2V MN)RIC, CZTIEERBA L TLVR LM
DY —ERPTT)r—3vhsd A FEIETZaEHYET . /2. Fid T
AL TWB 7710 T 1LV MIE. BEETRT7 ) r—oav MV AR—=ILE
NTWBIBEICOMEBRINDG [FL—RARIY | HRLTWEEEEHYET
72 %<D O 774U root THWEEETEXIHA,

acpid
ACPI (Advanced Configuration and Power Interface) DA N> he1—H
AR—=ZBDO TS LSBT ST —E>., acpid (acpid) AT 0O

AT LOATI7MIVDDEEIE
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774J)L TY, acpid Tl&. STDOUT %> STDERR &[E#kIC. TR TOEMEADOY
T71IVICEEERLE T,

apparmor
AppArmor DAY 774ILTY, AppArmor ICDWT, FELCIK 73—
b TAppArmor ZFIFA L7Z#EFIFIRR] (T EF2UTA4HMR) ZHFHA<ES
LY,

audit
BEEIL—LT—INRHEITZOTT771ILTY,

boot. msg
AT LDEFNIEFOOV 77MILTT . ZDIT7AIVICIE, h—XILD A
LB D Xy E—T DIFED, EENNIBEHICRITIN B RV TN B
BINEH—EADLD XAy E—IU DN TRTCEHINTUWET,

BHEVDN—RIITHIELHEIEINTOENEI DL, TRTOY—ER
DN ELSEEBTETWANE DN R T BICIE. COT7MIVEBFHEH X
L

boot. omsg
SRATFLDIvY NI I IBEED Ay E—I TV T, 2D T7AIVICIE,
BIEDVvyy N OUPEBEH THAIN . IRTOAYE—IUDEHINT
WEd,

ConsoleKit/*
ConsoleKit ¥—EY (A—HDOJ/AVDIFEHN,. AVE2—9EEDLIICFIA
LE=DObd%ET2 T—FY) OAY 774V T,

cups/
cups (common UNIX printing system) (cups) A58k 9 57/ AO07&T
S—O7BMREINET,

faillog
TRTCOOATAVEKREBERERFZT DT —IR—RAT7MIVTT, TDT7AI
HZEIETBICIE, faillog AV R%E BFEWIEIW,EELIE man 8 faillog
EBHMALLEIN,

firewall
T7AT A —ILOAT 7714V TY,

gdm/*
GNOME T4 R T LAY x—vDAT 774V TT,

AT LDEFI—=VTHAR



krbb
Kerberos %y N7 —93R58f AT LDAT 774V TY,

last log
lastlog 77/ ILIE E1—HDREROTAVERHETEIT —IR—R T,
D771V ERETBICIE, lastlog ATV RE BEVLEIL, LI man
8 lastlog Z#HFEALLEIW,

localmessages
DHCP 7547 kAT HE BRI TIDSDAvE—U D EBiFIh b
Ay 774V TCY,

mai Lk
A—)LH—/X (postfix, sendmail) DAY I77(ILTY,

messages
TRTDA—RIAYVE—UR VAT LAY E—U DG INS BED OF
T7AI T ASHDOBEBEIRELIIFES., /var/log/warn EEEICRHIC
FELTHEREOVI7M1ILTY,

NetworkManager
NetworkManager @047 774JLTY,

news/*
news 4 —/SOOY 774 TT,

ntp
NTP (Network Time Protocol) 7—E (ntpd) @O 774V T,

pk_backend zypp
PackageKit (& Libzypp /Sy TVR) @OY 774V TY,

puppet/*
T—Yt5—BENIELY—ILTHS puppet DAY T77(ILTY,

samba/*
Windows SMB/CIFS 774 )L % —/ST#H3 samba @AY 774V TT,

SaX. log
SaX2 (SUSE advanced X11 configuration tool) @AY 771)LTY,

scpm
SCPM (system configuration profile management) (scpm) DO 771 )L
<Y,

AT LOATI7MIVDDEEIE
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warn
TRTCDVATLEEEIS—NREHINZO07 771V TY, LM DRIE
MNFEELKIES. /var/log/messages EEEICRAICHERLTHEREOY
774 TY,

wtmp
ITRTOOATAY /AT TIRSVLRILDZER, 8L E—NMEHOEIE
BRI DBT —IR—RAT7AIL T ZDI7MIEFETHICIE, last OV
VRAEBFEVLIEIWVFELLIE man 1 last ABFFEMALTEILY,

xinetd. log
xinetd (extended Internet services daemon) (xinetd) DAY 771 J)L T
ER

Xorg. 0. Llog
X OEEEDOT 771 TY, X DEENKRTEZLORIGE. D771
T BmALEIVN ThEThEWOT 771)LIE Xorg.7.log ELTIREINE
ER

YaST2/%
ITARTD YaST AV 771 DREINDT AL YN T,

zypp/*
Libzypp AT 774 LD REINBETALIKN)TT , INSDT771ILEFI
TBIET, N\ —VDAVAN— IV BREWERTHIENTEET,

zypper. log
ARYRSAVAVRAN—=5THS zypper O AT T7(ILTT,

4.2 O 7714V OBEKRESH

A7 774 BFEVNDTFRANTT (I THRKEIITHRETRIENTEEY, 7
NLUAAICE, YaST O hA—ILEVI—DS DM > S X707 51EIRTD
&. /var/log/messages A ETHIENTEXET,

TERANAVY—IHTAT 771V =FETDIHEIE. less ¥ more ZFIFHTS
DMEH T, CNLUAICE, head ® tail #FIBETZIET. OY 77(ILDEEE
PRBERTITDIEDNTEFT , OV I77MILIEREIND RBE) T ILIAAIC
BETDIIE., tail -f #BFNEIN, INEDY—ILICDWTOFEMIK, &<
ZaT7IR=T% BEAHALTEIN,

AT LDEFI—=VTHAR



e AT I7MIVATYFI P ERRRICEDRBETRVWGEIE grep &
FMALET . OV 771 ZBBRICAELY, ESHALYLIEVGEI, ank
HMEFITLED,

4.3 logrotate ZFIALOY 771V D
=F

/var/log T4L VM) RICESHRINZO7 771)LIE BLEBEINSH, M50
IBICEKIELTLEILIRIEN L HYET, logrotate AV RIFZFD LA
BERAROV 774V % IBTEY—ILT.IN6DI77MILDEEBEZRZICLEX
b &&IET 27D HHADMEHL>TWET . BEAEMICIZOZ 771 O EEN
RO—7—23ay (PBYEBR) PHIFR. EfEPA—ILERREITHIRLTWET X
.07 2774)iF BEM (BRGER, BR) ICMEBIHEZIENTEBIEIN IEBE
LA X% BALIGEREEIEETRIENTEET,

logrotate [@E. HRD cron ¥a7ELTEITLET, . A XBiBICLS
£ D logrotate & 1 BHICERE LY., ——force 77 avEIRBELLY
LAWY, 1 H 1 EU EOOV77/IILAEBITITAbNER A,

logrotate AR ERBERET7MIVIE /etc/logrotate. conf T3, O 771l
FEMT DL TOT T L (&S apache2 2E) DIFE. TDI AT LNy
r—IICIE /ete/logrotate. d/ RICEREINAHMB DR EZ7IILAESEN TV
F9, /etc/logrotate.d/ T4L U KJIL, /etc/logrotate. conf HMSFHAHIAL K
DITEELTVWET,

A 4.1 /etc/logrotate.conf DREH)
it 24MiE "man logrotate” A BFHEA LI,

t o774 EBREO—FT—>ay (MYEBZ) LEY
week Ly

t4BRFETOBEOT#RELIT

rotate 4

tEwWaII7rA N EA—T—2a v UGG HILL (@EAW) 774V EFERLET
create

fO—7—>avlkI774ILICE, BEHEE LM ERSLET
dateext

F 07774 EEMRBLEWVGE, TEOIAYMEHALTLEIWL
ffcompress

AT LOATI7MIVDDEEIE
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# gzip PETDOMDEMWAEEFEALAWES., TROTEIAY MO MLTLEIW
scompresscmd /usr/bin/bzip2
uncompresscmd /usr/bin/bunzip2

# &8O RPM RNy r—I Tl FREOTA LI MYARICO—T—Y a3 VIERE
fEELEXT
include /etc/logrotate.d

ER

create 77V avAEFIATLIHEAIL. /etc/permissionsx 77/ JILNTIEES
NBI771ILD N—Iy> 3y (POEAE) PRREBBRICTERLEIVN, N
SDHREE BIETIHEIT. FEDLBVWEELSTHEERLEIN,

logrotate I& cron MEZXET74J)L /etc/cron.daily/logrotate R CEREIN
HOHINFT, BEETCEDI7MILAO—F—avyINOH a3, /
var/lib/logrotate. status ZHBFHHALEIN,

4.4 logwatch Zf|AL=O0Y7 771D
Esfi

logwatch (ZHRYTAXDARERTSTAVEIOJER RV TR TT VAT A
O %MEBLTRVEELBRALTERVEL. ABICE>THAPTWERTE
~LZET, logwatch OV RAEFIBTSICIE. logwatch Xwhr—I% AV AKN—JL
LTLEXW,

lognatch XYY RSAVASETETBIET, TORARD LA— AR TBHIE
DTEBIFN. cron ZNLTRITTEIE T HRY LR LIR—NEERTHIED
TEFT LR—NIEELICRTIEBIEN TEBED, TP ILADREFDE
ETRLZAANDA—)VEEETRICED TEET BEIIFFIC cron TOBEEE
FXBFICE FEET Y,

ARV RSAVDGEISEBEREHEATT, ZARMICIE logwatch (THREWLWTHERK

THLR—MIGEE T2 —ERDEECEFEEE, ML NI aEEBELE
9

# EELUBOITRTOA—RIMAYEZ—JICDWTHMALR—NEERT 2
logwatch --service kernel --detail High --range Yesterday —-print

#t TRTOD sshd BEEDZEHE ARV MIDOWT, FMLANLEELS LTLR—MEERTZ (F—Ha4 TSNk

TEED)
Low detail report on all sshd events recorded (incl. archived logs)
logwatch --service sshd —-detail Low --range ALl --archives —-print

AT LDEFI—=VTHAR



#5 A5 BH,M5 587 BETICERINATARTOD smartd X v E—JICDWT,  root@localhot 3EIC X —Jb
TLR—NEZEETS

logwatch --service smartd --range ’between 5/5/2005 and 5/7/2005" ¥

--mailto root@localhost --print

-—range A T avVTIIEMAEZIHETBIEETIET 5 L<IF logwatch —-
range help Z#ZE{TLTEIWN, FA BWVWEHLEHABERITRTOH—ERICDW
T—EARRIBICIE, TeeD Av VR ERITLET:

s /usr/share/logwatch/default. conf/services/ | sed ’s/¥.conf//d’

logwatch (&, HMRYBDWEERICE TRELZITRIIENTEXT, TIHN IFE
AEDGEIIBEDHREDETETHI TI BEEDERET7MILIE /usr/share/
logwatch/default. conf/ ICHYFET, 2D I77MILITEERELLY LAAWTL
IV, NI\ —JILEENET7MILT HY. SEDYINITTEHTL
EXINTLEDTREMELHB/-DTI . ZTD KHY HMBDERET71I% /etc/
Llogwatch/conf/ RIC FER L THFEWNZIW (B0 771 V&8 L TERL
TENFWEEA) . logwatch DHRYTA XHEICDWT, FIERED HOWTO
A¥ /usr/share/doc/packages/ logwatch/HOWTO-Customize-LogWatch RIC#HY)
X957 TREDEIBRERET7MILEHYET:

Logwatch. conf
AAVDEBETFAINTT  BEED/NN—Ia VTN AV I EINTUVE
T TNFNDEREA T avidk, ARV RSAUNS LEXTRIENTEE
ER

ignore. conf
logwatch TERINBRITRTCOTAEEEBRLET,

services/*, conf
DY —ERTALIRITIE LIR—ReERTEHDE Y —ERIIFETS
BREIT7ZINWDEEINET,

Logfiles/*. conf
BY—ERIDVWTAREBINZREOT 771 DOEROAEHI N TVET,

4.5 AT LOTADEEEF TR
logger

logger (& RT LA LT BBEREITRILHD Y—IL T , INiE> )LD
IRV RAVI—TTA AN, syslog(3) VAT LOVTEY 21— I ADAVH—TT

AT LOATI7MIVDDEEIE
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ARAERBTZEDTT  EZIE TERDEIICEITTSBE, /var/log/messages
RIC ZNAEHFEINFT:

logger -t Test "This messages comes from $USER”

BRADI—YPRERZAPGITKREFELEID, /var/log/messages 771 JLICIETFEE
DEIRITH BBERINET:

Sep 28 13:09:31 venus Test: This messages comes from tux
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SystemTap—Y AT LT —HD
Z1)V5 &L

SystemTap (FAXVYRSAVAVI—TIARERV) TINEEEREL. B HFD
Linux Y27 L FICA—FRIVICDW T FHLWEHEZRE T2IEA TS V7
hII7TY, SystemTap DR T SystemTap RV FNEE TR TS
HHATRS>TVWT,. ZNHIE C FEEDI—RELTAV/AMILIh . A—FIL £
T1— )L DOWITEEINTHRAAEZNET AV TMET—4ZERYHLT 714)L
HERELAETDEITA>TWS0H, EM AR RE P EE IR 22T
BTENTEEY, SystemTap I netstat, ps, top, iostat REDY—ILHAH B
5 DI RTIREREIRBLETH NESINLBERISTLTIILIP O
% BINTAIENTEREVNVIRDNERVET,

5.1 BAHOBE

SystemTap RV T &i2Ed5&, SystemTap Ty avhBBINE T . £
oo R0V TROETHIFAINDETOREICIE, RV TSN h—RILEY 21—
e LTAVMIL L FHAHARENBZFIENTRDONET, LEHTHRD RV T
he RITEATEBRICEENQVGE (BRI 2EZIE AV /(5D /N—
VAV A—RIDN=23Y FATSYNRZAPRAIYTRORBENEEFNET)
l&. SystemTap (FAV/X(JLLELEZY TSR EIFET . SystemTap DFvya
/. systemtap) RICEEND *.c & x. ko ZFHLTETLET . mARAFTNLE
Ta—)UiE, tap DRITHEDDEFRAAHRRINE T EMEHIEL T, 5.2I18
AV RAN—IVERRTE] (72 R—=D) ITEDN TV BIET AN EBTmALLES

LY,

SystemTap—Y AT LT —HDI71ILY EDHT
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5.1.1 SystemTap ®RZVUFp

SystemTap DERIE. EIC SystemTap DRV TN (x.stp) #ERTBIETIT
BRWET, RV TFITIE SystemTap BAEDLORIEFEDIFHR%E INEL. ZDINE
LEZBRISH L TN ZTRIDAO AR LRLET, RVUFME, AWK ¥ C S55
ICEl7z SystemTap RVYFNEETRMLET . EEBDEZICDOVT, FLUE
http://sourceware. org/systemtap/langref/ Z#HFmMALTZIN,

SystemTap AUV T DEREZHIE. ARV M ITRHLT HBETRVN TS
TNV RTZISET. EWWORNE BERTEEVNDIEDTT, SystemTap AARY
TheERTTEENFEDAINRY M WL TEREITRVWET ARV REETS
&L Linux A—RILIEH T —F> ELTNAYRSEEH L. TORITICEYE T,
FDHARYMEINY RS % BEIEZI2DDRN) H— (EoDMF) EWHED
FICRYET N\ VRSTIR, BELAT—95EELEATRETIERTIE
BIENTEXY,

8. SystemTap EEBETIEITKAOHDT -4 (B XFH., BLUVZEIALD
ERAEY) #FERL. R2AEERE (O, £ V-7 BE) % kD
CENTEFT FA BEAXEREESE (EIOOVICLBZXYIVIZER) IC A>T
WBIED EFEHlAES2TAONEBERIHYIFETA (T—YEIIBEIMIC HEBII N,
FvIIhZEd),

SystemTap DRAZYTMPENLDILGEICDOWT, F#LLIE 5.3 TRZUThD
k] (74 R—) DIFEH, stapprobes ¥ stapfuncs D ¥ =aF7IR—T%
BFEAHEIVW, v ZaTILR—IIL, systemtap-docs /Xy —JI EFNTVE
ER

5.1.2 tap vk

tap Ty MEIXBFIERINAFRERDS AT ST, SystemTap A2 A
MOFERTHIENTEEAMEF S ATVEY, 1—HH SystemTap RV
N& R1T79DE, SystemTap IZRI)TRDIFEEARYIMONAVRSH, tap Y
N SATSVRICEETEIHNEID AR LET, D% SystemTap (FRX7Y T
N CEEDI—NIIEBRINDENIL. TNOMELEECEBEHHAAHETT,
SystemTap X7 FMNEHERBRIC, tap BYRDT7AILEAITIE *. stp EWDHL
RFHIMTTSNTOET,

772U SystemTap RV FhEFERY, tap EYMIBERETT2HDED T
BHYUFEEAMDRIY TIDOEREBIZHTODEBEELTHFE LTWE
T, ED® tap BYMSATSVIE ARV MOREREBEIC FRTESELIICTS

AT LDEFI—=VTHAR


http://sourceware.org/systemtap/langref/

LODHMRBESAFT, tap LYMIARVIMNE FEELAVWI—HICHLT,. &
DEMLEMDBZEERELTWET, FEZIEIN—VUa VT EICEBRRLIRE
EDH—FILERIITH LT, bhUPTVRIEABEEINTWYLET,

5.1.3 vV REHER

SystemTap TH2EBFEAINZIATURIL, stap & staprun D 2 DTY ., Ih
5iF rootHhBHEITTBH. B LLIL stapdev F/zld stapusr DAV /N—D1—H
"o RITTIMENHYET,

stap
SystemTap ®7OY NIV RTY, SystemTap DRV TN, T71(ILPRE
EAA NSRRI TRITTEIENTEFT RV TMICEEDNY—R
A=K ICEBINTAV/AAILEN, ETHOD Linux A—FILRICEY 21—
ELTHEMARAENTET, TDRMERV AT LN —RACIEERENERES
nEy,

staprun
SystemTap D/XyJI LTV RTY, SystemTap D7OV NIV RARELIZA—
IV B2V E FHAAFLYEBRLEZYLETS,

FNEFNOIATVRICDWTA T avD—BARRTDICIE. AT VRIC --help
A avE I TEITLTTEIVN X2 BELVLERRR ICDWTE. FNF N stap
& staprun DX ZaTILR—IUEHFEALTIZIN,

F7c. SystemTap #E1T92LEFOI—HITH LT, root DMEREFEETIC
BEERHEELTCETNETNTEICERT SystemTap DV IIL—FICFRBIE S
FED HYFT, IhbidWdFht openSUSE DEEEDRETIFHEEINTWL
FEAD FEED VI —TEER L CEVIRERAS5 25T LEEARIRTS
ZENTEZET,

stapdev
ZDTIN—T DXV IN—DIFE, stap AV REFIALT SystemTap DAY
DT RNERTTBIENTESBITH, staprun YR T SystemTap DHNE
Ta1—)VEEFTTRIENTEET, stap DETICIE. A—RILES2—ILD
AV A—RIVADFEHARAAEEZENDIEITRYFTO T, EEHIC
I& root DMEREFRFDOZEICERYET,

stapusr
ZDTIN—TF DAV IN—DIFE. staprun ZFIFALT SystemTap Dff
NEV1—IERFTIBIEREFIIHFTINET, ZNITIMAT, /Lib/

SystemTap—Y AT LT —HDI71ILY EDHT
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modules/ 71— R H/V—2"3 > /systemtap/ TAL KN L L FICHBDEY 21—
IWERITTBIEETEET, COTALIR)IF root AFRBEEZIREINT
WARITNIXRSWN DT, root ZIFAEZALTENTEET,

51.4 BEERIPAIVET1LINY

TEBD—ETIE, SystemTap ICBIFBERT7AILETALIZMIZDOWT, BE
HERBALTWET,

/Llib/modules/ 7 —RI/¥V—= 5> /systemtap/
SystemTap DHFNEV 21— EREFELTVET,

/usr/share/systemtap/tapset/
tap TYNDIRESA TS ERFLTVLET,

/usr/share/doc/packages/systemtap/examples
B2 BB TER TS SystemTap X7 MDA Z USRI TWET, &
DT 1L IR, systemtap-docs /Sy —I AV AR—)LULTZIBEDHF]
BATEXY,

~/.systemtap/cache
SystemTap 771\ DFx vy 1%FkFIT2T—9T71LIKNITY,

/tmp/stap*
SystemTap 771 D—BET4LIMN)TY, C EBAEBINLBRD 774
W, h—RNWATIONREDNBEINET,

5.2 AV AMN—JLERRE

SystemTap IFHh—RILDLDERE BEE TS, SystemTap /Xvi—IC
MATWL DD DH—RIVEE R —I% [V ZAR—=ILLAITHIERYEE A
A—FRIVEE/NYr—T1F SystemTap DREERRD h—RI/N\—2 a3 0fEHH
ICE>TERZEDTHBD. TNOHDNELL—BLT WBNRr—I %AV A M—
IWLTLEIW (FRRDORTIE * ELTNR—=UaryPiEREEATRLTWEYD),

EE: 7y /BB vr—J0)RIM)

BEVNDYRTLTHEYZAVEHEFALTWSEHEF. openSUSE 12.3 A
DASAVAVAN—ILYIRI N %-Debuginfo-Updates RIC [T/ &4 |

AT LDEFI—=VTHAR



(debuginfo) /Xy —UMNEELTWET, YaST 2FIFHAL.COYRI N A2 B
ITERE L TLEXIW,

RERBEOFBHEDZEIE FRD/N\VTr—I% 4V ZAR—IL LTI W (YaST
F7old zypper TAVRARM=)LEITIRIZED TEEY),

* systemtap

e systemtap-server

« systemtap-docs ({£E)
* kernel-*-base

* kernel-*-debuginfo

« kernel-x-devel

* kernel-source—*

* gcc

FREODBMNTYZATIR=UEFALYY VT ILD SystemTap AV T E
S LY LI=WESIE. systemtap-docs /v —U B4V ZM— )L LTLEX
(AW

BEVDIVVITMHBRETD/NNYT—IDA Y AM—ILENTWT, SystemTap
HRATIZREBICHEHNEID &R T BICIE, root TFEDIAVYYNE 1T
LET,

stap -v —e 'probe vfs.read {printf("read performed¥n”); exit()}’

FEROOATVRERTIZERV) TP EEIL.IREFERALTVWDA—FRILIZDW
T Fvi%ETRVWET, FREDOLIITHAINNIL, SystemTap 2FIFH 9 2%
NTETWBEHIMTEET:

Pass @: parsed user script and 59 Llibrary script(s) in 80usr/@sys/214real ms.

Pass @: analyzed script: 1 probe(s), 11 function(s), 2 embed(s), 1 global(s) in
14Qusr/20sys/412real ms.

Pass ©: translated to C into

”/tmp/stapDwEk76/stap 1856e21ealc246da85ad8c66b4338349 4970.c” in 160usr/0sys/408real ms.
Pass @: compiled C into "stap 1856e21ealc246da85ad8c66b4338349 4970.ko” in
2030usr/360sys/10182real ms.

Pass @: starting run.

read performed

Pass @ (73 ~—<): run completed in 10usr/20sys/257real ms.

SystemTap—Y AT LT —HDI71ILY EDHT
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© /usr/share/systemtap/tapset/ RICHBEEFD tap EYRSATSYDRY
DT NERBEALTWET, tap Ty bElE BRIICERINAIEEEBROS1
TS51)& (RV)TN) T, SystemTap D RVYTIHSRIBTEIENTES
£EDTY,

0 EFNTVBRY)TMIFLTHREZTAR>TVWET,

© RVYFME CERBOV—RAOA—RIIEHLEHE AVRAM—=ILINTWSC
AVIRAZERFTLTY—RO—REAVR(ILLTVET  ThTh £RI
N7y —2A3—NK (x.c) EA—FRILED2—)b (*. ko) I, ~/.systemtap |ZH
% SystemTap ¥y aRICREINZET,

0 EVi—NEFRHAH A—RIVICERTDIETRTOFE (IRVRE
NYRZ) EBEMILTWET  BEITZIRYMIREI7MIVO AT L
(Virtual File System (VFS)) OFAAHLIETYT , ZDARXY MIED L%
BETERETEIEDRDT, EELWANYRS (read performed EXRRTER
I)TN) BERITINTEER T T5ETTY,

® SystemTap £y avA R T LB FEENEWEINTH—RILE
TVa1—ID FmHRAADRRINET,

ERDTFRANRICALHNDIZT— Ay E—IDNRRINLIGZEIX. RRINTAY
V% FIMVICLTRER/ T —U %ML TNODELLAV AT
NTUWEHD EIDEDOTLEIVIGERICE > TIBBRA—FIVEFTHAL
7. BEBZ T EN’HEINELNIEA,

5.3 29V 7 bDILiE

SystemTap DRV TMITFED 2 DDERISEBRINET:

SystemTap 1RV~ (FRER) (76 R—)
NV RSHERITIRZIA—RIVARV DGR ARV NE LTI ED #EE
(B O H LER DR TEBDICERE T BHIENTERIEMN. Y17 — ITL
ZREP Y AV DR, TICRETEIENTEET,

SystemTap /\VRZ (IRERK) (77 R—=D)
BEDARYIMBRELLEZ AETRENETLMRLIERAV) S NEED #
5, CDEDITBE. ARV NDRRITHELTT—9%HE L. Tho% RERD
ERPHERRNAEIRETIEELITRVET,

ARVREZNICEETZN\URIF FEHTIRE & HENET, SystemTap

DARYMIBFEERA Vb EEEIEN, ZOARYMITTENA\Y RS 1BERF
EEMEENFET,

74 SRATLRWEF1—ZVTHAR



SystemTap X7 FMNATIE, AR FETERDBAAICOAAY MRk §52&
N TEEXT: ENTNL, /x %/, // ZFEBALTEEIRLTEIL,

5.3.1 A& (probe) D&

SystemTap RV T NCIE BHEOAEELRITDIENTEETAEIETTELED
R TRBRINRIThIERYFHEA:

probe 7N p {XF—p X}

TNTNOREICERIGTEZRAT I NTOVIDNEELEFT . D AT—MX

vh7OvsiE { } THELOKTWWRIITNIE 25T ARVRNTEILRAT MU E
FELRITNIERYFEEA,

A 5.1 =774 SystemTap X227 h

TEElE> VT IV SystemTap AU T NDHITTY,

probe@ begin®
©
printf@ ("hello world¥n”)@®

exit 0O
17
0 A% (probe) DEETY,
® A~RVhbegin (SystemTap Ty avDEIER) #EELTWET,
® /N\VRIEZRDHEZ { TRLTWET,
0 /N\VRSHTHRMIHERINTWBEE (printf) TY,
© printf ABTRRINREINFINEINTVET, XFIDOREICIEHRT
(/n) BEDMNTVET,
0 /N\VRSAT2HBBIFERINTWSBEL (exit()) TY, % SystemTap

DRV TME, exit() BN BUOHBINDETHEITTRITINDZEITE
BLTKEIV ZNLYFID ERETFENSIEIEDICIE, Ctrl + C 2#LE
ER

0 /N\VRSEEZEDKRTA)} THRLTWET,

ARV begin @ (SystemTap £y av ORHIARE) HAFEETDE, { } RICED
NTVWBNYRSHNREILET, CDHFE printf BB 0 NIEUH I, hello
world EWOXXFFNERITHAEN @ SNFT, HANKEHBE NVRSIFRT 6
LE,

ZOVTRRIZEBD R T— AV MO BB INTWBIHE, SystemTap (&I
D ATFT—MAVREEDINTVWBIEFICETLET, AT— XV MOEICIEREIY

SystemTap—Y AT LT —HDI71ILY EDHT
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ERBNFVPRTERDITNF LB TIUEIEHYFEA T AT—MAY
D 7AYZIEMBDRAT—M Y MDTOYIRICRANT D (ANFOFRICT )
ZEHTEET, —MRMIIC SystemTap RVU RN TERATIZIRAT— AV NTOYY
& C7TOVSIVIERBTOTNERLTY,

5.3.2 SystemTap 1RV b (RER)

SystemTap TIEHMEZ<DABAR YN LELDTHIENTEET,

—MREIRARYNDEX T RY N TR Y- TR T BFHAETT , DL H
ICEYU ARV NEDEENISIRYADIENTERLIICAR>TWET . TNE
NOOAVKR—RVK ARV ID/IR—Y) Tk, BEHRECHE LD LSRR T XFF
FIIBUED/INSA—IEIEETBIENTEDZFET, ISIC, AVER—RUN T *
EIRETDHIENTEET , CNITELETHMORERIC BAINEEIIAVE
T ZNLUMCE BFERIC? 2440 LT EBRICKBLAIZETEIS—ELAR
WERIBEDEDETEIENTEET, BB FERIIFLT ! #1079 5&.
EEEEIOTLERED ETBIENTEET,

SystemTap TIIIEBE RIS L TERHDAIRY MR ETHIENTEET . IND
& AVT () TRYIS>THEELEFT  EHDIRVIM BE—DREICHLTERES
Nn7=HAE. SystemTap IFIEELEZVWTIDDARY I FAELBICETET

BWET,

—MBYIF ANV MEITRDOLIBRFERICH FRIENTEILTY:

o BHARYN EFEOTOECAN, A—XILI—RRATHEDBFICHZHSE
EITLIEBEICRETIAIRUN BIMOREET—9EL T HBDARY M [T
B2BBERAVN (BESDTRLR) BREINZIGELHYET,

BIHAA RV MK & ZE vEs. 7 7 7 IERIE I ED HYET: RET7(IL Y
27 L (Virtual File System (VFS)) ICX LT, 7 7 7 /LEEFE TIRET ANV
NEEELET, 12EAIE 5.2 [V RMN—JLERTE] (72 R—) DIFA.
read »* VFS THEAINBZAIRVINTT,

« FEEBPARVM BEOHEPI—RRATOBAAICKU IRV EDZIELE
T, REAEHIVIILEZEDPIIT—ILLDEDREDNHITFONET,

FEREAARYREL T, 7z&ZE begin EDRHYFET, Thld SystemTap
Yy avDREKBEEKRTBEDT, SystemTap RVU TR i2ETZETIC
ETTBEDTT, ZNLUMICE end (SystemTap £y av DR T H) L4 1

AT LDEFI—=VTHAR



T—DARYINREDRHYET, YA — ARV MIERAMICETTD/=HD/N\Y
RST. 7=&xIE timer. s(#) ® timer.ms (S U#) BRERHYET,

BHRENETHDODEZDOMODREELELICHEALLZ S IIX—IRV M
FIAT3IET . BEHNICT —92RTITDIENTELT  INICLY, —F
BRI EICENLITOED Ho /oD R T HIENTEET,

PN 52 S4V—ANIPCSLBIREE
Tc&EZIE, FEEDIEETIE Thelloworld] EWDTFAMNE 4 B XICRRLET:

probe timer.s(4)

{
printf("hello world¥n”)

}

FUIFEBIRERA RV MIDWT EELKIE stapprobes D ¥ ZaF7 I R—IAaBHH
{EIW,TZaTIR—JAHD See Also DBICIEFEDH TVRTL% OV
R=RVMIFIETRAIRVMIODOWT MDD ZaTILR—=IAD YV IHELIN
TWET,

5.3.3 SystemTap /\V RS (IR&EHF)

Each SystemTap event is accompanied by a corresponding handler
defined for that event, consisting of a statement block.

5.3.3.1 ##aE

BHOBRETEUCRAT—MUMNIEFERLZWESIE. Tho 2B RIC B RY
BIENTELY, function DRICKRI% BRI BIETENSEREHELTES
THIENTELT B TIE XFHCEE (EEL) DNSA—Y % BRIZIFHE
M BIENTE, B—DXFICHUELRINTEIENTEET,

function BHE (/WS X—2) {(RF—,X P}

probe 7N, {EHE(/VIX—2)}

LEROPICBENT, FHE RICHBRT—IAVNE, 7 X A TIRELLEE
DNRELLCIIIVIT RITINET, /WS X—F (JEEIREDET. BEITE
FTNSA—HEIBELET,

BEER V) TNHDEBDHZFICERT 2IENTEET,
B15.1T> 0 F )V SystemTap AU TR (75 R—=) TEEICBNALTWSE
BY., ETHELLKERINZEHDOIBED 1 DB printf B TY, ThidERX%

SystemTap—Y AT LT —HDI71ILY EDHT
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BELTT 92N 28T . EXEEXFINEEETS JET.EDLIR
JETHATEDN R ETEEY . BRABEX T SIRFTHETEEL.
ZOHT § XFTHIEDFHML EREEZTLVET,

ERBEXFRINCEDIIIEETIONMNE. BRRATRD/INSXA—FICL>TE
RYFT  EXNRBEXFIIIIERDERNIBEALRETHIENTE . ThEh
FGA—=H 1 DI ISELET EHD /T A—=HIEAhV T TRYPYET,

A 5.3 ZRXEEITED printf B
printf ("@%sO(%dO) open¥n@”, execname(), pid())

0 SXEBEXFIDHIY (") 2BELTVET,
0 XFIDERRETT,

© BEHOEXEETT,

0 BRAREXFINDERDLY (") ZEEELTVEY,

LEROHTIX IREDREITH (execname()) ZXFFHT, AR ID (pid()) %
BEHTHEIMRICKR R LIzHE, AR—ATREI>T open EVWIXFHAERRLT
ITLEY:

[...]
vmware-guestd(2206) open

hald(2360) open
[...]

BI5.3TERIBEEMED printf BHY (78 R—) THEALTWS
execname() & pid() @ 2 DD BEEHLLAICE. printf TIEIFRLALERAERHT
5 ZENTEET,

SystemTap DRVY TN TEHEEEILERATHEHETRDOESYTY:

tid()
BEDALYROD ID

pid()
BEODRLYROZTOER ID

uid()
REDOI—YID

cpu()
IRED CPU S

AT LDEFI—=VTHAR



execname()
REOCTOERDATR

gettimeofday_s()
UNIX TRvZ (1970 £ 1 B 1 B) »50R:BWE

ctime()
BFRI &L FINCEBL=ED

pp()
BENE L TWAIEE S DA FES

thread_indent()
HAOEROEEEEZDZDICEFREHTY, COBEHTIEZERALYR
(tidO) IR LT AT YNNIV %RFFT D MEAITRVET, CORFEKIE
AVTVRNEDEERIEIND ALYRD ATV MNAD VI BIBRBITZ2HD
1 DDINSA—9BEI/ELET, BAROBRYEIR. AV TV MIBERBET K
DAR—ZE WKOHWD SRANAEBHT—9 %280 XFI T NERNLE
BT —2ELTIE, IMLRYV T (RALYRICH T BRI DA VT MLIEHS
DB 17O E) DIFH,. TOERALZEALYRID BEFEFENET, &
NICKY BUHIN 2BHEPHEUHE LT, BLURLYRDRE BFE%=E
BAITDIENTEDLIICH>TUVET,

ORISR T ETOEICITEE. BIDOBEIH DM LICKSRIE #
THEENZZENL AAETRDLARVRETIEZTNSAHEFIT2DD #L
{IB2TLEVWET . CDAVTVMNADVI TR, FID BEHIEVHEINTI5
BIMEZIEP L. T IR > CEERBETEZBOTIENTEED T, FE
DIEVHLD BIBEZCICAICTOTRAEZTRV. BRORKREKRTEZR
PIIRIL THMRI’HYET, thread indent() AT S SystemTap
27V TRDEINZDWTIE, http://sourceware. org/systemtap/tutorial/

Tracing. htmlfifig:socket-trace IC# % SystemTap Tutorial & HFwIH<TE
Ly,

M FATEE%: SystemTap BEIC DWW T, ## LI stapfuncs DY =27 I R—I%
BEHI,

5.3.3.2 EDDEFN L 4EE

B IX RIS, SystemTap D/\Y RS TIEZDMD—RM SR BTZIE
DTEEY I ERISEBORM DI (1f/ else) (JL—T (while, for) (EEFI%P2
RYURSAVNGA=IIRENBHYET,

SystemTap—Y AT LT —HDI71ILY EDHT
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£k

ERIIZAV)TMNRADERDIGII CERTHIENTEIT  EREZEERETS IC
I3 BRICERIZEE L TRABDOEPHEAZRA LTI L

foo = gettimeofday( )

TEEEHERARETHERTZIENTERLIIICRYFET . ZBHIC KA LLE
DIELEICL ST, SystemTap (B EIMICT —4BIAHER (SCFIIFEIE BUE) L
FTASHDFENREETEE. ZTNLHETS—ELTREINET, LEEDOHIT
I foo I(ZBEIMICEEE LTEIRIN, printf() TEHOEREIEE (d) $5
ZETRIRCTEDLDIRYET,

2L BEEDFRETIHEEHIL. ZNAMERINTVWRIRERO—AILD EET

T OFV. BERIZTNTIhDONYRSHATHHIEIN TERIN, ZLTEEIN
FT EHEFREOBTHAETDICIE. RV TMNAT ZOEHET O—/NILEE

ELTETITRUENHYET,INETRD ITIE IFEDHEIT global F—7—
RafERLEY:

A 54 JO0—/)LEHDEH

global count jiffies, count ms
probe timer. jiffies(100) { count jiffies ++ }
probe timer.ms(100) { count ms ++ }
probe timer.ms(12345)
{
hz=(1000%count jiffies) / count ms
printf ("jiffies:ms ratio %d:%d => CONFIG HZ=%d¥n”,
count jiffies, count ms, hz)
exit ()
}

FEBOY VT IVAI)TITIE. A—FILD CONFIG_HZ DREEIA<—
TEEIZEDT. TNTNH—RILOBEDEE (jiffies) EIUREHR I T W
F9 (jiffy/jiffies T RTLDYAT—EIYAAZD 1 hIVhDE BEKTS
BTY . N—RITT7 TS5V T74—LAITRDZEN)AHRAIC KET B

D, TSYRTA—LTEICERDEIRYET) , global RF—KXVME{EH
4BZETceount jiffies & count ms DEHAEST O—/NILEEHELTWT,
timer.ms(12345) DR TEFAETESR LI >TWET, b, ++H ITIBELLE
BDIEICT ZINAE. EVWIBEKRTY,

Firoi

SystemTap RV T A THEATERZRGDILRICIE. WAWBREDHHYET,
ILFERAINZEDETRICRLET:

AT LDEFI—=VTHAR



If/Else RT—KXV
TEROLOIBREXNTERLET:

if (RYL)OIFZ—, X, 1O
else@XF— A X, 20

if 27 —MAVMIEREZE O LLEEBLE T, FKMEEEF 0 1° 0 LIS 015
BBRIDRAT—RAVN @ BNEITINET, 0 DIFEIF 2 FEEHDRT—IX
VhODRITINET, else DIETE (@ BLUY 0) [FEBT. HEELALTED,
FVWEHAFL 0L 0 IF WITNERT—I AV NT OV %ZERTHIEN
TEZEY,

While JL—7
TEROLOIBREXNTERLET:
while (RH)OX7—, X+ O
M TERELED O UATHBREY, @ TIEELLEAT—MY N EIEYIR

LEFTLET . AH. 0FRAT IV NTOvIAERTEIEETEET, £
4 DIEIXEEIDDIEYRLDEIC O ICRSKRIThIERYEE A,

For JL—7
EARMICIE while ICTBa—bMhyMERET, FEREOIOLERTEELL
9.
for (ZHIIED; £4O; 1% 5EO) statement
O CHEELARIRITIEVIRLAEOMEIEOBICERT2EDOT, LEA X
BRICIT R bNEEIICETINEGIEETY . E1TIE 0 TIRELLEFGIHALX
NERDZIETRYIRLITADNEYT (COREIT BBV RLAEBDEETIT
BhhEd) £, @ TIEELARRIE N —THIV9OmMEIFERLEY,
CORBFITE BYRLAEBODEHOYTITARDLNET,

FEREETF
REBEFELTUITEDEDEF-ATHIENTEEY:

== ADERDHIFELWV
=t ZEDERDHFLRN
>=1 ZADIEFIDNELLIYKREVND FLW

: DIEIDNEIDLY NIV FLW

A
1l

SystemTap—Y AT LT —HDI71ILY EDHT
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5.4 297 Ml

systemtap-docs /\v—% AV =)L LTWHIE, /usr/share/doc/
packages/systemtap/examples PRICETEDEFIA: SystemTap 22 7 MiIA ED
BINZEY,

ZDETIL, /usr/share/doc/packages/systemtap/examples/network/
tcp connections. stp ICHBH Y TILD RV TMIDWT, LYUEELERBALE
ER

A1 55 tcp_connections.stp EFIFLEENS TCP DEE

#! /usr/bin/env stap

probe begin {
printf("%6s %16s %6s %6s %16s¥n”
”UID”, "CMD”, ”PID”, ”"PORT”, "IP_SOURCE”)
}

probe kernel. function(”tcp accept”). return?
kernel. function(”inet csk accept”).return? {
sock = $return
if (sock 1= 0)
printf(”%6d %16s %6d %6d %16s¥n”, uid(), execname(), pid(),
inet get local port(sock), inet get ip source(sock))

}

Z®D SystemTap RV TMIBERID TCP a7 ILIA LICEREL, FTX
NTVWARWERVPEZLRVERIRELTVWAHEIDNEEELET. ZThTh
TCP OEHmAIVEI—YAIICZIFANSNDE, FEEOLIRFERIRIIINE
q:

« 21— ID (UID)

EHiEZIF AN TLSIT VR (CMD)

- avYR@7O+2 D (PID)

EimHEA L TLWSAR—b (PORT)

TCP M###:7T IP 7KL R (IP_SOUCE)

AV)TheRTTBITE FROLIICADLET:

stap /usr/share/doc/packages/systemtap/examples/network/tcp connections, stp

AT LDEFI—=VTHAR



HERFRV)TINOERITRERIEAINE T, RV T M ZIEIEBITE. Ctrl +
C LI,

5.5 XS5 1HEER

ZDETI, SystemTap ICDWTDOBEZFRAL TEZX LT, SystemTap ICDW
T LYFHLWEREBSITIE TRRDY VISR LTEIW:

http://sourceware. org/systemtap/
SystemTap 7OV TV hD Web R—U T,

http://sourceware. org/systemtap/wiki/
SystemTap ICBETAEFRIFRIMZ<RBEHINTVWET, LEI—P/D
Y—IL EDHE LKHBER (FAQ) PeV e, A—HRIFTBLVHHESE
BIFD RFaXvF—oavhhyEd, £/, SystemTap DRV TNELIE
HIN TWBIEN U TILCERAB RFDFBRPCAN—)—REEHYE
ERS

http://sourceware. org/systemtap/documentation, html
SystemTap Tutorial (SystemTap Fa—hKU7I), SystemTap Beginner's
Guide (SystemTap #):{0ERIFHANR), Tapset Developer's Guide
(SystemTap FAFEEMRIFHAR), SystemTap Language Reference
(SystemTap 558 77L Y R) B, FNEN PDF & HTML DR TR
NTWET Fh ThICEELL Y227 IR—IUE /I TUWET,

SystemTap DEE) 77L > A% SystemTap DF 21— T ILIZDWTIE,
N —2% AV ZAN=)L LI AT LTHNIE /usr/share/doc/packages/
systemtap RICEFEIELE T, F/=. SystemTap DYV TRV TMILEED
example 47 TF4LIRIZHYET,

SystemTap—Y AT LT —HDI71ILY EDHT
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H—RIVRE

A—RILDIEEE L, Linux B—RILDT /Ry 0MREICET 258 AEDH BT

HD, —EDY—IVEDIEEIBLET AREPVATLEEEITEAR. NS

HERALTH—RILDT NI 5THE7Y S RATLEREDRMNLRYIEFEBL
£HELEY LET . ZIHSBEINLT . VAT LOMEEANET AN

TEALEY,

BRERHA—RIVDIV—F 2 (—EDEE) DFIHAALGIEDNTE RHFEDRA

VM BELAERICEITINDG NV RIERETHIENTEZT . A—FRIRED
FRAURE LTI ARV DBBREZIT LY TIVREN LD ED FRE

HBIKERZNAS BTHEHREBZVEELRVRDFEFONTT,

A—XIWFEEEZFERTHIUE BEEIRFEDA—RIEY 12— ILE/ERM LT=WEL
BLEY $E2RELIHYET, CDLIIRET2—IUICIE init (#IHAML) & exit (&
T) DBBEHDEFNTWET, init BIE (register kprobe() Z4&) Tid 1 D
FIIEHDREEE BHL. exit EETIIINSDEFEMRISELE T, BHRE
T FEBEEREATS B 8T TDEN BFEICKY LIIEEIC. EDNN
S ERVPHTONAIEELET, —ETERORES BHFIXBHEMRTDIC
I&. register <IEBDE#E>probes() * unregister FEBDFEXF>probes()
BEATHIENTEET,

FINy TRy —IEREERDT XvE—Ild, —f&IC printk A—FRILIL—
FUTEELET, printk [dI—HRR—IT FHEZAD printf &AL
IW—FTY, printk ICTDWT, 5ELLIF Logging kernel messages [http: //
www, win, tue.nl/aeb/Llinux/lk/ k-2, htmlifss2. 8] (REE) £HFHML LIV, B
BTHNIX, IhS5DAytE—VE /var/log/messages ¥ /var/log/sys log 7&%

Hh—RIEE
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B2 ET BT HIENTEFET 2L BAE 27400771/ DAHT
EFEFE (59 R—V) BHmH<LIEIN,

6.1 YR— ENDT7—XTIFv

A—RIRBRTEDT7 —FTIF VT ZTEIL REINTVWET:

+ i386

x86_64 (AMD-64, EM64T)

* ppcb4

e arm

* ppc

A—FIREIITERDT—FTIFvT HLHIC REINTWET:
* ia64 (slot! A RIS T HIEEICII R LTWEEA)

* sparc64 (return IRENREINTVEHEA)

6.2 h—RIVIREDER

A—FIVREITIE 3 DDEENHYET: Korobes, Jprobes, Kretprobes ,
kretprobes &1 return probe EEMEENE T, Thb 3 BEDFEEDY—R
J—REIE, /usr/src/linux/samples/kprobes/ I (kernel-source /Xwi—)
ICFEELTWET,

6.2.1 Kprobe

Kprobe IE Linux A— X LRDEBEDHSICH L TRETIIENTEZED T
¥, Kprobe ZREDHRICH L TERET DL, ZDRIHAEINTVS RZHD
BRTICH LTI LA IRAV MO R EINE Y, 7Oy YD TLAIRAVMIE|
ETRE. TOVHDOLYRYBRNMREINZHE WD Kprobe ISEINZE

AT LDEFI—=VTHAR



T RN TUYNRS (BRID/NVRT) NRITIN, ZOHEFRDGBEH—D
PTOEFTIN, RRICAHAIANANFZ (BFERDNVRT) BETINET, ITho—
BEORNI R HDE, HEHIE Kprobe TRELTEWAETZRLRAICRYET,

6.2.2 Jprobe

Jprobe (& Kprobe D#A% @ L TEREINTWSEDTY, CNILEHO FHia
B (TVRM)RAVPN) IR L TEREINDED T, WROBEHUINNTSD /35 A—%
ICDWT BENARTIERETRITENTELLIIIR>TVWET, ZDO/N\VRS
W—F UL BABERULNTA—Y—EBEBIRVIEEZRELAITNIL RYFEA,
F7-. jprobe_return() ZMUHIIET R T LARIFNITRYEE A,

Jprobe TOREICF | >hh2E, 7OV DL RYIERIMREIN HE. B
SDRAVIH Jprobe DNV R IL—F UV ANCEITONET, 2D, HIEIZE
BHAFVHINZEZERUL Y RASRET . NAYRSERTLET, RERICNAVR
Zld jprobe_return() BEEMUHL. TOBRIIRYET,

—MRBIICIE T DOBEMUICEBDIFEEEZFEATHIENTEETT A, Jprobe Tl
1 DOBEEHY 1 DDAVAYVALMIBETIEE A

6.2.3 Return probe

Return probell DWTHEHRRIC, KProbe DA% E L TEREINTVWET,
register kretprobe() A MUH IN3E, KProbe MM iEE DB DA S
ICREINTE T, BEICB DD & A—RILDFEERBIRROBEHORY 7
RLREREFEL. HODLDHRELTEWAENYRSERVHELET . CNS—ED
TN HBE, FlEIE Return probe TRELTEVWETRLRIZRYET,

728 register kretprobe() ZIFUH T HIIC, maxactive NTA—F%ERET S

MHEADHYET, TNIERBFICENEITDA VR ABAEEE TN EIEELE
T COENNISTERE  FEERRELTLEIGENHYET,

6.3 H—RILDIRE API

Kprobe 7O SIV T4V —7 x4 AIEHROBEHHISERINTVT. Zh
S5 FATZL2TOA—FRIVREICH LT EHFPEHFMBRETRIENTES
FM NYRSERREDIF /YT EIENTEET . INODEEUICOWT FHLWER

Hh—RIEE
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B ZNOHD/RSA—HICDWTIE, 6.518 [I5451EH] (89 R—V) ITR
TIRHRESIRLTEIL,

register kprobe()
BELETZRLRICTLAIRA VN R ELE T TLAIRAVMIEET S
&. pre _handler & post_handler A ZNZFNIEVCHEINET,

register jprobe()
BELETRLRIZTLAVRAV IR ELE T, 7 RL RAITRETROREHIC
THLTCHRVDBSAEBETRITNIERYERA TLAIRAVMIELET DL,
BELE NYRSHAERTINET  N\VRSIFEERROBEKERL/SSA—
HYAN, DORIMBTHBIREEDTY,

register kretprobe()
18 7E L7=BBELIC return probe ZEELEX T FERNROBHHA/ELHINS
EEBELENYRSHERITINET, CORRBULRIIEFIC 0 &, KEBFICIE
BOH%E RIMLET,

unregister kprobe(), unregister jprobe(), unregister kretprobe()
TNETNEELAEEAHIKRLEYT BHERTHNITVDOTERVHTIEN
THTT,

register kprobes(), register jprobes(), register kretprobes()
TNETNIBELLEIRNICHIERDFEEERELET,

unregister kprobes(), unregister jprobes(), unregister kretprobes()

ThENREELLRIRICHIERDOREZHIRLEY,

disable kprobe(), disable jprobe(), disable kretprobe()
EELIFREZ —RIICEMELET,

enable kprobe(), enable jprobe(), enable kretprobe()
—BEICEMEINTWAEEBEEEMICLET,

6.4 Debugfs 1>9—7x4 X

RIED Linux A—RILTHNIL, A—RIVIBEDOMSIETH—RILAICHD
debugfs 1V —TJxA RA%&FALET,. CNICLY. 2 TOEFEHAEEE—EBER
RCTED I 2 TCOREICFLTAEMCEMNZIVEZEIENTEET,

AT LDEFI—=VTHAR



&;:ﬁﬁﬁ&@ﬁ—*»ﬂi&—ﬁﬁﬁ?é
y:]

WAEZHZINTVLSBLTO Kprobe &R 5I1CId. /sys/kernel/debug/
kprobes/list 771 &BFHAHLIEIL,

saturn. example.com:™ ff cat /sys/kernel/debug/kprobes/list

c015d71a k vfs read+0x0 [DISABLED]

c011a316 j do fork+0x0
c03dedcd5 r tcp v4 rcvt0x0

ENDOFINIIIFEIBREINA—RIADTRLAFERIRTIINET, 2 &

BOAIIIBREDORENEINNTVET TN EN k B Kprobe . j A¥ Jprobe,

r A Return probe Z;RLTWEY, 3 HEEHDIIEA—FRILVADI VRILEAT
tyME, BLCFREOREICEATIEBRIRIINET . ZORRTEICAEWT
FRVMRIE PRLRICIEENMIBEL TWSHEIE. [GONE] &LV D v — I EE S
NFET, T, —EFMICEMEINIREDHZE &, [DISABLED] WD —ohv
EBINFT,

6.4.2 2ETOA—RIVIRE=BIT /I3 MIIC
EEG:YzP: S

/sys/kernel/debug/kprobes/enabled 77 JLICIE, BFEFAFDETDH—F
WEEICODWT. AWFIFEDIUIYEZDIEDTES MENHEEINTVWE
T 2TDH—RIVIEEEENICT BICIE, root T FEEDEIICEITLET:

echo ”0” > /sys/kernel/debug/kprobes/enabled

2TDA—RIWVIREEZEMICETITIE BERIC root TREDLIICETLET:
echo ”1” > /sys/kernel/debug/kprobes/enabled

BB COAETIIFREDRELZEETIEIETEEEABFEDREN—H
I BEPIEINTWBIES., LEEBDOY Y RAEETLTE [DISABLED] DIRRED FF
AT 3 8

.
6.5 ISR
H—FRIVIEBEICDOWTLYELLHISIZIE, FEEDEHRFEEATFIAHLEIL:

Hh—RIEE
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A—RIVREICAL T B2 ORMTNREIHRESRLILWGEIE, /usr/
src/Linux/Documentation/kprobes. txt 774 )L (kenrel-source /Xw/r—
) ZHFmA<IEI,

3TEEDFEEIODVWTOY YT IL (BLUBEET 2 Makefile) ZHFMICARY
7=WI5 A, /usr/src/Linux/samples/kprobes/ T4L-2 K1) (kenrel-source
Nlr—I W) X ELIEI,

Linux A—RILEZ2—IL% printk A—FILIL—F I DWTEELWER
%13%IC1E. The Linux Kernel Module Programming Guide [http://
tldp. org/LDP/Lkmpg/2. 6/html/ Lkmpg. html] (ZE) AHFHEALIEI W,

D—RIVFEEERBIFERIZICH > T IRENTIEHYEITH D LEWER
=B\ 581, Kernel debugging with Kprobes [http://www. ibm. com/
deve loperworks/Llibrary/l-kprobes. html] (3R5E) AHFTmHLLEI,

AT LDEFI—=VTHAR


http://tldp.org/LDP/lkmpg/2.6/html/lkmpg.html
http://tldp.org/LDP/lkmpg/2.6/html/lkmpg.html
http://www.ibm.com/developerworks/library/l-kprobes.html
http://www.ibm.com/developerworks/library/l-kprobes.html

perfmon2—/\—ROIFPR—
ADMEREEER

perfmon2 7Oty HHaEEE I =y~ (PMU) ICT7 V2R T B DIEHEL -

N AVY—TIARATT . RED PMU ETIO T —F T FvIC LT, ATk
DHD TIEAEEAIRBLET, NICEY S AT AREKRLE T TR ALY REAL
TD ERPHIVN BLOY VT T ETRITEDNTERLIIIR>TVLET,

7.1 B&

perfmon OBEICDWTIE TR EEFHZHLEIL,

7.1.1 perfmon2 D&

MREESIRE L, TEDEIICT TNr—avoo AT LDFELT WBDHITDWL
T IBHRERETZ1TA] DIEEELET, INLHDBRIE. BELTWSO—R

DNOEBTEIENTESDIFN. CPUPTFY Ty MNRENSERMBTEIENTE
9,

mLWOeyyThHhIEL HEERREI=v N (PMU) EIENZEDHEH Sh
TWET, PMU DREHEMAEIF CPU TEICERBMERICASTVT, &AL
I2E DAYV DELEEEBUCDOWTIE, CPU AIDERKIC Lo TREARYE
ERS

perfmon 44 —7 x4 UL FAITERERMECILREICEAZERETICR>T WK
T, ZDH. TATS AL (RALYR) K TRV AT LALEDL NI THERET

perfmon2—/\—ROITF7R—2ADMHREEIR

91



92

BOZEDTEDLIIIA>TVWT. WTFNDIFBETETO771)L BHREAI VK
L7zYUH )T LY B8N TERLICHE>TWET, COHE—INMYV
H—TTARICEY, AREDH DY —ILAERTDIEDN TEBLIITHR>TWE
T.XT & 7.1 Tperfmon2 D7 —FFI7Fv] (92 R—2) THEZHFZH<
7Z30N,

B 7.1 perfmon? D7—F72oF+

pfmon aA—HRR—2
perfmon
DR FAER S
Linux A—=xJL
perfmon
D7 —F TV FrEHEBSD

PMU CPU N—RDI7

£ PMU IZEHRDL I AIDSEBRINTWET . TN ENMRET_IRTE
(PMC) &EMREE=49FT—%4 (PMD) &M ENF T, ZXAHAIE PMC BICET 1774
HTEDNTEF I FARAAIEADL I RYTITRITENTEET, ThoDL
JABIUT R EBRET —IDREINET,

71.2 3TV TRV

perfmon2 (% 2 BRDE—RICHIGLET . ZNThH VT TERTU N EF
EN2EDTT,

YTy o EIdRE. —EORERR (FFEN—2XR) ¥ —EBRHDOI RV MNEE
g (AR IR—2R) TREBINZE—NTT, perfmon DIFE. BFFEN—ZAD
YT TS BETRET IRV (Fz&AIK unhalted reference cycles
RE) R AL THEEMICERLTVET,

—T5. AT, FARY NOREBETTICLET S T—RTT,

AT LDEFI—=VTHAR



WFNDBERTH>TEH. TNODERIE 7/ RICREINFT . ZOH VT
WILIF T EZFEDRLYRTRELEEDDP, BRIV IDERBENEF
nTVwEY,

TEEDHITIX CPU OP CYCLES ARV MDFEADEAE A, 100000 CIFELETS
TEICH Y TIVEERLED:

pfmon --no-cmd-output -e CPU OP CYCLES ALL /bin/ls
1306604 CPU OP CYCLES ALL

7. FEEOOTYRNIFIBELBEEDETRIE, £2AYAVILHRTO BlI§%R
~LET:

pfmon --no-cmd-output --short-smpl-periods=100000 -e CPU OP CYCLES ALL /bin/ls
# results for [28119:28119<-[28102]1] (/bin/Ls)

# total samples 112

# total buffer overflows : 0

it

# event00

# counts  Y%self %cum code addr
8.33% 8.33% 0x2000000000007180
8.33% 16.67% 0x20000000000195a0
8.33% 25.00% 0x2000000000019260
8.33% 33.33% 0x2000000000014e60
8.33% 41.67% 0x20000000001f38c0
8.33% 50.00% 0x20000000001ea481
8.33% 58.33% 0x200000000020b260
8.33% 66.67% 0x2000000000203490
8.33% 75.00% 0x2000000000203360
8.33% 83.33% 0x2000000000203440
8.33% 91.67% 0x4000000000002690
8.33% 100.00% 0x20000000001cfdf1

U U N Y

7242V A=

perfmon2 Z AT 2ICIE. FT FTRDEHNHLINTWBIEETHERLLEX
LN

SUSE Linux Enterprise 11
WG 27 —FTVFvid. ENEh IA64, x86_64 TY, perf (Linux @7
INTF—=X VR AIH) I\ —I DIFEIE, x86, PPC64 DET—FT7
FHICHIELTWEY,

SUSE Linux Enterprise 11 SP1
XS 27 —F TV F vk IA64 DHTT,

perfmon2—/\—ROITF7R—2ADMHREEIR
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SUSE Linux Enterprise11 £® pfmon MIHE. ThEFh T2 7Oty H(iC 5t
IELTWET (/usr/share/doc/packages/pfmon/README H 5D kAL):

&F7.1 VFR—pHROTOEY

B Tatyy

Intel 1A-64 Itanium (Merced), Itanium 2
(McKinley, Madison, Deerfield),
[tanium 2 9000/9100
(Montecito, Montvale) 7 &

AMD X86 Opteron (K8, fam 10h)

Intel X86 Intel P6 (Pentium Il, Pentium
Pro, Pentium Ill, Pentium

M); Yonah (Core Duo, Core
Solo); Netburst (Pentium 4,
Xeon); Core (Merom, Penryn,
Dunnington) Core 2 £7c

& Quad; Atom; Nehalem;
architectural perfmon v1, v2, v3

BEWNDT—FTIFvIEIBBLRNNYT—IDERYET, BN\ —I%
AV AR=ILLTLIEELN:

72 BEL/Nvor—

F—¥TIFv Rolr—

iab4 pfmon

7.3 perfmon D{E

perfmon ZH AT 2154, pfmon EFENZATVRSAY Y—ILEFIALTER
TOREHRINEEITRVET,

94 SRATLD/WEF1—ZVITHAR



3¥E2: perfmon & OProfile £y avORBHFERICDOWT

x86 P—F T I FvDIFE. perfmon Dtva> & OProfile Dy ave
ERICEHNTEIEIETEZA. —FEBFEVDHEEIF MAEFELEIETL
EEW,

7.3.1 1RV MEHROME

FEATTRERANRYND—EAEETBICIE, pfmon AT VRIC -1 A5 LTET
LTKEIW 8. 20 —EIZHRAMAIDO PMU ICE>TENRFTNERDZEISE
BELTLEIL

pfmon -1
ALAT_CAPACITY_MISS ALL

ALAT CAPACITY MISS FP

ALAT CAPACITY MISS INT
BACK_END BUBBLE_ALL

BACK END BUBBLE FE

BACK END BUBBLE L1D FPU RSE

CPU CPL CHANGES ALL
CPU_CPL_CHANGES_LVLO

CPU CPL CHANGES LVLT
CPU_CPL_CHANGES LVL2
CPU_CPL_CHANGES LVL3

CPU OP CYCLES ALL
CPU_OP_CYCLES_QUAL

CPU_OP CYCLES HALTED

DATA DEBUG_REGISTER FAULT
DATA DEBUG_REGISTER MATCHES
DATA EAR ALAT

FEBIODWTERBAEZRATWEEF. -1 ITHRITTIRU NG ZIBELEY:
pfmon i CPU_OP_CYCLES ALL

Name : CPU_OP CYCLES ALL

Code : 0x12

Counters : [ 45678910 1112131415 ]
Desc : CPU Operating Cycles —— ALl CPU cycles counted
Umask : 0x0

EAR : None

ETB : No

MaxIncr : 1 (Threshold 0)

Qual : None

Type : Causal

Set : None

perfmon2—/\—ROITF7R—2ADMHREEIR
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7.3.2 AT L2EICHTE Y avyOFEME

--system-wide A /L a3V aFRATEEEFED CPU (BAF/ILER) LTERT
INZIRTOTOALREERTEZIENTEET, ZDHEL. root TETITS

BEEHYFEABETEI—HFLNILD 2ARVMITHLTERICA>DTWS

T (-uATaY),

F7<. AL CPU ZEEH LBWRY . BRD VR T L2y av 2RBFHCRITY
B ZEBTEEYLEL ALYRZED Y av e RT LARGDEYYaAVIE F
BFICIEFRITTEE R A

TEEDHITIE, Itanium IA64 Montecito 7Oty H &R LU TIREL/ZFITT,
DRTLREDEYaVERTTBICE, FRRDOFIREZTRWET:

1 BFND CPU EyhaRHBLET:

pfmon -v --system-wide

selected CPUs (2 CPU in set, 2 CPUs online): CPUO CPU1

2 By avIilEINAERELE T, FieO—E Tl . UBOBITHERT 34T ay
ICDWTCERBAZ SR L TWEY GELLIIY Z a7 I R—VEBHHLIEIWN):

-e/--events
BIRLIEARYNDAETOT77MIVLETS , —EXZEET ICIE, 7.3.115
TR MERDEIF] (95 R—Y) ZHEFHAIEIL,

-—cpu-list
ERNKROTOy Y —EAIBELET . DL TavaiRELAWVGA.
FATREATRTOTOEy Y 5ERLET,
-t/--session-timeout
BERtyavoRITREZMEMTEELET,
Ta77MI ey avERAT5ICIE. EEOWT MO DAEEIFIRALES
LY,

s BEDANRYINEFERALETY:
pfmon --cpu-list=0-2 --system-wide -k -e CPU_OP_CYCLES_ALL, IA64 INST RETIRED
<{press ENTER to stop session>

CPUQ 7670609 CPU_OP_CYCLES_ALL
CPUO 4380453 IA64_INST _RETIRED
CPU1 7061159 CPU_OP_CYCLES_ALL
CPU1 4143020 IA64 INST RETIRED
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CPU2 7194110 CPU_OP_CYCLES ALL
CPU2 4168239 IA64 INST RETIRED

s MBI TRITHEEIEELET:
pfmon —-cpu-list=0-2 --system-wide --session-timeout=10 -k -e
CPU OP CYCLES ALL, IA64 INST RETIRED
<{session to end in 10 seconds>

CPUO 69263547 CPU_OP_CYCLES_ALL
CPUQ 38682141 IA64_INST_RETIRED
CPU1 87189093 CPU_OP_CYCLES_ALL
CPU1 54684852 IA64_INST_RETIRED
CPU2 64441287 CPU_OP_CYCLES_ALL
CPU2 37883915 IA64 INST RETIRED

s OXVRERGFLES . By avid 7Oy S L5 THIETHEIRNIC R
IN TOTSLDRT T2EEBNICELINET:
pfmon --cpu-list=0-1 --system-wide -u -e CPU_OP_CYCLES_ALL, IA64 INST RETIRED -- Ls -
L /dev/null
crw-rw—-rw- 1 root root 1, 3 27. Mar 03:30 /dev/null

CPUQ 38925 CPU_OP_CYCLES_ALL
CPUO 7510 IAG64 INST_RETIRED
CPU1 9825 CPU_OP_CYCLES_ALL
CPU1 1676 IA64 INST RETIRED

3 Enter ¥F—%W g &Y avZELLTEHIENTEET:

4 SEHEEREBLAZWVSGEIX. JHREAZATVRDKIC —ager AT VavEIEE
LEY:
pfmon --cpu-list=0-1 --system-wide -u -e CPU OP CYCLES ALL, IA64 INST RETIRED --aggr
<{press ENTER to stop session>

52655 CPU_OP_CYCLES ALL
53164 IA64_ INST RETIRED

7.3.3 BIFh DM DES

perfmon (FEIER DALY REZEERTHIEETIET, Thid EBNICRE DL
D% VRATLAT—EVPTOV S LEERTIGEICENLREETT . CDEE
iE, FTERDNROTOER ID #HIBTLET:

ps ax | grep foo
10027 pts/1 R 2:23 foo

HEWFRDODMN>ET7OERID &, pfmon ATV RD --attach-task #7F>avT
BELET:

perfmon2—/\—ROITF7R—2ADMHREEIR
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pfmon ——attach-task=10027
3682190 CPU OP CYCLES ALL

7.4 debugfs D5 DFREEHERINEG

perfmon & T\ T DAV —T A ATRRINTULSHEHERE IRETD
ZEHTETT . IDHETIR BLHEFHEELTD ATV e FEfRE L TERINSh
7,

F—HIADTIERIE, root T /sys/kernel/debug LATFICY OV hIhi, T/\y
TI7AIY AT L%EBLUTITRWVWET,

F—41% /sys/kernel/debug/perfmon/ RIZ CPU AT HEHELTVWET . *
NEND CPU ICIE, ASCHl 771V TT7 VA A 8ER EH DRI EED
SFNTVET, FEDIERIL /usr/src/linux/Documentation/perfmon2-
debugfs. txt H™SDIKKTT:

F 7.3 /sys/kernel/debug/perfmon/cpu*/ FICH BazAERY B 771/

274V L

ctxswin count PMU OV 7FRAMIYEZDEA
[EE=4

ctxswin ns PMU OV 7FAMIYEZZEA
IW—FUVATHEINFE (F/
==X V)

Average cost of the PMU context switch
in=
ctxswin ns / ctxswin count

ctxswout count PMU VT A MIYE Z DERK
k-4

ctxswout ns PMU V7 FZMIYE XK
W—FURTHEINERE (F/
M EAi)

Average cost of the PMU context switch

out =
ctxswout_ns / ctxswout_count
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771

BRER

fmt _handler calls

PMU DE|YAH %NS S, S
IERERBIL—F V7 (—R&REICIE
YT I AT BI—F ) DM
UHLEIEK

fmt handler ns

PMU %Y 7L ERER LI —FV
ATHBEIN/FERE (F /&AL

Average time spent in this routine =
fmt _handler ns / fmt handler calls

handle timeout count

pfm handle timeout() JL—F>
(FFER—ZADE—K THEAINZE
9) QMU LEIZK

handle work count

pfm_handle work() JL—F DML
UHLEE

ovl intr all count

A—RILHZIE LTz PMU EIYIAH
DO

ovfl intr nmi_count

perfmon HNoA—RIVDZEF LT,
R AN REREIYAH (NMI) D
B (X86 /N—KRITT7DH)

ovfl intr_ns

perfmon2 PMU Z|V) ;A AALIE )L —
FUATHEINRE (F/# &
v

Average time to handle one PMU interrupt

ovfl intr ns / ovfl intr all count

ovfl intr regular count

perfmon DEIV) AHNIE )L —F >
ML AT >7 PMU EIYAHD
[EIE4

perfmon2—/\—ROITF7R—2ADMHREEIR

99



100

771 L

ovfl intr replay count IVTFFAMIYBZDREARANR
VMY DYYBEZ RETHERET
Ih/c PMU EIY3AADEE

perfom intr spurious count, AWMRIAVTFEANMEHRIEFEELR

ovfl intr spurious count Mo7feHICETOHN, PMU %
L) A& DK

pfm restart count pfm restart() AAMEUHEIN (O
£

reset pmds count pfm_reset pmds() AEVPHIN/
G141

set switch count ARV My bDEIYE 2 [E1EK

set_switch ns Ty MIYBZIL—FUVATHES

N7 (F /M EAL)

Average cost of switching sets =
set switch ns / set switch count

perfmon MERITRIER TINLDIFREZLLERTDEVNIFEFEHYET /& AIE
TEDOEILTT—FERILET:

for i in /sys/kernel/debug/perfmon/cpud/*; do
echo "$i:”; cat $i
done >> pfmon-before. txt

RICHEED CPU ICRREL THRERERZITLAVEY:

pfmon ——cpu-list=0 ...

BET—9%HFKMLIT:

for i in /sys/kernel/debug//perfmon/cpud/*; do
echo "$i:”; cat $i
done >> pfmon-after. txt

FELE 2 DOEZLEERLEY:

diff -u pfmon-before. txt pfmon-after. txt

AT LDTEFI—=VTHAR



7.5 X5 B1EH

CDETIIBFEDHZFHAL TEL L LYFLWERICOWTE. EhENh T
DV FEBHRAIEEN

http://perfmon2. sourceforge. net/
7O kD Web R—ITT,

http://www. iop.org/EJ/article/1742-6596/119/4/042017/
jpconf8 119 042017. pdf
PDF X COERBATY,

B8E OProfile—> AT ALALEICHTZ 7077175 (103 R—Y)
FOMOMEESBEILICDOWVWTIE,. 255DFEABFTALILIN,

perfmon2—/N\—ROI7R—ZDMEEEER 101
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OProfile—> AT LLEICHd
3707745

OProfile IZBIMNAT OV S AR MET A HDTOT745TY ,EITHD 70
TILICHLTZDHEZREL. FRENETHIENTELIINELL 1B
I, EISABRBILZITAIODEV L THETHIENTEET,

OProfile ZERAT3ICH /> TE. Y= 4TSYEFRTEZLIIBIE L
Y. 3VIRAIILLELYTZREIIHYFEA I—RIVIIRHTBEEE FNET
$. 7 Nr—2avaETO774IV T RIGE. TO771IVEXDaRE FEER
ICELVETH . BEDOFEHSESETHNIL. CKDVEDF—1N—AYRKY HBEIFT
ER

8.1 BAHOBE

OProfile [, A—FRILRSANET —HEIRETBDDT—EVDLIEHRINT
WET,F7. Intel, AMD DT Oy YIRS Z, /RT4r—<T VR AoV s e
MEENBZN—ROTT7AFERLTITARWET, OProfile Idh—XILY H—RILE

Ta—=Ib . A—RIVDENARNY RSPV RATLDODEESATSY), TDHDT T
Dy—avBE, IRTOIA—RETO77MIVTBIENTEET,

mLnwyOevyThHNIE, R IOF—<T VRNV HELTN—RII7RED 7O
T7AINETRIZENTEFY . 7Oy ORBEBICELIVETH. 2D AoV ¥
NEAERINTOWTL ZTNTNATVIRRRDARVNET OV S LTS ZENTEE
T EEFNTNOADVYTII YU T IV AR T ZEEERTETD JENTEE
T NSWMEIFE L VIERICEIIT 2EKICARVET,

OProfile—> AT ARKICHTEHTOT715
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104

RERICEROUETIE. IRTOIFERENEL-HEDESTRLRAEZFEHREAIC
BEXMABEXEETRVWET,

8.2 {VAM—ILEEH

OProfile AT BIZI% oprofile /1Sy —S B AV ZM—JLLE T, OProfile 1
ZTNEh |IA-64, AMD64, s390, PPCo4 D&7Otyy ECEIELE T,

BE.TOa77MIVR{ROT T r—avIil L THEE I TL S, *-debuginfo
N —=I% AV ARN=)LLTHELLZEE BFHLET  A—RIILETOT7()LLE
WIBAEEERIC, debuginfo /Ryr—U %AV A M—)L LTI,

8.3 FI AT BE/: OProfile 11— 1Y) 7«

OProfile IFEBDI—T1UT4HLERIN. ThZTh7OtR07O771)L
NIBATRIEDE. ZOTAT7AIVT—I5NIBTEZEDICODNTWET, T
ECIR.AERTHERATIZE OIS LICODWT BEASRBALTWET:

opannotate
Y—Z2O—RPT7Ey7IIRH L TCEREREL. 7O77VIBRIIBOHAL
O VRTY,

opcontrol
TO77 Iy avEFIE BBYEL) LY, 77274057 —9%& 5>
TLIEY RS A—=FEFZRELLYLET,

ophelp
FETRELRARVND—EE, ZNOICN T 28 LHEERTRILET,

opimport
YU TINDT—=IR—=RT7( W% AL FIERDS RAT1T R
RIEHLET,

opreport
TO77AINT—IDBLIR— LR LET,

VRTLDWEF A=V THAR



8.4 OProfile D

OProfile [Fh—RIET TV r—>av Ol AETOAT74IVTEET , H—F
W& FO774I 925 E1E. OProfile ICX LT vmlinuzx DIBRTEIEELE
9, —-vmlinux 7723V E/EL T, vmlinuzx OIFFT (BE THNIL /boot
N) ZI/ELTHEIVW A—RIVED2— IV ETOT7MIIVTIRELNHDBE
(&, OProfile IR L THRHICMIBIEET DV BRI HYFEALEL . HOHLD
http://oprofile.sourceforge.net/doc/kernel-profiling. html (3£58) =&
ATEWTLESIW,

TNy —=2avETO7740T5E  BEIEH—RILETOT7MIILTE2HEIL
HYFEADT, ——no-vmlinux 77 2avEIEELTEREE BOLTHLIEA
BEIOHLET,

8.4.1 —IRH7ZFIR

E2EEHEVVTIBFETTOI7AINEITEIGER. FTFT—EVARZELT
F—ENEL. T —EVEFEIELTUR— NERTZ. EWIBENICRYET, &
DHEELVFLELE, FRDIIICHRYET:

1 YT)LAREFHLT root TAYAVLET,

2 Linux 1—RILAEFIBELTZO7740L 350 £ LIEFBESTICTO770)L
TEIIEROET:

2a Linux h—X I EFIAT37AO774) TV RERTLET. S
N opcontrol AV VRO IEEHEDA A= 774V EFIBT 2760 T
9

cp /boot/vmlinux-"uname -r .gz /tmp
gunzip /tmp/vmlinuxx. gz
opcontrol —-vmlinux=/tmp/vmlinuxx

2b Linux h—XIVEFIALAWSAIPMIV TEROIXVRERITLEY:

opcontrol —-no-vmlinux

HEEMD SR OBEMAERVHEITHRFEHAICSHLEWNGEIE, —
callgraph 77> a3V ERADHEOH LIBFREEL (DEPTH) %#BINTIEEL
X9

opcontrol —--no-vmlinux --callgraph DEPTH

OProfile—> AT ARKICHTEHTOT715
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3 OProfile F—EVAFEILET:

opcontrol --start

Using 2.6+ OProfile kernel interface

Using log file /var/lib/oprofile/samples/oprofiled. log
Daemon started

Profiler running.

4 FIEOEENZETLES. 70774 /RKOT7 TV r—avaBeiLEd,
5 OProfile 7—EVA{ELLLEFT:

opcontrol --stop

6 INEL/=FT—4% /var/lib/oprofile/samples LA FICHALET:

opcontrol ——dump

7 LIR—KEERLET:

opreport
Overflow stats not available
CPU: CPU with timer interrupt, speed 0 MHz (estimated)
Profiling through timer interrupt
TIMER: Q|
samples| %]

84877 98.3226 no-vmlinux

8 OProfile F—EV&E vy OV LET:

opcontrol —--shutdown

8.4.2 IRV MNREDHE

ARV MDREATRI O D— I AFIEZ FEROEYTY:

1 8 tDeY B 5ICIE, £ CPU-CLK UNHALTED & INST RETIRED DAY
MefgELTERLEY,

2 RMLRYIERBTB-OBEDIRVIMNEELTHERALES, 1RXVID
—EBAXRRTBITIE, opcontrol —-list-events ZEITLTLEXL,

BEDARYMINLTTAOIZ7MIETHRWEWESIE. £7 ophelp A¥ VK%
FMALT. BFEVDTOEY YL ZOARYMIFTHLTWENEI &AL TL
723\ (FEEIE Intel Core i5 CPU TOHABITY):

ophelp

AT LDTEFI—=VTHAR



oprofile: available events for CPU type "Intel Architectural Perfmon”

See Intel 64 and IA-32 Architectures Software Developer’s Manual
Volume 3B (Document 253669) Chapter 18 for architectural perfmon events
This is a limited set of fallback events because oprofile doesn’ t know your CPU
CPU CLK UNHALTED: (counter: all))
Clock cycles when not halted (min count: 6000)
INST RETIRED: (counter: all))
number of instructions retired (min count: 6000)
LLC MISSES: (counter: all))
Last level cache demand requests from this core that missed the LLC (min count:
6000)
Unit masks (default 0x41)
0x41: No unit mask
LLC REFS: (counter: all))
Last level cache demand requests from this core (min count: 6000)
Unit masks (default 0x4f)
0x4f: No unit mask
BR MISS PRED RETIRED: (counter: all))
number of mispredicted branches retired (precise) (min count: 500)

28, opcontrol--list-events AV VK TEREUHENEBLIENTEZET,
FEBTHBRLTWAIEERER LD, ——event AT 2aVTANRVINEIEELTE
TFLET BB . EHOA T avaigEddIEETEET, £ . 2DAT2avT
(AR hE (ophelp TOHA) & FEER (VT ILL—K) &2IBELE T /&
ZIETFERDLIICHRYET:

opcontrol ——event=CPU CLK UNHALTED:100000

$&45: CPU_CLK_UNHALTED ¥FEXMRICE>THOINBAER/ICDOWT

HWEBBRTY Y ) T 5 TRIE VATAICEVWARIEMNIBIEIC
BoTLEIFMN BAICL>TEIZY—XLTLEIZELHYET,

8.5 OProfile GUI O {EF

OProfile MIF®D GUI I&. root A5 oprof start AV R TR TEHIIENTE
F9 (B48.1TOProfile EIF GUIJ (108 R—) DLHICKRRIINET) . HE
EEERULAEWARYINEZBIRLMBTHNIE WOV BBELTLIEIN, T5E
FIVIRRDARYMD—EIL, FEDITNEBIMINET, F/. FNODITIC
IIAN—YVIEEDLEDE AT —YRITIINIVT Ay E—IDBRRINET,
Configuration X7E) ¥ 7%FET5E, \vI7& CPU A X TRE AL

OProfile—> AT ARKICHTEHTOT715
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AVIREERRETD TENTEEY, RIZIC Start (FA1R) 29 &, OProfile &
RITITBIENTEET,

B 8.1 OProfile [57/+ GUI
m Configuration

~Event:

| CPU_CLK_UNHALTED | Praofile kernel
INST_RETIRED
LLC_MISSES
LLC_REFS Count |598500

BR_MISS_PRED_RETIRED {UmmaskT

Start Reset sample files Save and guit
4

8.6 LIR—MDYERK

LR—hEEK T BR1IC. £9' 1% OProfile A¥ /var/Llib/oprofile/samples
FALIRN)RICY VT BALTWBZEABRLTEIW 8. Y VT H
7l opcontrol —=dump AX VY RTITARITE KN TEET  LR—MI . FhTh
opreport F7-l3 opannotate DAYV RTITRHITENTEZT,

oreport Z/NSA—S L TRITI 2L BEABEBRE HALEY/I5X—=%
ELTERITIFANERETDE ZDEITI7AIDD DIEROAZHALET,
C++ ERCEMMET )T —2avantis 5354813, ——demangle smart 47
2aveEIHMALEIW,

—7A® opannotate AV VR TIE, V—ROA—RHSFRIBER #HAHLFT, L
DEIRF T avHIBELTERITLEY:
opannotate --source ¥

--base-dirs=BASEDIR ¥

—--search-dirs= ¥

——output-dir=annotated/ ¥
/Llib/Llibfoo. so

x| Prafile user binaries

[Clock cycles when not halted

[Profiler is not running

-—base-dir A7 avilid. 2T I77MIIADT Ny T IERA FIATZY—Ra—
RD/IRRA&E AVIEYPYTIEELF T, I TIEET S/ R --search-dirs TD
EELVERNIEALET, --search-dirs 77> avid. V—ROA—KR45#HF%ET3

FTALIKN) B AVREYPIYTIRELET,

VRTLDWEF A=V THAR



FR: ERAEV—ROTRERMEICDOWT

AV IS DRBICHEEE R ET D&, TDEZDA T VavEgEPY—AO—NK
DIRREICES>TE LRI A—RDEERINZYEBIMIN YT 2I5ENHY
F9, http://oprofile.sourceforge. net/doc/debug-info. html (3B IEER
EBHMAIRY, EDEHIRIENRIDDINEH>TEWNTLIEIN,

8.7 XL 51ER

COETIRARENRRIPDOAEITHRO>TEEL L LYHLWERICDOWTIK. Zh
TN FEEDVVI% (FNTNHEFETY) 2B FHmA<IEILN:

http://oprofile. sourceforge. net
7O kD Web R—ITT,

IZaT7ILR—Y
BREY—IDATavIilDWT ELWHRANEI N TUWET,

/usr/share/doc/packages/oprofile/oprofile. html
OProfile D¥Za7I)LABEINTWET,

http://developer. intel.com/
Intel 7Oy Y DOT7—FFTI/FvEREAEINTUVET,

http://www. amd. com/us—en/assets/content type/

white papers and tech docs/22007. pdf
AMD Athlon/Opteron/Phenom/Turion BT D7 —F T I FviLixHEH
nTwEd,

http://www-01. ibm. com/chips/techlib/techlib. nsf/productfamilies/
PowerPC/
IBM iSeries, pSeries, 7L—RKHY—/\ U RF LIZHIT5, PowerPC64 70O
Y DT —F TV F RS EINTVET,

OProfile—> AT ARKICHTEHTOT715
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N—pNIV. )Y—REHE






— BN 2T L)Y —RAEE

SATLADF1—Z=VY (HiEL) T A—RILORBEIECEENDT7 T r—
23VD BELITTREIROBRVWERR VAT LEERTEIEAERKLE
To 12EZIEN—T 42 aVBERTFAIN Y AT LADERERETIE. H—NDOEE
EEN JUERIEINALYTEIGEDNHYTT  FH BEWEZELLY—ERD
BPEENR FERAELREECHBEICHETLZIENHYET,

9.1 1V A=V DEtHE

AV A=V EEBICERFREATROICET. HED BN THERAT BRI
ELREBEHOIS ERANREOAERIERTEZIENTEET . INIFVRTA
D Fa—=UTIDDBFEEELIEIEENVET . CDETIRET DHHRAMLEE
ELE T FNFNAVAN—IVEED 72X ,—IBE TITHRWET, F LIS B
AV AN—=IVERE] (BB1E YaST &F/FL/E1I,—I, 1) T7LUR) 2HB5H
ALTEEN,

9.1.1 8"—F4aviBE

H—NTHERTZT7 TV r—2avD&ERE N— ROV T7ERIKELETH,
N=T42aVFEFTIVOMRICHELET (LLELBVWARDAHTTN) , #F
FEORBRISHLTIERRZ/NR—FT 43V AEETRINETHB. EWNHTEIF T
DIY=aT I TIFELGGRBLTWERAN,. TNTNTERDEH %= /-IET
SYULWABEICHEREEREZETEIENTEE T EERAMIITDAN -V RT
L DFEICIE. FTEEDEHEB I HEIEIHYEEA,

— B AT L)Y —RAEE
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s TARY LTI BILHEBREDEZIREEEK LTIV, T1 RV %EHMRICLT
LESE HREAZRETIEICEN>TLEVET,

o J2EZIXTERODEIBRAET. HZAEIDTIERERRDZTARAIVICOEHIET
TEELN:

o ARL—=FAVIVRATLAEEET =Y AT IT7AIREIDVWT, ThE
NALDTARVEFERTELOICERETTS

o A=)LH—=RDRT—)L (spool) T4LIN) & BRDT 1 AVICERET
%

© A—HOR—LTFALIINE EROTALI N ICHHIES

9.1.2 1V AM—ILDFEH

ERRIIFAI VAN OEEZDEDOHNEFENICTIVDMREEICHETDII S
HYFHAD FRRN T —VHEHZBIRT B EIIT D REERLIHYFT,
Y—NEEMEIETBICHI> T R/INRDNN T —S DI %AV AM—=ILLTLE
IV, Nur—YOERERNRICIRDZEIZ. BEOFEERSTERNAHS
FH, BENREX1 T BEEEETBIEICEBIVET . TNThO
H—/NICRH L TR DEBEREITRITET, BETRAELR Y —ERERKB LAV
ZEICHRYZET,

openSUSE TIIMIVAMN—ILOBEBE CTI Y AN—ILEFHAERETEHIE BT
XF9 B ETIIREDHERIHIREINNY—VERIRTBLEIFTID,
YaST QY IRV IF7EBEY 12— /)LEFMALT v —JBAITORR%E 17725
CEHTEXEY,

HB—NELTERTRICHIO T ENETNTRONI— D RBEERDONET:

GNOME FX o, v 7155
Y—NRELTEMETZBZEIE. WhD GUI 2 EBEETBIEIIFIFEAEHYE
H A, GUI BB TH>7=ELTH, icewm ® fuwm 7 E JURRHFRAIER
BT I5HEITY,

X O1RNDOZ X TA
H—ROBEBEIATYRSAVTDOT I r—avETEFTRIEFTHN
£, ZDNNY—VBAV RN )L LBV EEBSEIOHLET, 7=72L. GUI 7Y
T—avERYNI—O L TN (VE—MD) I UDBLRETTDE HBET
HoTEH, GUI DAVARN=IVIIHBERDZEITERLTLEIWY, 2ExIE

AT LDTEFI—=VTHAR



BEVOT ) r—2avh GUI HHODEEULNMTIRZIEWEIR HDTH>
=Y. YaST @ GUI RZFERA LY WSS ZD/NRY—2% AV XAh—)b
LTHENTLIEEL,

R/ ¥
ZDNI—=VE ZDR I YD LHIRIZIT R B RICDHBEERDEDTY,
9.1.3 IO LRIV

X Window System ZE{73 5L L<DEREHBELTLEIELDTT A, —
= BFESEBICHI D THT LEMBEREDTIHYEEA. TDH. BFEVD
DRTLD Y—NERTHDHE. TVLRI)L%E 3 (X Window System ZEN{EX
B, RYMNT—IHETIIFIA—HE—R) ICKRETEIEEEHOLET . 5
Bh ZDJAETEVE—IS GUI 7T —a v aBEI§5IEIETEETL,
startx A¥YRT GUI TRV My TAO—HIOIAVE1—4 L TEREITSHIEL
TXE9,

9.2 RELRY—ERDMEHIL

BEEDA Y AN—=ILTIE WK DHD DY —ER (EDY—ERDRBEINZ DL,
VAR =IVEBEIKEFELEY) NEEINET . TNTHOY—ERIEHDEED
BiR%E 83250 THZ-HD . AERY—ERIIDVWTIFLEIETHELZE%
BEIDOLET, YaST > SR 74 > ZIXFLY—EX (SULN/I) > ZkFEE—
N EREIRL, Y—EREBEITEZE—RIIBELTLLEIW, YaST DTS T714HIL
(GUI) ix%x AL TWBIBEIE. TNV IT EITDADERY VT T IET ERE
ABETRHITE BN TEFT . CO—ETEY—ERD RS CEMER THEHNED
N H—NRDEED SVLRILTEDY —EZADNEIHINIZONMDRRIINE
T B —ERDBRAETAH W BEIE. ZNTNOY—EREIIRADERY Y
TREIRLTLIEIW, &, BI85 121 FF OROv TSI IURIVE|TE, 7
NZTNY—EREZTICHIBLAYEELAYTRIENTEIET L BANICENL
L7=WEB I, EvAhYUtvr DROYTI IV %E BFELNEIN,

TE2ICIE. openSUSE ZBEEDIRETAV AM—IL LG EICEMEINDS H—
EXDIB AREEBOLNZEDEHNELET:

alsasound

Advanced Linux Sound System Z5#AAE T B DBERELNELE
LAV BRI EMETEIENTEET,

— B AT L)Y —RAEE
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auditd
EBEVATARITDT—EVTY EEEZVEELAWVGEIE BEMtbd s
NTEET,

bluez-coldplug
Bluetooth T/XA ZADA—ILRTSY (AVE1—YDERNZEINTLDEF
ICIREZELTDIE) 2UIBTZ7ODEDTY, Bluetooth ZEFLTAL
HmEE EWETEIENTEET,

cups
HRT—EYTY, 7YV 9EaBHFETRWNGESIXEMETEIENTEET,

Java.binfmt_misc
*.class ¥ *jar DR TR IND Java 7OV S LERTTE/HDDEDT
¥, Java 7N T—avERIT LAWK EWETEIENTEET,

nfs
NFS 771N AT LER IV NI BBICLER Y —ERXTT  AETHNIL
EMLTDIEDNTEET,

smbfs
Windows %—/\H'$24t9 % SMB/CIFS 774V AT LDV NG DBDIC
WEBERY—E XTI, AETHNITEWILTEIIENTEET,

splash / splash_early
BERFORAT VY10 )=V aRRTDLODEDTY, H—/NELTEME
I3 BE BEIEFREREDTY,

9.3 V7AWV AT LETARITIER

N=RFAZIETAVE1—9 Y AT LR TREBVWT /NI R TH B8, £ Kb
LRy OREERYET, MEEASET B0, BEVDOEEARICHK L TEE)
18 I77ANY AT LEZHAIEIW e RO N ToavaERLE
Y, 7OERD 1/0 BEIEFEBRELEYTEIET, SOAZERILETRICE
L TEEY,

VRTLDWEF A=V THAR



9.3.1 774N AT A

openSUSE IXEHDT771IV Y AT LERBLTVWET, TNEh btrfs, ext3
ext2, reiserfs, xfs REEMEINTVWET , ETNTNDIT7AIV Y AT LITIEENTE
no MEERENEFEELTVET,

9.3.1.1 NFS

NFS (/X—3> 3) OFa—=>JIZDWTE. NFS @ Howto RFa X b

(http://nfs.sourceforge.net/nfs—howto/) RICFELWEREAD HYFE T, A8,
NFS HEDT IV M ETRIBRIE. ROV NAToav wsize & rsize ZERALT,
TNTh HAEIOTOVIH A X% 32768 IRELTHBIEESE#OLET,

9.3.2 7/t ABFK (atime) BH D HSHIL

7740 % Linux D774 AT LDSHRAALIZE  TIRDI7MIVDT IR
HEF (atime) NEFINE T, TOBR. FHAIAADHIDT I RAETROIEE
THEXAADUEBNREETEZIEIRYFET, ISILEIE, Vv—FIUEEEE &

XDI7AIWNY AT LDGEE. Dv—F I AEEFHITEIHNELRHD/-H, 2 ED

EXAANEBAFEELET, COMBEZRMEL. 77 EABREEHFLAWVELDIC
THIET. HREENEZETDIENTEEY, CNITFITT7MIL YT —/3% Web H—
INNRYRDT—=DP AN =V REDHRETHERALTWSIGE. HEREICENVET,

TOEZAABEOEFEEMETDITIE. 77MIV Y AT LD MEFIC noat ime
F7avEBELET, INETARIICIE /ete/fstab A EERETZIH. H LT
YaST /\—FT 4 a3V E T mELILBIMNAEITROIBRICFstab 77> 3> T
EETRVWET,

9.3.3 ionice ZMALETARIT I EZADE
ScIRAIERE

ionice AXVRIZBFEDTOCRICTHLTTARIDT IR BEIBLIERET
2HDEDNDTY, CDARVREFBTEIET LEAEN\YITYT Uadid,
FTARVBENE<EBICRBOHZUNBITT LT ARWMBEIBA AR ELZY §

BIENTEET F/, ionice AXVRIIBED ORI ML TELIEL 25
REULTARIANDT V2 A%ERFIITADLARITNIEARS R WNIEIC [IGT 5

— B AT L)Y —RAEE
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CEETEET . TNTNTED 3TEEDRT V21— IVEDERETDHIENTE
9

FARI
AT Ia—IVERDBTARICRESINATO LR MOTOEANT1RY
AENE BBEELTWRWZEICDOH TARIANDT IR EFTRITENT
EETS

NRANTT7A4—h
BETIE. 2TOTOERNZD 1/0 BEIBMICREINET . COXDT
[ ESITLRILD 0 DS 7 ETITHEINTVWT, 0 AREEVWVELIE
RIS TWET, BEETIE CPU D nice {EICEbHETTOERD 1/0 B%
JERIAEREINET,

U7 ILEA L
ZORXRPICBTED7OCRIE. BICTARIANDT IV A BENICES T
ED TEFT,ZORLPTEH ISIC0 DS 7 FTOLARIILICHPIEINTL
T. O ZREEWEBEIBAICAYET S, CORAEFBATRE. 70
AN FARVIT IV ERATELRLA>TLEIBENHYIBIEITEEL
TLEEEL,

ionice ICDWTC FHELWIAY Y RERPEHRBAAFOICIE, ionice(1) D¥=a7I)L
&_9%$§)b0—’7~< 7230,

VRTLDWEF A=V THAR



Fi1—Z VT X BIDLORETHIENTEET,

10.1 BB EEAETER

HA—x)IOaAvra—IJIV—
j

A—xIDavbO—ILTIL—7T (Tcgroups] EBELTRELEY) 1. 920 (7
OtR) 2FEHYDEILIZYTEIEDTESZH—RILDIEEET, F7OER%
EBETEEDTIN—TELTROIIEETEZAEATY, ThHDMEERE
Eix, MBAARERN—RIT 7R NI—VEREEMITSERTS 2D VAT A

AETIRITROLITAFFEALIT:

lcgroupl (¥ MO—ILT I —TDIEFRTY,

cgroup RTIFEHDYRY (7OER) HEEDIILNTVWT. ZNED YRS
BUFICERINTZNIA—SEEEICEBMET 2. BEDY TV RAT L NEFEELT

\l\gj_o

YT AT L cpuset ¥ freezer | XEURTARID 1/0 72 E%HEY YT 720
BRELLYTENIA—SZRHBLET  JU—MBREZHETHE, [ERIY

bO—Z1 ERVET,

cgroup IIABECHEBEEINTVWET, VAT LARICIKEROAEELF
D IENTERLILA>TWTC HEDRIEIGERT2LOBRLIAEE%E F

3523 TEET,

VAT LRATHET DT RTDYIRIIE BT WVWTNIHD cgroup DAREEIC

BLEY.

A—)OaAvsa—IVTIN—T
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10.2 >F)F

B RDDID. FEEDERETBE YT UA S FHEH<IEIWN (V—R: /usr/src/

Linux/Documentation/cgroups/cgroups. txt):

& 10.1 ERstiE

CPU vk 1 CPU vk 2
(60%) (20%)
8% ek
ry T4AX7 1/0
Hi% (50%)
%4 (30%) 1t (30%)
AT (20%) AT (20%)

*yhT7—21/0

WWW DBIE (20%)

i g
(15%) (5%)

RYNT—=D 7740V RT I (NFS) (60%)

ZD1ts (20%)

Firefox D& 572 Web 7595 DB E I Web RYRNT—I 0S5 RUHEBINET
L. (K)nfsd D&% NFS T—EVTHNIL NFS RYRT—0 0S5 RUTH4E IhFE
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9, —7. Firefox [FENETNZREIL/DOMIERF LT BEYR CPU X/ AE
VIS REHBLETS,

10.3 A bA—IWITN—TH TS RT L

TNETNTEROLIOIBRYTORTANEELTWT,. ZhHIL 2 84EIC 95ET BT
ENTEZET:

batidat =27 Sm b Nu bl

cpuset, freezer, devices, checkpoint/restart

ERIvhO—3
cpu (RTr¥a1—3), cpuacct, XE, T4RY 1/0, FvhT—24

YTORTLDIIVME, FEDIIICLTRIAICITROIZEETEET:
mount -t cgroup -0 cpu none /cpu
mount -t cgroup -o cpuset none /cpuset

—ETITEIBEIETEDIIIILET BB, T/NMRLZIC (FEET none &3R8 7E
INTWBER) DWTUL EEDRFIZ BRETHIENTEET  IITHEELE
ZHilx, /proc/mounts TRRITBIENTEET:

mount -t cgroup none /sys/fs/cgroup

HTYRT LT HEMIERIE TLOBYTY:

cpuset (9 Bf)
cpuset ZFATHIET,. 7OEREI R TLRN®D CPU DY TEYMP X
TY (TAEY/—R)) IHEVDIFZENTEET, EAIK 10.4.318 T
cpuset] (125 R—) B FTALIEIN,

freezer (1)
freezer YTV AT LT, SHEREETEM IS RS (HPC V5 R%) =#FHT 3
BRIC BRI AREEAH T BRI EINAF v ORIV MIBIELLBRIZS
W—TRICHZBTRTDIRI%ET)—X (1B1k) IELYIRVEAZIES
HYUTBIED TEDEDTYFELLIE /usr/src/Linux/Documentation/
cgroups/freezer—subsystem. txt ZHFHHALTEIU,

TEICRT DL, freezer YTV AT LADFERAEESIBT DD HEAXRH
RARVRETY:

A—)OaAvsa—IVTIN—T
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mount -t cgroup -o freezer freezer /freezer
# F cgroup %={ERK:

mkdir /freezer/0

# YER L7= cgroup ICH RV E/AT S:

echo $task pid > /freezer/0/tasks
t7)—XXtE3%:

echo FROZEN > /freezer/0/freezer.state

# 7U—XREERERT S:

echo THAWED > /freezer/0/freezer.state

Checkpoint/Restart (&)
cgroup ICB 929 RTOTORRICR LT TNEDIREEY Y T I714)VIC
RELEFT.ChEFHATLIE T . EOSRITEBRTLIENTEET (5
LARTBRICEDFFETULRITZIELETEEY),

Fro. MREINZIVTFH] IOWT BT VA RBEITHIEETEE
T (RETIVTITRITENTEZOERAUMEESE RELET),

TARTOTACADAA—=JE, T7AIVCHAINET,

TINAR (98
V2T LEEE, cgroup RDTOEANSTIEATERT/NARIC DL
T ED—BERETDHIENTEET,

CHIZEY, ZDTFNRARUIF L TDT IR EIEE LK cgroup ICBT S 4
AN L TDOHEHFETTBEDICHIR T B ENTEETELLIE /usr/sre/
Linux/Documentation/cgroups/devices. txt ZHFEALEILN,

cpuacct ()
cpuacct I& CPU OFAE%5TE 3250 O—57T. cgroup 2FATSZ
E THRIET V=TI L. FNODTIL—TIId 5 CPU FRKRAFTELE
9, 5¥L<IE /usr/src/Linux/Documentation/cgroups/cpuacct. txt ZH 55
HLEIN,

CPU (BRI
CFS (R4 ¥21—3) DT IN—T RV 21— )LigesFBLT. I —TETD
CPU BEIOHEBEAITHRVET  NRYEMAANIEBATLRVWET,
AEY) (BRI
e A—HAR—ADTATSALIRH LT ATE)DFERAELHIRLET,

o A—RILDEF/NTA—HIK LT swapaccount=1 2IgET S &, X
Iy T DERAEEHETEIENTEET,

VRTLDWEF A=V THAR



* LRU (Least Recently Used; fEEERDEW) R—I%HFIRLET,
« BRAR—VETFAINFryiaalRELEFT,
A—FIDAENH L TEFIRZITRVEEA.
BETHNIEMMDO Y 2T LATEFAINET,

¥ L<IE /usr/src/Llinux/Documentation/cgroups/memory. txt ZHEEH<
7230,

70y 1/0 (BRI
blkio (7Av# 10) A hO—ZI&. T4ZAID I/O0O A bAO—5& LT HAT
EBMLHEA T, blkio AV MA—STIX. TARIDEREE% FIHT 5720
DRV —5BETDHIENTEEY,

blkio.weight DIETEY (weight) 58 EL. BEHOEXMIIEEZRET D%
EIXEAROAT VN TERETHIENTEET:

#t /sys/fs/cgroup I

mkdir /sys/fs/cgroup/blkio

mount -t cgroup -o blkio none /sys/fs/cgroup/blkio

# 2 DD cgroup DEFLE

mkdir -p /sys/fs/cgroup/blkio/groupl /sys/fs/cgroup/blkio/group2
t EAMTITORE

echo 1000 > /sys/fs/cgroup/blkio/groupl/blkio.weight
echo 500 > /sys/fs/cgroup/blkio/group2/blkio.weight
P ZnThoJIL—7Iiw LT, #ETICE 7020
# PID A& XA

command] &

echo $! > /sys/fs/cgroup/blkio/groupl/tasks

command? &
echo $! > /sys/fs/cgroup/blkio/group2/tasks

TEEDOHIL, blkio. throttle. read bps device T FhAAHFED LIR%A,
blkio. throttle.write bps device TEXIAAEDHIEAITLIBEEDE
ARV REITY:

t /sys/fs/cgroup RD%EfE

mkdir /sys/fs/cgroup/blkio

mount -t cgroup -o blkio none /sys/fs/cgroup/blkio

B IL— T —=TIIRT 27 /1\1 20FEIROEE; X

# <major>:<minor> <byes per second>

echo ”"8:16 1048576” > /sys/fs/cgroup/blkio/blkio. throttle.read bps device

FEEEPUFYAGBIND/IRSA—FIZDWT 3 LLIE /usr/sre/ Linux/
Documentation/cgroups/blkio-controller. txt ZHHMALLE I,
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Xy h7—21/0 (BR#H) (Draft)
TR,

10.4 A A—57IWV—FD{EMH

10.4.1 E¢4

cgroup AEFICHEATBICIE. FEEDBIM/N\vTr—I% 4V A=)l LTS
LN:

« libcgroupl: EREBEEABIZILTD/-HOD EAMAI—HFIAR—Y— LA
SFNhTVET,

« cpuset: CPU Y NEBIRTB/-0D cset V—ILAZFEFNTWET,
+ libcpusetl: CPU Y h2#E/ET27-6DD C 55 API B’ ENTVWET,
+ kernel-source: RF XV NEFOIGEIC BER/N\vT—ITY,

o Llxc: Linux @OV T +EETY,

10.4.2 BUIRDHEER

openSUSE ICAMIN TWBA—XILTHNIL, cgroup ICRIBLTWET, 4
ICEIMDEBEZBERYT2LEIIHYEEA, Ixc-checkconfig ZR1TI5E, Tad
DEOBHAT cgroup DIRIEERRTDIENTEET:

-—- Namespaces —-—-

Namespaces: enabled

Utsname namespace: enabled

Ipc namespace: enabled

Pid namespace: enabled

User namespace: enabled

Network namespace: enabled

Multiple /dev/pts instances: enabled

-—- Control groups —--

Cgroup: enabled
Cgroup namespace: enabled
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Cgroup device: enabled

Cgroup sched: enabled

Cgroup cpu account: enabled
Cgroup memory controller: enabled
Cgroup cpuset: enabled

-—— Misc ——

Veth pair device: enabled
Macvlan: enabled

Vlan: enabled

File capabilities: enabled

EDYTIRT LD FIATREBRDONZHBICIE, FEezETLET:

mkdir /cgroups
mount -t cgroup none /cgroups
grep cgroup /proc/mounts

TNETNTRDOY TV RATLALFATEZY: perf_event, blkio, net_cls,
freezer, devices, memory, cpuacct, cpu, cpuset.

10.4.3 $l: cpuset

ARVRIAV%FRTEE A TEDLIICLET:

1 CPU #&HIRILY., AE) /—RERESRLIZY T BICIE, hEh /proc/
cpuinfo ¥ /proc/zoneinfo 77 I OHRBERRLET,

2 RIEET77MI AT LRI cpuset FHDEEEERLET (IBIRIR: /usr/src/
linux/Documentation/cgroups/cpusets.txt):

mount -t cgroup -ocpuset cpuset /sys/fs/cgroup/cpuset

cd /sys/fs/cgroup/cpuset

mkdir Charlie

cd Charlie

# 2D cpuset THEMATS CPU D—EBABRELET:

echo 2-3 > cpuset. cpus

# 2D cpuset THEMATBAEY /—REZRELZET:

echo 1 > cpuset. mems

echo $$ > tasks

# anTH T )L "sh A Charie &S KZRFTD cpuset 1T
tREINES, FTL%ERTT & /Charlie’ ERRINBIETTY:
cat /proc/self/cpuset

3 cpuset DHIRRIZ TFERDLI AT TILAT VY RERITTBIETITRVWET:

rmdir /sys/fs/cgroup/cpuset/Charlie

A—)OaAvsa—IVTIN—T
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LD URIE, cpuset BMERFDIEE tdat%%lbi?'oéwfﬁ%ﬁ?&? I
IC.ENLIZE T HANER cpuset YA RY (FOER) ZEYRWTLEIWL, T
SEEDEIICRTIEE. TNOEMIRTHIENTEEY:

cat /sys/fs/cgroup/cpuset/Charlie/tasks

Documentat|on/cgroups/cpusets. txt ZHEFHAHIEIWN

cset V=L EFRATBIGEIETEEDLOICLET:

#f CPU BtEXEY /—RDERT

cset set —-list

it cpuset #EEDIERK

cset set --cpu=2-3 --mem=1 --set=Charlie
#f cpuset AT O R %iEE)

cset proc ——set Charlie ——exec —— stress -¢ 1 &
it BBl Ot % cpuset ICHBEN

cset proc ——move ——pid PID --toset=Charlie
#f cpuset RDY XYV —EAEKRR

cset proc —-list —-set Charlie

#f cpuset DHIR

cset set --destroy Charlie

10.4.4 #l: cgroup

ARVRIAV MBI EHAIE TEDLIICLET:
1 cgroup DEEZEEMRLET:

mount -t cgroup cgroup /sys/fs/cgroup
cd /sys/fs/cgroup/cpuset/cgroup

mkdir priority

cd priority

cat cpu. shares

2 cpu.shares DEIE TERDLOIBEKRAHYET:

+ 1024 H*BXEE (2L <IZ /Documentation/scheduler/sched-design-
CFS. txt #&HR) = 50% DFEHAXR

« 1524 = 60% DfEAZR

. 2048 = 67% D{FEAX
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« 512 =40% DfEMAR
3 cpu.shares #ZEHLET:

echo 1024 > cpu. shares

10.5 I551EH

o A—RILDRFAVFT—3V: (kernel-source /Xvr—I ) /usr/src/
Linux/Documentation/cgroups 4L 2 ) IA:

» /usr/src/linux/Documentation/cgroups/blkio-controller, txt
+ /usr/src/linux/Documentation/cgroups/cgroups. txt

» /usr/src/linux/Documentation/cgroups/cpuacct. txt

» /usr/src/Llinux/Documentation/cgroups/cpusets. txt

+ /usr/src/Llinux/Documentation/cgroups/devices. txt

+ /usr/src/linux/Documentation/cgroups/freezer-subsystem. txt
» /usr/src/linux/Documentation/cgroups/memcg test. txt

o /usr/src/linux/Documentation/cgroups/memory. txt

« /usr/src/linux/Documentation/cgroups/resource counter. txt

e http://lwn.net/Articles/243795/—Corbet, Jonathan: Controlling
memory use in containers (2007).

» http://lwn.net/Articles/236038/—Corbet, Jonathan: Process
containers (2007).
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BREE

EREBEF BROVATAILEII2EHE/LIEE. ITRILF—HEEICH
MBARNERBS L. FARICV AT LD AN ETRITODEHEATYT, DD,
BREZBEVATLAICHIEREOMERERFLEBANDNT Y% BLKRDS
BEICRYET . BREEBII VAT LADKRLIREMCERTEIIEN TEFET T
NARIHTEEREEEEDERY. TOEREEMEEICHTS AL —F 1
VIV RTLANTDAVI—T A ADEEWRIE. Advanced Configuration and
Power Interface (ACPI) ELTIREINTWET, H—/\ARICBITEEE A
FILFOEvY ECRIBTEZEDTH D7D, AZETIEEABENICEATIEHRD
DITY—ILP EENRTA—YDEEIIDOVWT BNLTVET,

11.1 CPU ILBII5BIREE

CPU T2 FECEIRHEEZGETIIENTEET 2 X 7Oy %
—BFEICEMEIE Y (C-RT—N) . CPU DEMERREEZE LAY (P-AF—
N TBIEMNTEBIEN. CPU DIFEEZZELY (T-RF7—K) $§5I2&EETE
T, FERDETIX. ZTNFTNhO77O—FICE I ERPAE, ThOOEEN
ZERBALE T, JYUFFLWMERRERBRZ CHEDIZE L, http://www, acpi. info/

spec. htm ZHFHMALEIL,

11.1.1 C-RF7—bM (FOEy Y ORERRE)

mLnwyoevychhid, C-RF— h EEEND BEHNE—RICHRLTWE
T, INIF FHEINTWWRWCPU N OVR—RVMNDEREZXRETIETEE SN
HRIFTDEDTY, C-AT—MEL ZOE. SvT Ny THDH TR H TEDHRET
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L7 Y — /R ETHEERATES SO TVET (&AW Intel* OBV H T
(&, Nehalem EEENZEHEDTOEYHHOFATES LOICHR>TVET),

Oty C0 RF—FTEMHELTWBIHE. ChiL ASHADHSERTLTL
BZEHRLTVWET . ZOMD C-AT—MDIFE I FICERTIRIGSHIEAS
NTWAWIEERLTWET X2, CILEHECEDS HEYUBEWMEE, LVRO
REILHDZIEETRL EBBADLDICEYZLLD TVR—FV M FHIREEICE
PMNETEWNEFEIREIFELYEABHICRYET A FHEREDRITNIEEN
IFEETEOEENEKR (DFY C0 RTF—MIRDEFTORBENIRL) AYET,
AT —MIEo T, ESICHDPVWEBALANILERETZEM T, HTE—R% IR
HLTWBIBEDIHYET, ED C-ATF—RMPHTE—RIHBLTWS AL 7’0
TYHICL>TERYZFTH, C1ICDWVWTIEEIC WIELTWET,

F11.ITC-Z7—hk] (130 R—2) TIE —BBYICERINTWVS C-RF7—MC
DWTERBAZRLTWET,

#71.1 C-X7—F

E—FK BB

(o{0] MEE—RTT, CPUDTARTOO
VIR—ZRVMIBRIFTBEAINT W
2IRRETT,

C1 E—ERPEDFEIRRETY . VIhY
I7% L7z CPU ORERIOYIH
FIELET NRAVI—T(RE
APIC 7L AE—RTEIMEL#RITE
ER

C2 N—RIITF7%A L7 CPU DHER
XMvyavohEiELEY, 70O
YA EETE.VINIITHS
FIEE AT RE AR BB LRI N 91,
V) AT LD REDERRRIC
& LUYRWIEBEIADNET,

C3 IARTH CPU RER Oy %{=1EL
9. Oty HidEEDFvya
I DWTO—BMARELAE
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E—K L

YFETH, ZOMDIREIIEE LK

79, 7AEyHICE>TIE C3 R
F—MIEHONYIT—> 3V hE

BEINTVWT, BYVIAAICLBEH

REERRRICHIBEENENRETN

BRYET,

11.1.2 P-R57—h (FAEY Y DOMEERE)

IOty HEIERREICHD (CO RT—NK) 154, CPU I LTEREERE (P-R
F—RN) BTRIIENTEFT, C-ATF— M FHIRREA R ETDDICT LT,
P-25— N X CPU @ BNMERREBEICEATDMREREETRWVET,

PICIRSEUEN REZIFTNIEKEWZE SVBEVWRFRBEBEVWEET O YA
EMETBIEICRYET . P ICHKBUER T Oy YEEDEDT, ENEF
DOREEFEBREICRDOMNME, 7OV HICE>THRLATY L PO IEBICKRS
DMREAIRETDREEIBLET T, P-AT—MOEENKZIFNITREWVNZ
ETOEYyHOREREMESRY, ZheE EHICETEEENIKRYET  E&xIE
P3-Z7—MIH27OtyHiE, P1-AF—NMIHZT OV HICLERTEMENE
LEBIEBLNIWRETY, F2. 500 P-R7—MNCEIMET 2121, 7’0
YU DEIMERTHS CO-AT—hTRITNITRYFEA B, CPU D P-AT7—
M& Advanced Configuration and Power Interface (ACPI) {£#k (http://
www. acpi. info/spec. htm) THREINTWET,

C-2F—h& P-2F—MIZNE R LB TT,

11.1.3 T-RAF7—b (FAtYy Y DOREERE)

T-27—heE. TAEY Y ORE EREFHTHICTDEMERIRE%E<TS K
RBEEITEETT. CNIIBEEDEIET CPU OEIMEZEFIMISRERIES 2&
TRBELETIHEREE T1 (CPU (S L TREIBR SR 2T A H R VARR) B
5 Tn EFTOEHEANFELTVWT TNETN n OBUED KEFITNITKREIWVFE R
EIDESHKREARYET,

BEBOERETIIBEDRAEATHRITEE AL, CPU 2—ERR/S TS
w2 THEATHZ-HD WIBET T TEEFTORBIRIRZIEN. BEAEVND
BEERTIEURRICARBIEITER LTIV,
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Fre T-2A7—hIEICEE LR ZMCHRZHFLTHATZEDTY, T-2
T—ME C-ZT7—hD#HIT (LYUBWV C-RAT— M DFH%1T) ZBAET2HED H
278, C-AT—HMMIMIGEL7 CPU DB EIF DA THEENZBPLT LE
IIHGEDHYEY,

11.1.4 ¥—KRBE

HBHEFEN S, CPU COEBRHBEEEMREDFa—= /& EIECREREFE 72
FOETIHA<A>TLEVELA FF LW OBy Y DIBE. TNITINAT tREE
BEADOEAICDWTNS Y RERDLODICEVWR) —TIREE LD FARE
FEAFERAIN IGEICE > TIER B E LIF2158EHDLOIC RYFELE &
D AMD* &L Intel* 7Oty H TlE, ¥—HRHEEBE (Turbo CORE* ¥ Turbo
Boost* EMIENTWETY) AMREIN FFED CPU O7 D REIRE=ENBICIEIN
IE2—AH. FOMOIATELYFEVRY—TREIC BITIEZLIICAR>TVE
T INUITEY . BMRRALYRNICH T2 MREE LIFRZENTEE—H REERETE
71 (Thermal Design Power (TDP)) Z#5f §2ZENTEBEIITAR>TVET,

LA S, ED CPU O7 W49 —HREEEEAFI L CRIKE = LIF 2D HIC DL
TUE T —FTIOFvICKREKELE T CDLOBBEEEAETMITTERTS DD
FEICDWTIE, 11.3.118 Tcpupower W—ILDER] (136 R—Y) 2B FHEH<
EX,

11.2 Linux 71—V @D CPUfreq 1>/7
ANV F v

TOtyY DREERE (P-27—b) 7Oty Y OBIERE (C-27—H) i, Z
hEh IOty 2 RABERERICTYER LY BREREDRBDI
BEABELLYTBHETT,

AT LOFEF. BNICTOy Y ORIRHEZE T 5I1CH7->TE. CPUfreq
AV ITSANSIFvEFALT B#BNELITHNAERR) D —E2RETHIED

TEET, ICTFEAINSERIVER—RVME CPUfreq #7274 (A—LAR
ILDRMAFRDS NALRILDRY D —EREICEDEFTONANR (V59—
ARERBTZHTORT L) DIFHN A—RIVABDFESS (Fre/k HIrR4ET
CPU DRERMAEZE T BRI —R—ADFER) Y. TNS5DOEAMIC T2

728D CPU BB DRZANRENHYET,

VRTLDWEF A=V THAR



BFEEZHMIGRE L TREEZRETIETEHRBNEZRRTHIENTES F
NREREBERSTIELTEEY,

11.2.1 A—R VAR ORESR

HOMLHARIN CPU ERFIHDARD 1 DELT A—RILAED AEE
2 (ANFT—EEHVET) 2FBETEHIENTELY, CPUfreq D FAZEESIE. A
RBMDEBREAENDREEAITROMRIC P-AT—MEFIA LET, B EEESS
&, CPU ICRL TR EEINSMeEAF /T EH T, BIMIC CPU DREKEE AL
VEBZFET . INODREREIHRIVA X% THROTHIO WA AITARIED
TEBLDITR>TWET,

CPUfreq ¥ 7Y AT LTI, TEEDRBELZFATEIENTEIT:

MREE R B ST (Performance Governor)
RABRDMREARIET 57/, CPU OBERAKBIIRSEICEEINET,
ZDDH, COREFTRIEBNADEERIZITADNRVNEWNDIZEIC BYFE
ED

Fa—=UJFTav: ARENMEATIRKORRMEEE BRETDHIE
DTEET (Fc& A cpupower ARV RZAVY—ILEFIRALTITROIIENT
TFY),

LENERBFAEE (Powersave Governor)
CPU OBFAEHIIRIBEICEEINE T, CORERE. TOtvHD &
FICARGCARBABAEINTEREINGZVIEDL, HEEANDRHED
ROARIKHFRETIRABRICAVIT,

L. COARBAF AL TCEHFRYDEBHERETIRWVGED HY
T4, INIE—MBIIC, C-AT—REFALLE—AKRLEDIFIANLY LVWEE
NERIFTEBLHDTT . AENEREFARRZIEALT SERREER %
/NROEICEEY 2. TNEITRERNEBAITRIDIC FEALSHINET
ENWRDBI=O VAT LD C-AT—MIABZETOREE R<RVET,

Fa—=vJFTav: ARENMEATIR/NORRHBEHEEERETSD &
MNTEFXY (Fe&x IS cpupower ARV RSAVY—)LAFIBLTITAIZENT
EFY),

o7 REEAEE SR (On-demand Governor)

BBIC CPU BMERRB AT 2 h—RIVEER)—TT FEERIT 7
Ay OFEARZERL FEDOR (LEW) EZBASERESHED BIFL.

BREE
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AL EADRIRBICKRELE T ERAEIMFEDREEZ TEZE. F
R 1 BE T ET . ISIERARMEVWEITH25EIE. RIMEICLD
FTERENICARBEZ T RmITET,

openSUSE TlE. AV 7YV RBIDARBZ N EMBICA>TVT, o2&H4L
TANINTVWET,

Fa—ZUJAToay: ARBINERT RS, RESIMFERARE

FrvydBE. BLOARETROBOFERAXROBELXTNETNERETS

CENTEEYT  F/A VTV NBIEAEESITIL, ignore nice load &M (X
DIEHRAETHIEE TEFTL.ELLLE FIE11 7Oy ERRICEITS
nice IEDEHR | (141 R—D) HEHEALIEIN,

{R=FRUZEEESS (Conservative Governor)
CORBRIIA VTV RBEDEDICEAHAT, 7Oy OFEREKIC K
CTHERBRZRELE T 2 LEK A LIT2156101E. &Y ERERA
EHEATEISIICH>TWET, 7Oy OFEAERNMEED HEAEBAS
& (AT RBIOARRMIITRILIID) ICIKEKREE RETDIIEIE
ORI ETRERBVWERN AR ETDLIICA>TVET,

Fa—=oIFToay: AEBNMERTIRRBEECARSENMEAEE
FIvII R FRRORECARBORERMBEZINETNRETS J&
HTEXT,

11.2.2 B&ET2I771)LET1LINY

BFEVNDY AT LT CPUfreq 7V AT LNERIEINTLONIL (openSUSE
TIIRETEMEINTWETY) . /sys/devices/system/cpu/ T4LIRN)LLTF
ICBEE T 2771 TALINIDEETSIETTY, £ 2OTALIMN)AD
ABE—BRRTDE, cpu{ld..x} EWIBTFALIRNIDE CPU ICHLTEE
LTWT, ZNUUMITE WKDODDI7AMILDFEETBIENDLIVET, IS Z
nzEho7otyty OFALIMNILLTICE cpufreq EWDIHYTTFALIRNID 7
FELTWT. ENEN CPUfreq ICEAET /A A=Y EAITRITEN TESL
N2 TVWET, ZNEHDIEDWLL DD (root T) EXAAD ATEET, Zh UL
NIFZARAAEBICHE>TVWET  BFEVNDVRTATE YTV R FHER LR
FRGARBRAZFALTWSIZEIE. cpufreq LTFDTALIRIIC GRERITED
YITTF4LIRN)DEFEFELTVET,

VRTLDWEF A=V THAR



X 7Oty HicHd 3R EEBICOWT

cpufreq TALVRNULLRICERET 2K EIF 7OV HICE>TERYET. T
RTO7OYyHICHLTRLUR) >—% BELZWESIK. ThZho O
Y RICNSA—SERETINELNHYET, b IRIEDRE (/sys/
devices/system/cpux/cpufreq T4LOVKJR) 2FEEXTESRLAVEEREL
U BRHYIC, cpupower v —T ZRIHTEIEEHEHLET,

11.3 BREAROBREDHK,/E8,/
Fa—=4

ERBEROBREICOVT. BAELEE, Fa——VJAaT 452, Feeoavw vk
SAVY—ILHFATEET:

cpupower V—)LDER (136 R—)

FLIRHINB LI > 7= cpupower W—ILiE, ROV THIET
g7 £2T? CPU BIREAMR®D /NS A—=HIIDWT Y—R (F/ET—RN)
REEZEUOHBEERRTED JDIEETINTVWET . INHDY—ILTIE
CPUfreq 17 Y 27 L% cpuidle 7Y 7 LD A, R P &R
REREIIBRDABRVWEREIC DWTH, FIfEIAITARIZENTELT . ZDLI R
BRIL—LT—ID FHAIEY A—RIVEBED/IRSA—HEN—RIITT
DIFETEROEAIC PO ERATES/OH REREDR Y FI—0%&TROID
IERM LA RO TWET F e Y —RIRECEFRREDKFEEFR %R
RBHEEEEHVET,

powerTOP ZFIFA LB HEDER (139 R—2)

powerTOP (32 RIBHBEMNSDFER (FOT T LT INAARZA /N h—

IV A Tave, Oy DR —TIRENSDEIREIVAHIDOWT. Z
D EVPEERODER) 2l EHE,. 1 DOBEEARICKRRTZIEN T
XET, CNICLY. FREICEVWERBEICOVWTRRAZE LY (& A,
7Oyt DOR—TREASFRIERL WS TOEREZRFARLY) $52E
NTIBIED, INSELETE/ODY AT LEREDREILICOWTERE

B TRWET,
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11.3.1 cpupower *Y— )LD EFE

cpupower /Xy —I AV ZAN—)L §B&, cpupower THREZHTOAT Y REF]
HATE3LDI1C 2YE T, L<IE cpupower —-help THRERIND AT ELLIE
— R~ =27 )L R— man cpupower M BHTATVRODTZATILR—Y
man cpupower-#%# 77 v > N HEFHRMLIEIL,

cpufreg-info % cpufreg-set ELTEALTWEOTVRIE. ThEh
frequency-info & frequency-set DY 7 ATV NICEBZIMABIENTEET,
272U IR BDERINTWBIED, SCEPEHEICODWTETDEELH S
ZEITEFRL TR

cpufreg* & cpupower DI ZEDE

s OXVR%EEATS CPU BESZIBETRIHZE. WITNOITVRES ¢ F
ToavEaEFERLET LU TaTUREEIC LY, ¢ AELIREBMA
cpupower TIEFEDR>TWET:

cpupower —-c 4 frequency-info (cpufreq-info -¢c 4 ERILEBKICARYET)

cpupower TlE ¢ #FIALTEA 95 CPU A8 ELZF T, & A TEEmna~
VRTIK.FhEN1,2,3,5 DR CPU ICREABERIIEKICAYET:

cpupower -c¢ 1-3,5 frequency-set
« cpufregx & cpupower % -¢c A SV avVELTCEITLASBE. BIENELRVYET:

cpufreg-set Tld. BEIBIIC CPU 0 ICKH T 20IEE L TRRIRTB2DITHL.,
cpupower frequency-set TIE2T®D CPU IS T HUNIBEBRIRLET F /-,
cpupower *info ATV RNICAEIBELAEWGEIX. CPUO ICOATIER §5
DITxF L. cpufreg-info (L TD CPU IC7V+ER LET,

11.3.1.1 cpupower ZFIF LB EDREER

cpufreg-info &E LK. cpupower frequency-info TH, H—RILNT FEEX
NTW5 cpufreq RZM/NDIREHERARR T HIENTEET, INITIAT,
cpupower Tl BIOS TH—RILEE (T —ANMEEE) ICHIGELTWSHEIDERT
THIENTEET, MEATVavERELARVWTEITLASGE. BAIRTEOL
DITIRYET:

AT LDTEFI—=VTHAR



A 11.1 cpupower frequency-info DH 715

analyzing CPU 0:
driver: acpi-cpufreq
CPUs which run at the same hardware frequency: 0 1 2 3
CPUs which need to have their frequency coordinated by software: 0
maximum transition latency: 10.0 us.
hardware Llimits: 2.00 GHz - 2.83 GHz
available frequency steps: 2.83 GHz, 2.34 GHz, 2.00 GHz
available cpufreq governors: conservative, userspace, powersave, ondemand, performance
current policy: frequency should be within 2.00 GHz and 2.83 GHz
The governor “ondemand” may decide which speed to use
within this range
current CPU frequency is 2.00 GHz (asserted by call to hardware).
boost state support:
Supported: yes
Active: yes

27TO CPU IR BREMEERRLIZWIEEIE, cpupower -
c all frequency-info &EETFTLTLEILY,

11.3.1.2 cpupower ZRIA LI h—R I RIFRBOR
7N

idle=info 73TV RTIH A—FILATHEAINTLS cpuidle KSA/NIZE

TOMETEHRERTIDIENTEEY, cpuidle h—FRIL TL—LT—IITH G

T —FTIVFvTHNE . £2TDT7—FTIFvTEIE LET,

A 112 cpupower idle-info DL 1B

CPUidle driver: acpi idle
CPUidle governor: menu

Analyzing CPU 0:

Number of idle states: 3

Available idle states: C1 C2

C1:

Flags/Description: ACPI FFH INTEL MWAIT 0x0
Latency: 1

Usage: 3156464

Duration: 233680359

C2:

Flags/Description: ACPI FFH INTEL MWAIT 0x10
Latency: 1

Usage: 273007117

Duration: 103148860538

il

xoe
S
S
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11.3.1.3 cpupower ZFIFALi=A—RILEN—FDI T
REDEER

cpupower CERE/NTZILARYEEEM monitor 7TV RTY, Oty HDiEgE
PREKEH #HRETHIEIN BEOREBRICEII2BRIREOHKEHERERTT
BZE D TEZT HEDRRERERRIE 1 WTEA, -i A7 avaigEds2s
TEEITBIELTEET, . AY—ILTIRERNDTOEYH DR —TFIREE
EREE ATV HE REINTVET, INBIEA—RILOBEHERNSDIEE,
N—=ROIT7 LY RYDEISEFNEFNRELZETT  FIARRERE=SIF. &
FEVD YRFLDN—RIITIKEFELET FIARTRERE =9 ERRT DICIE,
cpupower monitor -l AY YV RZEEITLTKIEIW (ERIDEIATREREICRE T 550
BAIX. cpupower-monitor DX =27 )L R—=IEHFHH LI,

monitor H7aATVRNIZ. FEDAMIIT L THRED RVYFI—I5RITTDIE
NTEBIEN A—RILDFEHERE N—ROTT7OHEHERE LR TZIEET
REE R

A 11.3 cpupower monitor DH T4

[Mperf || Idle Stats
(1) (2]
CPU | CO | Cx | Freq || POLL | C1T | C2 | C3

0| 3.71] 96.29] 2833|| 0.00] 0.00| 0.02| 96.32
1] 100.0| -0.00] 2833|| 0.00| 0.00] 0.00| 0.00
2| 9.06] 90.94| 1983|| 0.00] 7.69| 6.98| 76.45
3| 7.43] 92.57| 2039|| 0.00] 2.60| 12.62| 77.52

0 Mperf I—ERFBERTD CPU OIFHREEEDIFEH, 7T— MNFD EFEEL
HRALET. CNICINA T, CPU DEMEIRRE (C0) SAISHNDR)—TIKRE
Cx) IEDWT, ZNTI O REMNAEISGERRINE T BEEDIRINERR
1 T HEIRN—RITTLIRIDSEERMAINE T, ¥ —HRIRE
BIOS TEEINTWS®). IICRTIHIEEITEIEAY— R k%
BomLwIOty g4, Mperf IZ4FED CPU ICEIT 2 BIREIGHR
HHRERTDM—DAEERYET,

® Idle_Stats & cpuidle h—R I B TR T LADKEHERERRLET,
H—FIIFEFRRENMIYE DL EILINODEEEHT 570, 5HAD
FIALHIR T DRIE TIE. INODEN EFRICALRWNGEDHYET,

LEOHICHD (—RREVA) BSARBEEICINA. 7T—F T/ F vEE DEE AL £1F
HoTWET L ZELWMEBEERIE cpupower-monitor DX =TI R—IEHFHEMLTE
Iy,

AT LDTEFI—=VTHAR



BERIDEART —HICDWTEELLE T2 T, TNODBEFR MK IZERE
RBZEDNTEBIEN BFEODEFHLTEES OB ELLEELT WBHE
IDEFMTBIEETIET, Il 11.3 (138 R—) DFITIE, CPU 0 ANIFIF
EATEIREE (Cx DIED (T 100%) THBDIC FEEICEWERTEMELTW
F9.TNITMAT, CPU O & 1 ARICEREDIEIC 72> TWB7, TNOITK
FREEIHBIEERLTVET,

11.3.1.4 cpupower AFIFA LR EEXR

cpufreq-set &[EHkIC, root T cpupower frequency-set AHE{T32IET,
REE EERTHIENTEET, CNICKYABSENBIRT 2R ARERND
B % SRETDIENTEZIEN . FILWARBAERTEIEETEET,
Fre-c AT avaEFERTRE BREAEATS Oty % BIRIZIEET
TFET, UKW BRDOTOEYHITHLTWBWEERTE §2IEHRLLL2TOD
7Oy HCHLT—E TRV —%RETDHIEN TEEI FIFRERAT
2 avIZDWT B L<IE cpupower-fregency-set DX =a7)LR—J £ LIE
cpupower frequency-set ——help TRIRINBAIL T AV E—I A BFHHES
(A

11.3.2 powerTOP ZFIFIL/-BIHERDE
5

VAT LADEREEELERITE-OICHBEN DY —ILELT, powerTOP &
WOY—=ILEHYET . DV IMNIIT7IE. AREICE<ERZ HELTWAER
BIEBZIENTES (22137 0v Y —BERIRIELTWS RED S, ENER
BICELTWAERLRTOEAOMREBEAE) A, ChEERFCAOHIC BRETAREY
AT LEREDRBE LR EETHRWET B, powertop /Sy —I i Intel LT
AMD Om 7 Ay HIC/HIGELTWET,

powerTOP (IFRARIBRELNSDIERAMAEHET 1 BEICKRRLET

(FeE 2 E 7OV S LT INAARSANRNDO . A—RIATav, —BKiE
REHNS BMEREICELTWSTOERAE) . #111.4TpowerTOP DA
1 (139 R—) Tl FIAATRERIBERDB|ETRLTVET:

A 114 powerTOP DHi 715

Cn Avg residency P-states  (frequencies)
o (2] (3] (4]

C0 (cpu running) (11.6%) 2.00 Ghz 0.1%
polling 0.0ms ( 0.0%) 2.00 Ghz 0.0%

C1 4.4ms  (57.3%) 1.87 Ghz 0. 0%
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C2 10.0ms  (31.1%) 1064 Mhz 99. 9%

Wakeups-from-idle per second : 11,2 interval: 5.0s @
no ACPI power usage estimate available @

Top causes for wakeups: @

96.2% (826.0) <interrupt> : extra timer interrupt

0.9% ( 8.0) <kernel core> : usb hcd poll rh status (rh timer func)

0.3% ( 2.4) <interrupt> : megasas

0.2% ( 2.0) <kernel core> : clocksource watchdog (clocksource watchdog)
0.2% ( 1.6) <interruptd> : eth1-TxRx-0

0.1% ( 1.0) <interrupt> : eth1-TxRx-4

[...]

Suggestion: @ Enable SATA ALPM link power management via:
echo min power > /sys/class/scsi host/host0/link power management policy
or press the S key

0 ZDHIIE C-AT—PD—EBLARRIINET, CPU NEIFLTLBEEIE
0 DIRREIC. BMEL TV AW EX(IE 0 LIADIRREICARY ZE S, FIARTREAR: C-
2T =R, CPU BENIFRWN RY—TIREEICEITT DM DOWTIL,
CPU IC&-TERVYET,

0 CZDIIIXBFED C-ATF—FTHYRITEHEBD, IUMNBMTERTR
INEY,

© ZDHIIUI.FED C-AT—FTHYRIT-RHEDEIEIRIINEY, —
BFRIEREETEBNEDFERTILE. TEBEIFEN (BSDKRELY)
C-AT7—NMIBITITEREIHYET MAT.INLHD C-AT7—MI R<H
UiRlTDEIICT2E LYENEHIBTEIENTEET,

0 ZDIIXTOEYHOEMERREE. BEVDY AT ALICRIETEH—RIL
RSANHBRRIINET,

0 ZOHICIE EHAIDREIC CPU A7 A RAZENERIREUCHY T 7B A
REAINZET,

0 CPU N —BFRIEIRENSENMERREICRITUSEE D MH Y DB (B
VA BIE) CRAINETBEWMEFELYBWEENTHZIEERLT
WEY, powerTOP Tld, interval ((EfR) EFHENZEHEREY -t 47
DAV TCHHABTRIENTEEI  BEEIX 5 W TT,

@ powerTOP 25y My THTRITLTWSIHE., ZDTICIE ACPI EHRA
REAIN. ENLITDEANEBEELTWDIONENNYT)—BRENHETS
TOFHREIRIINET, H—/\DIFE. COBRISFIATEZEzEA,

0 REVRFLNBELULEIZEMELTWAOMNMIDWT. EBHARRLET,
powerTOP (27—~ DIFREERAT. £o&% CPU ZEERREICELTW
ZEBICDOVWTS VYR VI RTAEITRVWET,

0 BEVOTIUT.ERHEBAUETHLODREINRTIINET,

VRTLDWEF A=V THAR



SYFELWEERICDWTIE, http://www. lesswatts. org/projects/powertop/
ICHD powerTOP 7OV IV MDR—IEHFHHLIEIN, EVMEIRP FAQ 72
EEREFINTVET,

11.4 BB BFa—=vTFTay

TEROEIZAVTIH BEELTEWEIEIDNLYLVWER DN S EEDREIC
WTIBARTWETY,

11.4.1 P-2AF—MABOFa1—=2TFT 3
v

CPUfreq ¥ 7Y AT LTI, P-RT—FAEIFICVK DD DFa—=0TFToay
DNABINTVWEY RASABEANDYIYBEZZITAIIENTEZEN EAT
2 BFRARBDEREER/IMEZRE LY. SREHEZEDFM/ASA—5%%
ELEY $25IEETEET,

AT LRERICESRBRARERITLIVE ZI-WIHE L. cpupower frequency-
set AXVRNIZ -9 A7V avE[FIFTEITLET  LEZAULTERDIATYUR%E root
TRITIT & AT VR ORBESRABFMCTHIENTEET:

cpupower frequency-set -g ondemand

HESCI vy N OV TR IR LRAERORELHRELLWVEEIE 11.5
B IERERTO77MIVOEMREER] (143 R—Y) TEHALTLS pm-
profiler ZZFBALEILN,

RBENERTIHFRARRORKELR/IMEZRELLWZAIE, ThEh -
d¥ -uAToavEEELT EITLIET,

cpupower *° cpufreq* TERETES BEUMNIE FAEBRID/NSA—YEFE
ETCREITLZIEETEFT, &2 7Oy HERZKRICHITS nice [EDE

18 (141 R=) BREDBYET,

FMET11.1 TOtoH@EHFRICEFS nice 1BDIEE

TV RBEIDRFRIDAESEEFIBALTWSIGE, ignore nice load &ML
NBINSGA—HEBBITBIENTEEY,

BREE
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£70€RITIE nice BEEMENBENREINTOET, COEITH—FIL AT
FRAINZET. MOTAERICLRTENLEFOTOY Y EEN WETHD
DHIERLTWET, LYKEA nice B (Tnicer] EEMVET) FE. 7OEAD
BERIEALIFE<SARY, 7O0ERICEZONS RN D RRYET,

VTRV RNBEDETFEOFARERAFIALTWSIGA. ignore_nice_load /X3
A—8% 1 ITRETDE, nice {EH O LIAHIEREINTWSTOEZA, Oty
HREADFERERELTHYVYMINBWEIITARYET, #IC ignore_nice load A
0 (BEEME) ICREINTVWRBEIX. TRTOTAOANERRELTHYV IS
NEY, CONSA=FE. TOEYvHOERARIKHEEIZTORAEEIE
TWBEDD, INSIFFAEZDHIMANSHA LIEWEEICEMRHEEETT,
1 FTIRETERDIIILTCREAZTELAWVARSROY T T4LIMNIC BEIL
E3

cd /sys/devices/system/cpu/cpud/cpufreq/conservative/

2 IZ1ED ignore_nice load DIEAEER T BICIE. TEEDLIIETLET:

cat ignore nice load

3 TIZEBELAEWGEIE, FERDLIICERTLEY:

echo 1 > ignore nice_ load

EVbh: APICRTIREDORMICDOWT

cpud [ZXFL T ignore nice load Z5XELHZRIF. EHYDETODITIIF LT
LPEFMICEACEN N ERINET, ZOBE. BAEBD/NSA—FEZRLELW
7Oty LTICHLT, LEREOEEAZEVIRLAZYTIHEIHYFEA,

AR B EICE > TBIZRIINDMREEKICOVWT. 1 DEHETD &
BNRSA=HIE BTV T L— GAERIIRED CPU &AL, 7O

Ly ORFEH AL RS DER) H*HYET COREDEEEMEIL BIOS IZ kiEL
THREDET. TEBRYBEWMEERELTLEIVHFILW RTALAD H5E1E. BE

ECHEYIBMENREINTWC, FEETREIZIVEIHYFEA,

11.4.2 C-R7—MAFOFa—=v7F S>3
v

}BETIL openSUSE (L@t)74: C-AF— & FRLET ., RBILEITAIIC H
o THE—SHEE T REX/NS X—4 (%, sched mc_power savings D/SSA—FTT,

VRTLDWEF A=V THAR



TARTOD CPU A7 %H/NRICHERTILIIEFESBIETEZRDYICL, h—FIL
WETEZET DRVWIATREFEEEIE T, TUNE—EBRICRIEIE D LDIC
TBHIEDN TEET, CNICKYARERIT7HALYEWN C-ATF—MIFTTBIEIC
RY, BRELTEASNERBFETEEIDIA>TWET L. EEDENHEE
ICIE ZHDERIMEHAE>TKBDEDTHAIEITEREL IV, ZhIld s
ZWE, FERRER IOy HER, ED C-ATF—MIFIHLTWBD (B C3 1D
C6 EFTD, LWUFEWMKLE) mED HYET,

sched mc_power savings A° 0 (BEZE(E) ICBREINTWSIGZE . FFRIRRYT
Ja—) 7 TRbhERA, T IREINTWRIEE. ATV a1—JETRTOD
TOevHII /WLTH LT DEREEZZDTIEAL TESZRYD LW OO
Tyt T RBEITREIELET, CD/NFTA—FEEERFTHICE. TEEDFIET
ITRRVWET:

FMET112 TJ7LTDITOEIDITS2—/b
1 OV RSA4V ET root ICHIYEZZF T,

2 sched mc power savings DIRFEHIAFRRTSHICIE, FEeDaAY Y RE AL
E3r

cpupower info -m

3 sched_mc_power_savings % 1 I[CERET SICIE, FEeDAY Y REAALET:

cpupower set -m 1

11.56 BREWO771 IV DVEREE
F

openSUSE TlE. pm-profiler EMENZH—/NEDY—ILAREIRT W
T, NEBRET77MIIVEZFIALTREDEREEBEZBMICLEY &Y
ICLEEYTBRVVTRDAV TSRS VF ¥ T  INICLKYREARSZ TOT7714)L
EEEL BILADEZREETI7AIIVRICEETERLOICRYET, FiLLwWSOo»
AIWEER T BEDEREDHR L. /usr/share/doc/packages/pm-profiler/
config. template ICEEBEINTWET BFICIE. 7077V R TERTEELS
BDINGA—=H BEHINTVWBIEN, ZTNOEDFERAAEPZTOMDORFIAYFT—
2IVUAD VO AAVRNTEINTOET BB ERLAETOT71ILIL /ete/
pm-profiler/ RICIRET ZIEN VAT LN RE $2BIERINIRETNO
T74ILIL. /etc/pm-profiler.conf CERELZET,
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FMFT11.3 ZBEEESOA771/)DIEFEETYEZ
HFLWTOT77MIVEERT BICIE. FEROFIBTIRWET:

1 /etc/pm-profiler/ T4LUN)RIS. TOT7AI BDOYTT4L I M) 2R
LET, FEREDLIICETLET:

mkdir /etc/pm-profiler/testprofile

2 HLWTOI7MIVEADI7AIVEERTSICIE. T 70771 VOB % L
HERLI=TaLo7M)ICOE—LET:

cp /usr/share/doc/packages/pm-profiler/config. template ¥
/etc/pm-profiler/testprofile/config

3 /etc/pm-profiler/testprofile/config HDFRE% mEL. FRELET . A
B AELRTHUICTOVWTIIBIRTEIEETEET, HIRLABAIZ. 20 (A
BREINTLWAW) EDELTHRLN. %Y T JEEBIIAEEEINFHE
Ao

4 RIC /etc/pm-profiler. conf A#RELE$, PM PROFILER PROFILE Tik. v R
FLDFEERFIC BAINSZO77/ )L AR ELE T AEIEELRWVEEIL,
BEED Y RTLFITH—RIVERENMEAINE T FHLEKRLEETOT774
IWE FETEELIICTBICE. FEEDLIICLET:

PM_PROFILER PROFILE="testprofile”

CZTANTEZTOT74IWNEIE. TAT7MIVDEREI7AILD/RRIBEIC FIFH
L7481 (/etc/pm-profiler/testprofile/config) E—ELTWAIFhILA
YFEH A%, /etc/pm-profiler/testprofile/config A TIEE L7= NAME
E—BTBHEIFHYFEA,

5 7O774)IEB/ICTBICIE. FREOLIICETLET:

rcpm-profiler start

F7=1%

/usr/Lib/pm-profiler/enable-profile testprofile

FNENOTOT7AIVDEBET7AIVICDWTIE, TTFAYRETER LY R
ELZYLRFNIERYERAD, TOT71ILEPYEZBEZEICDWTIE YaST
DOITARITENTEEY, BFEERT %FICIE, YaST #2EILT X7
4> EFERE BRINT B B LLIE root DRRENDS, ATV RS/ VT yast?2
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power-management ZE{TLET, KOy 4o AMIIFEFIAREERTOT771IL
PRARINFT, BEDTOT7 74 IE.PATLOBREEEZDEF ZIF AN
DEKICARYFT FALZWTOT77MIAREIRL, £ 7 2L TEIW,

11.6 NSTWVoa—FT40 Y

BIOS A7 avhEMITA>TWETHI?
C-RT7—IP P-AF—haFAT25EIL. BIOS AT av AR L TKEX
(AN

e C-AF—IMEFIATBICIEZ, CPU C State ED AT avhEMIC
RO TWBIEEREFRLTLIEEL,

« P-A7—h* CPUfreq DFAZEERZFIF T 5ICIE. Processor
Performance States ZREDA T avh BMICAR>TWBI & AR
LTLEZW,

CPU =7y 77 L—R9 B BIOS ICDWTETY T T L—RETAD BE
BHENEINEREITDHRELHYEY, BIOS (33T LLY CPU % 5RHL. 7l
AR R EERIRR AR —T AV T AT LMUISET BENHBTHT
ED

CPUfreq 7Y AT LAIEEMITR>TWETHM?
openSUSE Tl& CPUfreq 7Y AT AIZBEETEMICREINE Y, 47
SRTLDBERITIEOTWBDNEIDEBRTHILE. BEVDYRTLT T
SEDNADFEFELTVBENE IO =REAL TL/ZEL: /sys/devices/system/
cpu/cpufreq (BEVD I AT LN IILFIAT7 THDIHEIL /sys/devices/
system/cpu/cpux/cpufreq) , cpufreq TAL VNI FEZELTVNIE BT
AT LIE BRISREINTVETY,

A7 770IVIADRBHINTOEEAN?
F9'1d CPUfreq Y7V RFLBREEDOTH AN BRNHNEID, syslog (BE
I& /var/log/messages) ZFEERLE T, IS RRNRIS—LIFHNHEAIN
x99,

BFEWDTI VT CPUfreq U TV AT ALILDWTRILADBENFEELT W
5IGEEBMDT /NNy T HAEBEMIZELTLEIVW, INETRIICE, &8
EBFD/NZA—4|C cpufreq. debug=7 ZBHNTZH,. £LLIE root TTEED
IV REEITLEY:

BREE
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echo 7 > /sys/module/cpufreq/parameters/debug

EEREETTDEAREEBREFIC dnesg RICOHTIC ZILDFLWVEIRA E D
INBIDICRYETT LKL LEDFIRTIE TRAGAHNDATADN S0,
AYICEIRELLIGRICDAERTS CE2BEOLET,

11.7 I551EH

« BROBERANRERETZLOHDIAVE—RYMIDWT, 3 DDOEHD R
INBER (KEE) A TED URL TREAINTLETY:

« Reduce Linux power consumption, Part 1: The CPUfreq
subsystem: http://www. ibm. com/deve loperworks/Linux/
Library/l-cpufreq-1/?ca=dgr-Lnxw@3ReduceLXPWR-P1dth-
LX&S TACT=105AGX59&S CMP=gr Lnxw@3

* Reduce Linux power consumption, Part 2: General and governor-
specific settings: http://www. ibm, com/deve loperworks/Linux/
Library/l-cpufreq-2/?ca=dgr-Lnxw03ReduceLXPWR-P1dth-
LX&S TACT=105AGX59&S CMP=gr Lnxw03

» Reduce Linux power consumption, Part 3. Tuning
results: http://www. ibm. com/deve loperworks/Linux/
Library/l-cpufreq-3/?ca=dgr-Lnxw@3ReduceLXPWR-P1dth-
LX&S TACT=105AGX59&S CMP=gr Lnxw03

+ LessWatts.org 7OV UM, Linux VAT AILBITZEAENPERMEK
D WELARIBTZHOOTATIIMNTT, TAVIIRD Web R—VIE
http://www. lesswatts.org/ ICHYE T, B/ FAQ £ avid http://
www. lesswatts. org/documentation/faq/index. php IZ HY. EFAE K
EREEBEHINTVWET . AB. CPU LRILTOEYMIDWTIX http://
www. lesswatts.org/tips/cpu. php ZHFA<TEILY, powerTOP ICDWTId
http://www. lesswatts. org/projects/powertop/ HHEHMALTIEILY,

¢ R=AR—RIRX—=IXvravbO—F (BMC) DEHINTWE TSV 74—
LD HBEY—ERT Oy RHATEMOBREEZRELS SV avil7 it
RFBIEN TELT . INODEREIFHIETILICRRDIEDT,. ZOHAR
TIIERBALTWE R AL 7=EXIE HP Proliant Server Power Management
on SUSE Linux Enterprise Server 11—Integration Note Tl&. HP ttdD
Ty 74— LEBDER EEMEEE. Linux H—RILOBIAAEICDOVNT

VRTLDWEF A=V THAR


http://www.ibm.com/developerworks/linux/library/l-cpufreq-1/?ca=dgr-lnxw03ReduceLXPWR-P1dth-LX&S_TACT=105AGX59&S_CMP=grlnxw03
http://www.ibm.com/developerworks/linux/library/l-cpufreq-1/?ca=dgr-lnxw03ReduceLXPWR-P1dth-LX&S_TACT=105AGX59&S_CMP=grlnxw03
http://www.ibm.com/developerworks/linux/library/l-cpufreq-1/?ca=dgr-lnxw03ReduceLXPWR-P1dth-LX&S_TACT=105AGX59&S_CMP=grlnxw03
http://www.ibm.com/developerworks/linux/library/l-cpufreq-2/?ca=dgr-lnxw03ReduceLXPWR-P1dth-LX&S_TACT=105AGX59&S_CMP=grlnxw03
http://www.ibm.com/developerworks/linux/library/l-cpufreq-2/?ca=dgr-lnxw03ReduceLXPWR-P1dth-LX&S_TACT=105AGX59&S_CMP=grlnxw03
http://www.ibm.com/developerworks/linux/library/l-cpufreq-2/?ca=dgr-lnxw03ReduceLXPWR-P1dth-LX&S_TACT=105AGX59&S_CMP=grlnxw03
http://www.ibm.com/developerworks/linux/library/l-cpufreq-3/?ca=dgr-lnxw03ReduceLXPWR-P1dth-LX&S_TACT=105AGX59&S_CMP=grlnxw03
http://www.ibm.com/developerworks/linux/library/l-cpufreq-3/?ca=dgr-lnxw03ReduceLXPWR-P1dth-LX&S_TACT=105AGX59&S_CMP=grlnxw03
http://www.ibm.com/developerworks/linux/library/l-cpufreq-3/?ca=dgr-lnxw03ReduceLXPWR-P1dth-LX&S_TACT=105AGX59&S_CMP=grlnxw03
http://www.lesswatts.org/
http://www.lesswatts.org/documentation/faq/index.php
http://www.lesswatts.org/documentation/faq/index.php
http://www.lesswatts.org/tips/cpu.php
http://www.lesswatts.org/tips/cpu.php
http://www.lesswatts.org/projects/powertop/

HIEAAEANTVET, DX EIL http://h18004, www1. hp. com/products/
servers/technology/whitepapers/os-techwp. html (ICHYFET,
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BROHA—XIVI—=T30 DA
AN

openSUSE Tld. A—RILICDWTHEBDN—2 a3V ZREFFICA VAN —ILTSE Z
EDNTEFT ERON—RIVEAVAN—ILTBE RBEADIERLE initrd »*BEEH
BUER SN AFICFEE TR EITROBERHYFEA. VAT L% BEHT
BEFHLGEBMULIEA—RILDRBEA T avRICRRINE LI RYET,

ZOHBEEFIATAIET. HVWH—RIVERBEITERLIICHELZFFHLWL H—
FIEAVARN=ITBIENTEBLD . A—RILDEFEITEIBICLLIC
EEETROIZENTEFEY, COMEEAFIAT 258 1E. BHY—I (Fz&xld
YaST AV SAVEFCEHR7 Ly 2FAEY, TRl rnd FIETEEET
o TLEIL,

S YR—MERICOWT

ZEETaAV/MILEA—RIR Y —RNN—FA DM RETEH—RILE (VR
R—=ILLTGE Y R—MEFIN R OB EITER LTIV, openSUSE
ICAMEINTWBA—FRILE, openSUSE AIFICIREINT WAEFDEH
FroRILHDSDEGEYDH DY R—IMHRTT,

EVh: BEVOT—,O—FICBIFRA—RIVEREDHEER

BEOH—FIEAV AN LEHEF. BFEVDT - O—Y DR EEHEDR
L. BEDEEFEENELEEINTWENEINERTDIEABEOLE
T, LT B YaST #FBLAT—NO—5 DERE] (FI9ZE 7—,O—5"
GRUB, 1) 77L Y R) HHHMIEIWV, FL{A—FRIESV A=)V LTIH
BILBEETEBININGITEEELLEW GBEIE.FLLWA—RILES VR R—IL

BEDOH—FIVN=3>y DAV A=)
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9 BHIIC /etc/sysconfig/boot loader DEREEZ B LTIV, ZDHIZE
IBEEMIE I8 [/etc/sysconfig/boot loader 77 IV | (E9FE 7—,O—%"
GRUB, 1) 77L YV R) HHHMIEIN,

12.1 EH/I—Tar N IEDEMLEER
€

YIRIITT IRy —IJIC DWW EBHON—aV AFICAV AN—ILTED 14
BE (WILFN—UavHR—N) IEETIREDIEREINTWET  IhE B3RbIC
BRETBICIE. FERDLIITITARWET:

1 root TEEDIT49%FFL., /etc/zypp/zypp. conf Z7MILEFHEET,

2 multiversion EEHNNTWABITICREILET, IRXTOH—RIL/X\whr—J(C
LT RIVFN—av e BRICERET BICIE. FEDITOIAAVRT UL
XF (H)EHLET:

# multiversion = provides:multiversion(kernel)

3 BEDH—RIDREF (FL—/1N=) ICRELTIILFN—=Uaveesaa)
|2 & ETBICIE. /etc/zypp/zypp. conf FID multiversion A7 a L
T, FERDIIIINN =% HV XYY TIRELET:

multiversion = kernel-default, kernel-default-base, kernel-source

4 RRERIT7AIVERELTRTLEY,

1E2.1 1 READH—RIVICH T2 B BIHIBREE

BEN=UaVIIH B IETHLWA—RILESERICT AL TV &, BB X
—a— QIEEHIEITLEN, bHUITKLKR>TLEWE T, F/. /boot (LB,
BRE@MCIEIBEONEEICEEBINS-H,5EICL>TIE /boot DREEH W2
WIS TLEIBEEHYVET, COLIRIGFEIE. YaST £ zypper %7
BALT. FEETRERD h—RIVEZHIRTEIENTESIEID, Libzypp Z5&TE
LTEBMIC RERDOA—FRILEHIRTELIICEETHIEETEETBRET
ITEEITO HIRRIZITRbhEHA,

VRTLDWEF A=V THAR



1 root TIEBDIT149%FIFEL. /etc/zypp/zypp. conf T71ILERIFT,

2 multiversion.kernels DX FF%RZFREL, FEEDLIA ITOAXM=ALT
FTavEEMICLEST . DA T avidhy~vy RYYDO—ET,. ZhETh T
BDEOIREETZATEIIENTEET:

2.6.32.12-0.7 : IBELIN=2avESOA—RIVERFLET,
latest: EoEHARIMN—IVavBESOA—RIVEZFRFLET,
latest-N: N FEICAZIAN—V3aVEBSDOA—RIVLERFLETS,
running ETHDOA—RILEREFLET,

oldest £o&EHNIQN—I3VES (openSUSE ICEIBINTWS AT+
IWDH—FIV) HFEFLET,

oldesttN N ZFEEHICHWAR—YaVvBEEDH—IILERELET,
=& Z I ETFEBDEIITEERLET,

multiversion. kernels = latest, running
BRHDOH—FINE RERITHOA—RINERFLE T, ChITEE /N—
TavOHREASEMIELTLIEIBAEIERY, BIEICHWMESD
A—FILHBIBRINWUIIE T XEDFEEEIC EWNIIDA—FRILH
HIfR INaEDIRYET,

multiversion.kernels = latest, latest-1, running
FLWIONS 2 DDON—=TavDA—FRIE RERTHOA—FIL %
RELET,

multiversion, kernels = latest, running, 3.4. rc/-test
R DA—FIVERERITHDA—RIL.ZLT3.0. re7-test E\WN)/IN—
Tavoh—xIE FRELET,

EVbh: B0 OH—RIVOERFICDOWT

R EZMRE. RITH OHh—RIUE RFEFTHILIICHELTLEIW,

BEDOH—FIVN=3>y DAV A=)
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12.2 YaST 2RI LB D H—F IV
IR—=Jav DAY A=)V /BlkR

1 YaST 28U, YIrDLF > V7, DI FERE ZIRLTY TR IT EEH

HZRIET,

2 BHDN=U3 B REINTVWB IR TONY T —U%RRT BT, Fm >
I =N —T > N — 5D N — BEIRLE T,

B 12.1 YaST VI, DL TFERE - e/ \N—> 3057

FrALE) Avg—(E) BE(G ®ERRD FTYav(0) TSLBHEX

RTEM v | figk () RPM T —F (R) | A¥RR—ILOHE ()

Rylr =S N—7
XFCE FAZhyT
TOHDTAI T

WP wiE

)"‘\‘ By —)

m A—hZ{E—vay

EE2YTF1

=

= &

@ FukT—5

W ronrn—7

-

‘o WESNE v —y
,0 BEH D=
@ WL Syr—s

1) #|EA—Yavp/lur—Y
| ‘ TARTHNwsr—

~

A

<>

~NT (H)

R =549 1—7 (G)

MiSwir—37
:| iscsitarget-kmp-pae
:| iscsitarget-kmp-xen

e

Open Source -~
Open Source -

A A= (7
(14.19_k2.6.37.1
1.4.19_k2.6.37.1

(

:| kernel-debug A—F DT (2.6.37.6-0.5.1)
:| kernel-debug-base A—FNDFE (2.6.37.6-0.5.1)
j kernel-debug-devel H—FINE¥a-- (2.6.37.6-0.51)
o

[] kernel-default-base BEN—FI - (2.6.37.6-0.51)
[] kemel-default-devel A—FINEY2 (2.6.37.6-051)
[ kernel-desktop-base Kemel optimiz-- (2.6.37.6-0.5.1)
[ kernel-desktop-devel A—RILEY2- (2.6.37.6-05.1)
:| kernel-devel Development f--- (2.6.37.6-0.5.1)
:| kernel-ec2 The Amazon E--- (2.6.37.6-0.5.1)
:| kernel-ec2-base The Amazon E--- (2.6.37.6-0.5.1)
; kernel-ec2-devel A—FINES2 (2.6.37.6-051)

] 1< >

~

<

we (@ | misE—s @ | wEmm | —varw || ara—% || <

kernel-default

v

>

+ openSUSE 11.4 11.4-0 EIFOEAT Ao AT TV AEEE 99/ FHik
openSUSE-11.4-0ss A SIEETh TS B AR 99 /BT openSUSE
openSUSE-11.4-11.4-0 »5{EHShTWSEERE 99~ Hilt openSU!

<

>

Frril (C) TR A

3 Ny —UBRRL.ATORAT/ V=232 7% FRLIT,

4 NRNolr—=S% AV A=V BT ENENDF VIRV I RICFIvI% Ah
FTJMBOFIVIT—IDRIINET,

BEICAVARN=ILENT=/\wr—Y (ABEDFvII—IDFII6NED) %
TIAVARN=ILT BTG, Fv IRy I A RIRLTHEW X 2[4 I3 THEEET,

B S1&IC TH 5T EA VAN —ILIEENRZYE T,

VRTLDWEF A=V THAR



12.3 zypper ZFIH L7EBDH—RI
N=3> DAV A=)/ HIR

1 MEARATRTOA—RINNyT—I%—BRIRTBICIE, zypper se -s
"kernel¥’ OV RAEERITLET:

S | &gl | &5 | "=z | 7—%79Fv | YRY MY

v | kernel-default | Ry r—v | 2.6.32.10-0.4.1| x86_64 | Alternative Kernel

i | kernel-default | Ry r—v | 2.6.32.9-0.5.1 | x86 64 | (System Packages)
| kernel-default | V=25 — | 2.6.32.10-0.4.1| noarch | Alternative Kernel

i | kernel-default | Ry r—v | 2.6.32.9-0.5.1 | x86 64 | (System Packages)

2 1V AM=)LBFICIE, FEEDIIICLTEEARN—YavEIRELET:
zypper in kernel-default-2.6.32.10-0.4.1

3 h—XIWETUAVAN=)LFBITIE, T zypper se -si "kernelx’ AZEITL
TAVAN=IVBEHDITRTOA—RINE—E RRLTH S, zypper rm /¥
T—=2EB-N—=2 3 DEIIITL T T —U%HIBRLET,

BEOH—FIWNRN—3vyDAVAN—)L 155






/0 BEDFa—=>4

/O R T a—JUIE AR —UICR LT AR DREEEEDLIITEETIDOL %
RDBI=DDEHHTY, openSUSE TIEAFELAL 1/0 LT XAISH S LTWL
FT.ZTNSDOTITVIALIE TLR—% EEEh, ThENELRBUERICA
EINTVWET . ILAR—YFAN—IADEKREBIE %R DT /=DDFBIFITA
BIED. 1/0 BEXRICEBEIBMZRFF72Y, 1/O BEXHD IBEIN/HARMICANIEEX
nNa&OICLEYTBIEETEET,

BER 1/0 TLAR—9%BIRTBERIE MEBRBILIFTRIN=RIITICDOWVWT
HEEXBLTEBMELIHYET, ATATARIHD 1 BFEITOEEN SSD, RAID 7
LARRYRNT =D AN —V YV RTALATIE ENTNERDZF 21—V JHBR %11
TBRENHYZET,

13.11/0 R 921—5DtIYEZ

openSUSE Tld. Y AT LDBERFICEIED I/O RTVa—FAREINT W
T. I TOvITFNARAT EIWCEBFICERTHIENTEET  INIC LY, >
AT LN—=FT 423V ERMTETNARET —IR—RERM TS FTIRARAE
T ERZ7IOVALERETEDLIICRO>TVET,

BXETId. CFQ (Completely Fair Queuing; R AT X1 —( ) AFRAS
NET RE/SA—FTER 2TRVEWVEEIE. FROLIICIEELET:

elevator=SCHEDULER

T T SCHEDULER 121 cfq, noop, deadline DWEhh AFEELE T 5 L<IE
13.218 TRIFARIEEA 1/O TLAR—4] (158 R—) ZHFHALIZIL,

/O BN F1—=27
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Fr HEBPDUATLATREHEDT /NN RAICH LTILR—YERETBICIE. F
SEEDFIITEITLET:
echo SCHEDULER > /sys/block/DEVICE/queue/scheduler

Z 2T SCHEDULER |ZIE cfq, noop, deadline DWE N A EISELE T, F/-.
DEVICE \ZIET Oy T INM R4 (sda 1r&) ZIRELE T,

13.2 fIAARER 1/O TLR—%

openSUSE Tld, FEEDILAR—4%EFERITEIENTEET . ThEThD L
R=Y|UEFa2a—ZV T gER/INTA—=IDNFEELTVWT,. INSIETFED av VR
TRETHIENTEET:

echo VALUE > /sys/block/DEVICE/queue/iosched/TUNABLE

ZTTDEVICE ICIET O 7 18 2%, TUMBLE 11355 X— 5 &7, VALUE |1
RSA—IDBEETNTNIEELET,

EDILAR—IHIREDEEEETHEDN%HANBICIE, FaeDIY R £TL
T IREBRINTVWBILAR—F I AFEIMTHESNTRIINET:

jupiter:™ # cat /sys/block/sda/queue/scheduler
noop deadline [cfql

13.2.1 CFQ (Completely Fair Queuing; 522
AFRX21—(2Y)

CFQ IENFMEBIELARTY2—F T, openSUSE TIFBEEEICAR>TWET,
CDTZIT) XLIEERALYRICHL, I/O VI T AN EEETEDEEERE (914
AFAR) B ELET . ZDHE LY BFRALYRIE 1/0 ZI—Ty e RTEICH
BIBIENTERIIIA>TWVWEY  F AT Va—UVTDREICEELTI/O
BEIBMZEIYYETEIEE TEET FELIE man 1 ionice ZHBFHALIEIW),
CFQ 2T 1—5Tld, FEED INTA—FERETHIENTEET:

/sys/block/<7/Y+4 X>/queue/iosched/slice idle
BFEDIRVICR L TEIY Y TONIFE (91 LRATAR) RICAIBLIW 1/
O BEXRDAEFEELGBLASIGE. I/O R a—313 1/0 DERE%E ZRE LT,
RDALYRIZRT D 2— L &EY HTHETICLES FHETRVWET, K
FGEELBWEDIRAT AT (SSD LD T ROH EHIN 7z SAN )

VRTLDWEF A=V THAR



DIpEIE. /sys/block/<F/Y7 X>/queue/iosched/slice idle & 0 [ZE%
ETBIET. 2ERDRAIN—TYRNeEZHBIEN TEET,

/sys/block/<7/Y¥7 X>/queue/iosched/quantum
ZDATaviF T AZRN—EICB T RERICDOVWT, ZORAH% i
FRLET BEEMEIX 4 IREINTVET AEDID TARINBHEHINALR
M —L O AT LDIGEF. BEXREZWITUIEBTEIE DO, FIRETRINE
EHYFBAF. CDIEEKRECTEEMRES WETEHIENTEETH. 5
BILE>TRIRAMN =Y RICELLDBEREFTD L&D, 1/0 DE
EAKELRBIEDNHYET  ZDEE BETDIHHIE. /sys/block/<F7V
4 X>/queue/iosched/slice async rq (BEE(EIZ 2) ICDWTHBEEITA
WAMTLRTARA RICAIETZIERPFER @BEIFEZIAAHAEK) ITDWT,
FTORABERTE LTHBLIEEBEDHLET,

/sys/block/<>7Y+4 X>/queue/iosched/low latency
1/O DEENFINBRVNLDIGEBHENIET ZI5E(E. /sys/block/<F/Vr
X>/queue/iosched/low latency & 1 [ZEEE LTI,

13.2.2 NOOP

27T a—SICBELE 1/O BREZ, BMICZOEERTLEIFTOEDTY, M4
/O R T a—S55FHATHE. AL LAVESEERTHENEZET WEYLT
WRWNEID =R T BRIERRRTY21—5TY,

/O DRI V1= )7 5BREETIRIIDIBRTNNAR (FEAE1VT)V
VRBRIZML—) %, SSD DL BEEANEE LBRWAN -V 2T
LEFEALTWRIGEICEAMTT . BE. INHDT /31 RIZId DEADLINE I/O R
TI1—SBBMTT I A==~V DR DIRNEWNSIEEH S, NOOP DIFSH
SYULWHREERIBTEZIBAEHYET,

13.2.3 DEADLINE

DEADLINE (LB RLE#5ER TS /0 RTV1—5TT . TNETNhD 1/0 EBKIC
ISHEARA SR EIN. BEIT EI/IBBSEREIILTHF21— (FBHAABLIVES
AFH) HDIWARZZDN TRHONET, BERAHREUINICARSRWRY, 2O LD74
[sector] Fa—AHRALETHRYINICRZEDAEETDE, HIETINDOEKRK
M 12K 2FT ldeadline] F2a—HM5DNBAERELEFT, F/H-—BIC.ZDT
WIYZXLTIE EZAAIYVETAAAEEBILLTUIELET,

I/O REDFa—=27
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F.ZD /0 ATV a1—S EHDAL YR FHAEZAITROFEIEDONIET,
NEERANREEINDWVLIEDIZEIC, CFQ LUEBN/-EREZIRHLET . /-
EZIEL SAN HOEBUWEBCHRA LETRILIR HEP. T—IR—R ($FIC
[TCQJ EMIENZHBEAERTEITARY) RETHWTY, A48, DEADLINE R4
Ja1—SIE. FERDELIRFa—= VT INSA—INEFEELTVET:

/sys/block/<7/V4 X >/queue/iosched/writes starved
EXAAEREEEFETEDLIIICARDETIC. ENLEITFDFTRAIAAHEREEE
TRIEDNTEDZONEFREILET . &AL 3 DIHFE. 1 BOEXIAHNE%E
EHET R0, 3 BDFHAAHLBERBELET,

/sys/block/<7/Y¥7 X>/queue/iosched/read expire
FAIAAILIR I BHAR I )M BN TIEELE T, IRIEDRZIC
read_expire B L7=BHZD HAREAYFT BEEEIE 500 T,

/sys/block/<7/Y4 X>/queue/iosched/write expire
/sys/block/<7/V+4 X>/queue/iosched/read expire EEUCAHEAT. I5
SIFEZAANIBICN T BERETT . BEEEIE 500 TT,

133 1/0 RYPDFa—=>¥

ZLDITFAINI AT I (XFS, ext3, extd, reiserfs) Tld, fsync ¥ NSV H#o 3
VAIYMDRRIZEZIAHZNYTEMIENDZEDET A AVITERE LET . EXAH
NYTIFEZAHDIEFETSEB/ODEHEAT (WSD HREEADFEN
HUET)  TARIDEZAHF Y21 %ZRRIFATES LOICTE2H0ED
T BFEVDTARZIINYyTY—DEBHINTWD LI5EIE /N7 ZEY
LB THEEARETIDHZAENHYET,

EXARN)TDEEIX. YIVNET 3wl barrier=0 (ext3, ext4, reiserfs
DiFE) ¥ nobarrier (XFS) ZETDIETHEMIELTEET,

®E

NYTHEEPE LR A ERARONALIRIGERICESAAF vy 2D W
BOEZAAIDWTAREDNINALKARYF T, INICLY, T7M4IL Y RFLD
BIBECT —YBREDNRETIIZFEDHDIEICTERLLEIN,

AT LDTEFI—=VTHAR



ARy a—5DFa1—=
A

openSUSE® DEIIICHLWARL—F 1V IV RTLADIGE BEIXERIC &
BOYRIDEELF T, IcEAEA—IIEZE LRI SEBICTFRANIZAILOD
MBRETROIZY, ISICKERT7AILENTTON—RF 1 R0IaE—L 712V,
BREDIEETRICEDNTEEF T, INSDIOIRI VT IVBEETHNIL BN
D FOEREVRATLARATEEITNIL, ZROSEFBICITRICELNTEET . TN
FND YAV L TRERY AT LERERETZICE. TN ThDT RO
LTEERE%. Y Y TBLEOHD Linux A—RILEIITY—ILHDBEICHRYET , LYIE
FEICELE, Linux A—RIICIF ZROR 72— EMIENDEDD BREINT
WEd,

AETR.FTTOER (YRY) DRIV 21— I)VLBICEESZREEELRBEIC
DWTDEHBAZETA>TWET, /. openSUSE THEAINZIRIRATVa1—
SO RYY—ICBEATBIERCRAT V21— ILDUIBSE YRR V1—SICET
ZiREAAREE HHOETEBRINTVET, ZDIENICE. BEETBIHBEHRAD) VY
BREERLTVET,

14.1 RIS

Linux A—RIVICIX. BEF DU AT LTHYRY (FAOLR) BT S7-HDHIH
HENAEBEINTWET  YRIRTV1—5 (ORI 2—= EENSG
BEHYETD) EH—RINICEZFNBEDTORICEHESEZREYR V% HlT5
HEEEA A TUVWE T, 2N (Linux DEIR) RILFIRIBDARL—F 15
SRTFATIEHRERZOAVIR—R VD 1 DT EHDI R ERERFICEEIE
BB T VAT LERERZREMENICEIN GO DIEEETRVET,

HRYDAG S 1a—SDFa—=
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14.1.1 VTV Foay

HRYAT 21— I)VDRBIZFEBICO VY TILBREDTT VAT LARICETABER
TOERADBEETZHRE. BICVaEs 1 2UEOTOEAEBERREICAYE
o YATLARICTAOEYTHIVELZVWHOTOEANEETZHEIF. 2TO
TOtR%E AEICEHEIELIEIXTEERA.

ZD7e. TALRICE>TE—FHITFIET D (P INAREEICT Z) RED
HDBZEIWRYFET , ZNICLVBDTOEANEETIZREEIC 22 hIFTT, R
TO1—SF . Fa1—NICEETEZITOERADIE, ENAERICET TRENERE
LZEd,

EddESY, Linux FDMD Unix % OS I vAFIIZ BIDARL—F 1>
TJORTLTY  ZNITEBDNIEBEAFERFICEEIEZIENTES EVWHIEKT

T Linux TlE YL 7717 RIVFHRIE BIENBEHAT. EDTOER

E—BRELEIEE2ONERTTVa—FHRELET., DL WLFEFHIRIAZ IEHEEE
B YT To 7> ERUVFET, £TD Unix % OS Tld, YHOERENS YT

VITFATRIVF IR ERFELTWET,

14.1.2 94 LAF(1R

BEDODTOEAN FETB ICH>T. ENLEITOEE 5830 Fai
ICBREINFT . INETOVRD 7L S7 X EEV, ZRENO7OERICH
LTEYLETOENZ IOy HEBOERATROLET, Y1LRATIREEIYHT
BZEICEST ATV a—SEETHDYRATALAICK LT 2EHIEAITRITEN
TEBENBEDTOEZAN IOty HDERELEELZY LEVWEDICTERIE
NTEET,

14.1.3 7O A0 5CIRAL

2 T2—5 T, 7O RADERTICH L TEEIBA 2k 2 iEHALTLY
F9, TOCRICHTEZIREDEBEIBMUAFETE/-D. IRIRTV1—S3E
A TILTVILEAWTWET BRELT.ZhTho7ORAE7OyH £
T 7% [Fa3hz] BEIEMAOEEFOIEICRYET,

VRTLDWEF A=V THAR



14.2 70t 2ADHE

TOERIRE. TNODABRPIRSBWIIG L THENTRDLONET, K 9ED
BRL BARICEREATE DT DTIRHYFEAD, —EHIIC 2 DDRED D DR
DIVEZIC FIAINTT . INODREIZENETNRILTVWSED T BEIC
BHtb Rt DTIE HYFHEA,

TOERAD 1 2ODHEEIE., 1/O-/VIN D E LK TOEy - /NN DES
S5THEDI EHILET,

[/O-/NT9UR
/0 &lFF—HR—RPITVRAHERSATON—RTARAIBREDT /N1 AIC
WL T ARBDTEIEEBKRLTWET, /OVIRDTOER &, %D
BEEAET NA R TEERDEEPIGBOFEICELCLTWET, hbik
SERICAHETD2EDTIEHYF I EVEBTEMEN —BZ1EL, 1/0 K
FREL WSO TOERIIT LT ZOEMEERET R &EHYEH A,

Ak AR/ EVALMIN
E)—HD ZOtytf-/YOURN DY RITIEI—RO 2TICERBIELIN
DEDT BERRTV1—IhLBEENSSZONTWSHE EELERITES
ATDEDTT, INHDTOERIE, 1/0 BREFHELTWS TOERDEH
E=EETZEIFRVDT SEEIXMBEVRLSLRVWIFEIOLIED hhdE
NTY,

EY—DONRIF. TNhENTOCRE 72950777 (REER), /v F (—HEL
BR), Y7Ns14 (BIEINER) (932 PYATY,

o A5 0F 7 BRTAERE F—R—RPIIRIEE BEDARNEKRICE
KOBBEEYLET . ATV 1—S3a—DoDERN Hor-mEICENRFIC
INE LRI NIERS T RBNENDZENYTTY T LEEDE HREINTLEL
T, CDODETO—MRMAEERFIE 100 [SUH] BETT, 7714RRT7S
)r—2ave T X ANIT 19, BIRBRIETOT S LRREDN—RIR 18559
T47 2 7TOLRTY,

o NWyF TORRIFTOUBEZETERITZEDTH> T, HEITH L THRIIAR
BDHBEHYFRA.INSIFRT Y 1—STIHMEWVEBEIERIC B DITONZE
T NXWNFATAT AV T Y DB T —HIR—ADRRIV VY, AT 771
ILDDFREN—BHRN\yFTOELRATY,

s YFZNZ1AL RTOEREAAWVBEIBAAZFE O7OER ICL>TERITHEES
NTUIRSBRWVWEDTY,, ZD=H ATV 1—JIFFNHIC W T BB AR

HRYDAG S 1a—SDFa—=
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BT AL TWET VI FATATAVTVYDRE 7 ) r—oavid
H—REH R TILYALTOERTT,

14.30(1) R7¥1—5

Linux H—XJIL/X—=23> 2.6 TlE. O(1) EMEIENBZHLWIRIRT S 1—5H
REINTWET GELIE S VDS [http://ja.wikipedia.org/wiki/
%E3%83%AI%E3%83%B3%E3%S3%BOKE 3%B2%A6%E3%S 1 %AESES%AB%ISUES%SF%BT] A &5
FALIEEIW) A—RILNN—=23Y 2.6.22 LIETIIBEEDATY2a—Z& LT E
AINTWET . CDIYRIAT S 1a—ZDERUEBIX, S RTLRNTENLITEL
D TOEADERTINTWELTE, —EDEBARICYIRIERTV21—ILTD
el HYFET,

ATV 1—=FTIIIMILASAREEIETELE T, T BUIRYILRTAR
HEEHETIOR. HFEVICEERLNIBICE>TLEVWET . RITBIMLRSA
A% BYYHTTLEIEVRTLADBBE PR B A>TLEVWET L. HICET
XD HMLRASARERETZETOCABOIYBEZHBERLTLEL, ThITHE
D F—/IN—=AYRPKRELG>TLEVET DD BEEDIALRATA AILLE
BE NID, 72EZ21E 20 [RUR] BBE T AT V1—S R Tat AN B LI %
R=RICIALASARAERELE T, ZhICLY ., BWVEBEIBMAF > OERIC
LT, LWEEEN DORVEBAEY Y TENDLIITA>TVET,

F. 7O0EREBEICEYLETONALIILRSA R E—FTHERATIEIEHY
FtHA, EAL 150 [V ABIYLBTSHATORATHNIL, 150 [IVF]
D F2EETLEEITEbIFTIRAL, 30 [IUM]) DRI Ya—)L2Av N 5 [[E
DD IFTEITIBZEDNHYFET . TNIEERVWIMNLRASA R EHEE LRV
SRR MIEDIBE. CDOLHIRTTO—FICTBIET,. TEBLIFTREMEERLT
BIEN TEBLIITE>TVWET,

BB ATT1—Z R TORADBEIBMNEHMICKELET . R Y1—31370

TAD IRDPBVWEERL HDETHNIXBEIBAAFELE T, A X RV

Bich=>T BN LEEF>TWBTOERDIEE . BEIEMN % L IFBZETREN
ICERITTEBLIIIC RYET,

VRTLDWEF A=V THAR
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14.4 Completely Fair Scheduler (58
ERFBRyS1—37)

Linux A—RJL/A—=2 3> 2.6.23 LIETIH. T 7O ERICHTEHLLR
A=)y 77O—FHREINDELIICRYFE LA, Completely Fair
Scheduler (CFS) (REAERRT T 21—7) EEIENZED T, BEED Linux
A—RIWRTTa1—FIC B> TVWET DRI V1—FTIREERTRENED
BINTWBH, AEZETIE ZORTVa1—FICDOVWTERBAAITA>TVWET, A
. openSUSE DIFE. h—RIL/N—U3> 2.6.32 LIE Bx h—RILEEFN
T ICERINTVWET, AT V1—SBEBIRRERD/ S —YDSEHRINTWLT,
3O AN IREINTVET:

EVA-INWNBORT Y 1—5E%Et
2T 1—=SDHREDE X7 2— >0 05X & FENBEDTILRI T
TWET . INEDIFREEY2a—ILELTHIATES ED T ATV a—)LAL
BOR)—EXRDTEDTY,

SZLNFR R4 a1—5 (CFS)
H—XI 2.6.23 TR IN, 2.6.24 THIHIRINTWET, CFS ITZhEFh
D 7OERHKLT, TRy HERE%E TAFIC] £ETISLHIC NEET
BWET,

TIN—TR5Ta—)T
FEZIEERTA—YTEITOERAESTIIL—F{EL, CFS IXENS5DT I —T
IR LTCRLCTAy TR EIYETOSNDIDINEBAETRWVWET,

LREDEIBEHHD S, CFS FH—/NAHERET RN THEDOEAICHLT &
BRRT 21— ) VT EITRITENTEDLIITRO>TVET,

14.4.1 CFS OE){FIRE

CFS IZZNZThDUNBISH L TAFE AT I O—F5REELLIELET . IR R
Toa1=NU I LTRENTVADBNZPYAERB T 5720, 7724 &
N2V MEFIBLTWET, RERIFEEZHEALLYHEIBRLEZY TS
EDTEBT—IMRBEADARBEET, HAPHIRIMITRONTENTVAEZHREI
BRWMEHATE REARICOWT, FLIE KREAR [http://ja.wikipedia.org/
wiki/%E8%BS%AL%EI%UBBUI2KECRICKAB] IdhD wiki R—IEEFTMLIZIL,
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WMIBA EfrFz— (RICETIREITOCADFER) RIEAINEE RS
Va1—SEFTRAERRNELHFELET, 7O Oy BEAEBEONBET
FHLTWIRE. 207020 1] EL MEINF T MEINSEIE. ZD
R CTRITF1—ARILEETNEDOE S, TOEROBEIBAISEES
N3EICRYFET. Oty Hsd7 0% £735E.FD EF) EITRE
INFT FREN—ED LRIWVETEZE, TOTAORRIRT Y 21—3IC&>T
HFHORREICARY, Z0M0 OOy Y ABEMICRIATESLHICARY
FTIDEOIBRTILT)Z L ITEY, CFS (& T EAEICEOEWSIEAER
IRREICA S £OICLET,

14.4.2 7OtRADTV—T1E

Linux A—XJL/X—=T3> 2.6.24 LIBETIE, CFS 2920 (FO1R) 8BiK/ZF
TR APV —TITH L TEREM AR ETEDLOICRYFEL, YRI1F
A—HRTI—FICL>TTIL—TEI N, CFS IEZNFNDIRIIC T/ LTA
EIIRDEDICAETZ2OTIERL =TI —TITR L TREICARS LI
ABIXFBRIENTEET AB. ATV 21— —HRTIL—THD EIRIIC
WL TEREICARBLDIARELET,

H2AIEEFNEFNTRICRT AEZDODWI N T I —TILTBIENTEET:
« A—1HID &
e A—XJLOIVNO—ILTIL—TTE

H—RIVDRTI1—SHBYRIETIV—TITBHEEIF. H—RILD

OV JUBF ICEEET B4 73> CONFIG FAIR USER SCHED &)
CONFIG_FAIR CGROUP_SCHED ICL>TEREINZET, openSUSE® 12.3 TD
BEDREFIVNO—ILIT I —T ($8F) T.INICLYREBELRTIL—T%/E
KTCEBLIITHR>TWET, LKL BI10E H—RA DI ,O—IT I —
Z'(119 R=) HHmHLLEI,

14.4.3 H—RIVEREATav

HRAYAT T 1—S5SDIRDBWMCHITEEAMAREERIZ. h—RIL
DRTE ATVaVTIHRETEET . INLDA T av DR ER H—
FKIDAVIL) FEDO—EELTERETZEDTT , A—RILDIV
INAIAEEIIERBEET HD-OERYZaTILTIIERBEITARST
WEHABEETDBIRFIAVN (&AL http://ja. opensuse. org/

VRTLDWEF A=V THAR
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Configure, Build and Install a Custom Linux Kernel 72&) #HFHHADD
ANEEETROTLEIN,

8BS h—x)I0av1)L

openSUSE 2B D A—RILTEMEIERWGE. I AIXTBETaY /M
W LEA—RIWERBLESEREF. Y R— MR FEIENTERRBIE
I TEELEIN,

14.4.4 A&

SRYAGTa—=) VT R) =TT BRF AV RTIE, LIELIEWL D DD $ Al
AEZMALTERIALTVWET, TERICZEODAEDIEDW D0 Z5RALET:

EIE
TOEANEFTINDIZ T o-BEI D, ERICT O AN ERTIN /-
FTORERERE.

NS
MESEBEDERIETEOHATRDOINET:
gran = ( lat / rtasks ) - ( lat / rtasks / rtasks )

ZZT gran \3RE %, lat \HEE%R. rtasks [ERITHDIR VB ERDLE
ED

14.4.4.1 R5Sa—IIVRY>—
Linux A—RJIL T, FEEDELIBRRT Y a— LR o—IC/ iz LTWET:

SCHED_FIFO
BRART7 ) r—avild L GERINSEDO T, HICEBmEICHRD H2
TI)r—2avIERLEY, 2hid FIFO (First In-First Out) &I EN B R
FIa—)VAT7IITVALEFERALET,

SCHED_BATCH
CPU ZEIERATRUERIFORT V21—I)LR) Y —TY,

SCHED_IDLE
ETE BEEOBEVLERIGFICARINK AT Ya1—ILIR)Y—T9,
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SCHED_OTHER
FEAEDTOERRIGERINS, BEED Linux BEIHEERZS Y 1—)L RY
9_—63-0

SCHED_RR
SCHED_FIFO ICl /= ATT A, SUY ROV RID R 7Y a—)L 7ILTY
X BAEERT BRI Va— LK — T,

14.4.5 chrt ZRIALEY TP IV Y1 LBREDZE
]

chrt (2. 2THOTORRICHLTYTIVIAL AT a—) VT DR EREREME
DEBEITRIHDAR VR THBIEIH., EBEELEZEBHEHTITV/REERITTSS
EHTEBAVVRTIT AT Va—Yv T RYO—DEEBDIEHN. TOERADES
EEREBITBIEETEET,

TEETIE. PID »* 16244 THBFEDHERLTWET,
BEEDAIBICH LT )T IVIA LB % 4i/F §5IC1E FEEDLIICERITLET:

saturn. example.com:™ #f chrt -p 16244
pid 16244’ s current scheduling policy: SCHED OTHER
pid 16244’ s current scheduling priority: 0

TOERHLTHLWRT Y 2—ILiR) > —%&ETHHIC. ThENRD AT
Va—ITIT)V LI L TERETESBEEIOVWT. TORAEE R/IMEE
BRELTHEET:

saturn. example.com:™ ff chrt -m

SCHED OTHER min/max priority : 0/0

SCHED FIFO min/max priority : 1/99

SCHED RR min/max priority : 1/99

SCHED BATCH min/max priority : 0/0
SCHED IDLE min/max priority : 0/0

rEEDnfITik, SCHED _OTHER, SCHED_BATCH, SCHED_IDLE ®& R —
X FNFNELE O DADFITINTWET, SCHED_FIFO & SCHED _RR (&
BEEN 155 99 FTOHFTHRETIEIEARLTVET,

SCHED_BATCH R4 a— LR —%ERETBICIE, FEEDEDICEITLET:

saturn.example.com:™ #f chrt -b -p 0 16244
saturn, example.com:™ f chrt -p 16244
pid 16244’ s current scheduling policy: SCHED BATCH
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pid 16244’ s current scheduling priority: 0

chrt [ICDWT EBELIETZa7 )b R—Y (man 1 chrt) ZHFHA<IEIV,

14.4.6 sysctl #FIFA L= RTROF1—=>
J

FITEFICH—RIVDINSGA=IEFABELIYEBLYTEIEDTES sysctl A

VH—TIARBFATBEIET IRIAT S 21—SD BB EEBISERTS

ZENTEEY, sysctl DERIK BHAEDTI A, FRIRITATVREWTHh
¥ root CEITLATNIE RYFHEA,

H—FIWEBDEEFHHHTITE, FERDEICADLET:

sysctl variable

BERETDICIE, FEDEIICAALET:

sysctl variable=value

AT a—SBED sysctl BHD—EAFHAHAHT ITIE FEEDLIICAALE
9

sysctl -A | grep "sched” | grep -v’domain”

saturn.example.com:™ # sysctl -A | grep "sched” | grep -v ”"domain”
kernel.sched child runs first = 0
kernel.sched min granularity ns = 1000000
kernel. sched latency ns = 5000000

kernel. sched wakeup granularity ns = 1000000
kernel.sched shares ratelimit = 250000
kernel. sched tunable scaling = 1

kernel, sched shares thresh = 4

kernel.sched features = 15834238
kernel.sched migration cost = 500000
kernel.sched nr_migrate = 32
kernel.sched time avg = 1000
kernel.sched rt period us = 1000000
kernel.sched rt runtime us = 950000
kernel. sched compat yield = 0

BB, [_ns] ¥ [_us] TRDOBERIZ, ThEtht /e a8EMasLk
EERLTWET,
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FLETEO—ETIE.IRIATIa2—5D sysctl BED S5, Fa—=VJICE
EREDE.ZFOFRBAERLTVWEY (VT NHE /proc/sys/kernel/ RICIFEFELT
WEY):

sched child runs first
#FLL fork() SNAF7OEZAN . H 7O AN RITIREICRZR1ICETT
DR INBEDICRYET  ZD/INTA—4% 1 |[TERET D&, fork I
BICICFTOCRDEMEEILLDZLHORT TV r—avilid B
EICHRYFET &K, make —j<CPU #0> DLHBOATURSAVDIFE.
sched_child_runs_first Z#EICERELIEFOA LUK WVEREERIELE T,
BEE(EIL 0 TT,

sched _compat _yield
HWO(1) AT Va—ZDEMEEEMICL, LUERMNA yield EIfFETRIL
I RYFET, B (synchronization) 2% 95 Java 7TV r— 3> D
B, IDEEVIRETEHELYVLNVEREZRIETHIEN TEEXY 2720,
COMEIFHEREEICASA DEBEIBALIZEICDARELT IV BEE
&% 0 T,

8. sched_yield() AT LOA—ILDEMEICIKETET T r—avicitL
T ZOMBEZHRELLWGED 1 IKRETDELWVWTLED,

sched migration cost
B2 DBITHIBTDEE, [Fvyiaryh] THZHEHIBINDG FTORRERM
Rz, RBEOETHODZBIFETHRELE T, [Fybir] §27EBITIN
I WD, COEABINIE 2 ETYRIBITEDIRLT D ENTEET,
BEE{EIL 500000 [+/F] TF,

FITITAREITOEINAEFEETDIDIC CPU OEERHBAHFLUVEZWVES
I, COEZNILTHDELNTLLD HICH AV D CPU E¥/—RE%
TEF LTLEILOAZEIE. KL THBDDENTLLD,

sched latency ns
CPUZEICHEATIIRVICH LT, GBHEZFIETOEERMBICDOVWT,
TOBEZEEEZRELET, COEAEMIESE, CPU DY RVICEIYHTS
HALRTGAADKRELLBRYF T ARIDIALASARIE ATFYa—)LEINnT
BB BN AN TICHETRIICE D ETRVWET:

HALRASARA = ATV 21— )LER* (PRIVDEX /| RITF21—RICHBHIR
IDEIDEEHE)
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H2RIDEIIEHRID nice [EERT V2=V TR)—ITERELTREY
9, SCHED_OTHER IZHITBY R DEIDHR/IMEIL nice D 19 D&
EXT. 15 T YRIDEIDHZRAMEIL nice {ED -20 DEXT, 88761 IC
BYEY,

HALRAZARTERMNEINGT2ENIKRBRYFET FHELTVWEYZIDEHA
sched latency ns/sched min granularity ns 2882 5&. Y1 LATA R
(BIELTWBH Z%K) * sched min granularity ns [ICEREINZET, L2
SYDIRWIEE. Y1 LRAS5ARIE sched latency ns ICEREINF T,

T, CDEIIRIEFDIRIDEEREL TR DN A RICETLIICTZR
D AKEEREZEERLTVEYT . COEZEMIELE. BFRDIRY
N EEEE BS2ITICMDBE[MBALZYS . ED/ o, CPU ZEICEAY
BIRYDIZEE, ATV 1—FILLBBENMERT B EIRVFET BIEE
(& 20000000 [+/#] TT,

sched min_granularity ns
CPU ZEICHEATIIRVICH LT, G EHEZBIEOREDRIMEZRTE
LEY, 5#L<IE sched latency ns ZHFHHALEIWN, BEE(EIX 4000000 [+
/M TY,

sched wakeup granularity ns
H2UEHIFOHBEDOHEARELE T, COEAEINIEDEEEIFO S
B MELSRY, EICFHTRELEBEZTRIVRAVICH L TENLOADIFEL D7
RYFT, T, CDEAELERET B ELENFOIELED DAY GBIEIHE
TeXBBWI R IT] T BRI =Ty am LI BTENTEET L HFFICELR
RYAIIDERFEE FOLOIRIYRVE, CPU &L ERT9 RV EREBFIC
NIRRT NIEARSRW HEICHALEYT, BEEEIL 5000000 [+/7] TT,

®E

ZDfE% sched latency ns D¥HLUERIK RETHE. EEEFO LA
HENEOICRY, FEVWHIERGA7ILDIRIH CPU = HBETBYRIICITS
BT TLEWVWET,

sched rt period us
DT IVEA LTRH R DEigidslDE|Y B CREZERELE T, BIEEIE
1000000 [*f- O] TY,

sched rt _runtime us
DT IVEIA L7 27 LT, sched_rt_period_us DEARICEIY LTS
PDEEHRELET, -1 ZRETDE VT IVIALIRI VIS B s 54l
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B ITRDOELABRYFET BEETIE IV TILIA LY ZADIF 95 [%CPUE
EEE TR505DELTVWRED. EYD 5 [%CPUER] /-1 0.05 [#] »
SCHED_OTHER ISR EINLYRVICEIYETONET,

sched features
BFEDT /NI KEED B TIERIRHEITRIOHDEDTT,

sched stat granularity ns

BRAYAT V1= DFREHIN T DNE %R ELFTT,

sched nr _migrate
BITDYINIITEIYAH (softirq) DEAREIC, 7Oty Y E%EITES 4
2O AEHIEILE T, SCHED OTHER MRS —TZE DY R D ER S
N3 BETIR. FhLIEITRTAL Oy Y CEIMELEITE T, BEEE I 32
TY, CDEEECTE T IVIALRY AT BENEKRTEZ—A.
SCHED_OTHER M ALY RICH L THRER EA1TRSZEN TEET,

—
14.4.7 TINYTBAVI—TIARERF 2—
SREHER
CFS T LWT I\ T AU —D A ADRBEINTWBIEH, VAT LEMEFD
HEHERARHETIHEEEBHO > TWET BEETZT771IIE /proc Z7MILT R
FARICEEBEIN, CNOIFEHIC cat ¥ less DAYV RTHRARNBZIENTESRL

N2 TWET, /proc TALYNIRICIFEETDEETI7MILICDWT, FEEIC
REAZEFIZELFT:

/proc/sched debug
IARTDF21—=VJARBEHIH LT REDEZRTLET (FLE
14.4.618 Isysctl ZFIHLAZRTRFOFa—=7] (169 R—Y) %5
BR) . INLIRIYRIRTI1—ZDEMEICKHED HHEDDIEN, CFS DFE
FHEHR® AR TARTOTOEyHIIRTERTF1—BHRIAESENT
WET,
saturn, example.com:™ # less /proc/sched_debug

Sched Debug Version: v0.09, 2.6.32,8-0.3-default #1
now at 2413026096. 408222 msecs

Ljiffies : 4898148820
.sysctl sched latency : 5.000000
.sysctl sched min granularity : 1.000000
.sysctl sched wakeup granularity : 1.000000
.sysctl sched child runs first : 0.000000
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.sysctl _sched features : 15834238
.sysctl sched tunable scaling : 1 (logaritmic)

cpuff0, 1864.411 MHz

.Nr_running o1
. load 1 1024
.nr_switches : 37539000
.nr_load updates 1 22950725

[...]

cfs rq[0]:/
.exec_clock 1 52940326. 803842
.MIN_ vruntime : 0.000001
.min_vruntime : 54410632, 307072
.max_vruntime 1 0.000001

[...]

rt rq[0]:/
.rt_nr_running : 0
.rt_throttled : 0
.rt_time 1 0.000000
.rt_runtime : 950. 000000

runnable tasks:
task PID tree-key switches prio exec—-runtime sum-exec sum-sleep

R cat 16884 54410632.307072 0 120 54410632.307072 13.836804 0.000000

/proc/schedstat
REDODETF1—FETIMEBERERTLET, SMP S RFAICBIFTBRA
1Y BEOHEBRIOVTE EHRINTWS Oy Y TEICRTA TR
bhEFd, HHEREFEAPTVEDEIEWARWEDTHB70H. FELLIE /
usr/src/linux/Documentation/scheduler/sched-stats. txt ZHFHMH L
e AW

/proc/PID/sched
7OtRID AP THZHRTARRIF LT, ZOFAOERICETEZRATYa1—
IIEHRERRLET,

saturn. example.com:™ #f cat /proc/ pidof nautilus’/sched
nautilus (4009, fithreads: 1)

se.exec_start : 2419575150, 560531
se.vruntime : 54549795, 870151
se.sum_exec_runtime : 4867855, 829415
se.avg overlap : 0.401317
se. avg_wakeup : 3.247651
se.avg running : 0.323432
se.wait_start : 0.000000
se.sleep start : 2419575150. 560531
[...]

nr_voluntary switches : 938552
nr_involuntary_switches : 71872
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se. load.weight : 1024

policy : 0
prio : 120
clock-delta : 109

14.5 IS4 5158

Linux DYRIRT T a—) T ILDWT BBIN /I NHBECHFLEDHZEIE. LWL
DOHODIERBEEH > THBIEEBEIOHLET , TNEDOIBEDWNL DO %R FEEIC
BALEY:

&197«/791 FYRTLADY AT AV 25 EE TS Y =T
U (Jz&ZIE man 2 sched setaffinity) Z85H& <723

R a—=Y I AT RIRIERIE. AT

Ja—1)v 4 [http://ja.wikipedia.org/wiki/
%E3%82%BI%E3%82%B1%E3%82%B8HE3%83%AL%E3%83%BCUEI%EI%AA
%E3%B83%B3RE3%B2%BO] D Web R—I%FHiRMHLIEI N

Linux ICBIFBY RV R a—) 7 I —RIARERIE. Linux X
T2a—Z—0OR1E [https://www. ibm, com/developerworks/jp/linux/
Library/l-scheduler/] #EFHM X

SENFR R Ta1—3 LT 2EEDERIL. Completely Fair Scheduler
IC&B<ILF 7Oty [https://www. ibm. com/deve loperworks/jp/
Linux/library/l-cfs/] ZHFHmALLEI N

STENERIR 1 —S55Fa1—= 73358 DEEDIERIT.

Tuning the Linux Kernel’s Completely Fair Scheduler [http://

www. hotabout Linux. com/2®10/01/tuning the-Llinux-kernels-completely-
fair-scheduler/] (E58) B FHM;LEX

Linux DR7 P 21—ZR) =27 IIT) XALICET2EER#ERIE. http://
www, inf, fu-berlin. de/lehre/SS01/0S/Lectures/Lectured8. pdf (F:E) H
S5SRTEEY,

Linux DA AR 21— TICEF5,. Hh YL TV EE L, Robert Love
KD ED NI Linux Kernel Development (ISBN-10: 0-672-32512-8) (&
5B) BNEWTL&LD, http://www. informit.com/articles/article. aspx?
p=101760 ZSHRL TKZIL,
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¢ Linux A—FIOREICE T BLEEOHE Y =W 58I, Daniel P.
Bovet & Marco Cesati KONEM N Z4Z Linuxh—F /L (IR ISBN
978-0-596-00565-8) (HAZER: ISBN 978-4873113135) & BEH X
Ly,

o HRYRTT1—ZICFETBFEATIEERIL. /usr/src/linux/Documentation/
scheduler 77/ J)LAIC EBBINTWET,
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AEYEBYTORATFLDF 21—
=>4

A—RINICBITEAT)BIEBOIMEEBRRLIYF1—= T LEYTBICE. T
AE)EBMEEDENFBEAIBRAL MDY T AT LEEDIIICHT EETS
OO EH>THLIENEETT,

XEYEBY T RATFAIXREAE)TR—JvEE R EN, LIEOEBRTIE

VM| EBEENET, VM IZH—RILEEREI—TOTS L HDFIETIYELE
1) (RAM) OB Y TEEBTHRE AR >TVWET  Fh, 2—HF7OERITHL
TREBAEVRIEDRME (Linux H55RHEEERTED POSIX APl #2H) £1T/&2>TW
FI.ZNLUMNCE, VM EXEVDRRBLIEEDWIGEIC, Fv v aXE DK
P B ABRYDRIYTTONEE HATEIET AE)VDEEZRELE T
EEHITRVWET,

VM DFRABEPF 21—V T % 1TRIBICRE I > TEREIZEFK . TNHD
FryiantEDLIIIEBINTVWADNTYE, VM Fryall DWTHIET N
IO RDYTRPTFANV AT L (RYNT—=DT7MIV S RT L 5E) 18
ECRETD1/0 AR/IMETEHIEICHYET . ZNIE 1/O ZOED% [OET 5T
ETHERBTEFTL. REARSET /0 AEETHIETEHRIR TXFT,

ZEAE) I BETHNEENLDF vy 2L LTERINET  Frviav E
ZATVRICISRZAT YD FIATESHE, ISICF vy 1P ATy T % ERK
IKATRVWET L LADS XEYDNRRBTHE FryaldUsFonoh 72U, X
EYDNRTYTTIRINZYLET,

WEBRBICELVI T REZE LT B/ODNERELTEIC EBEHITIAE
VE% BYTEVIRRIHYET, CNICLYF vy aDBIRP R Ty TT7IRD
BE % BOTIEICRY MR ZM EIEBIENTEXTIRICPEINEZEELT

XE)VEBY TV RTLDFa—=VY
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. A—RIVDINSGA—YEZBIBIETHF vy Y17 E2ERTHEVNIFERD
HYUET,

BEICNIBREAZFDEDARELTF1—=V I ITR2URELHYET . BHELD
TNV —=oav@IT. 8ET 27O ERBP ALY RO EZZLHRIBE. Th
Zho7OZALBLICAT)EEBINDETEE VM FrviaDWRIT EET
LESIED ATV DA —N—~AyREEITLEVE T F/z. 7TV —2avh'B
SBEETNAYI7Rxvy a5 E|Y YR TBRIEE. TD Fvyl1aKELTHI L.
VM Fvy a2 LTHIBARBERAEY RS T J&ICBR>TLEVWET 2L
TOEZAEPALY R AEEPTIETI/0 @%EF’P/WT%»f/%ﬁ’Paﬂ_Uf
TEBIENTILFATRIETIVLIW HEEEARKETZHSEHVET . DFY N
AN ERAHTITIIERRDA ROEARWN ZEICRYET,

15.1 XEBVDFERH X

—REYICIZ. XY DEIY X TIE Tpinned] (B RE) (Tunreclaimable] (12
OITAAEE) EMENZHZBEEHYET), lreclaimable] ((EHIITHEE),
lswappable] (R7v 7 HEE) @ 3 FEEEICHIBTHIENTEET,

15.1.1 ER/XEY

BEZAEVE—RRIC. AT SLDE—TAEYPRYYIXE) (fEZIE
>malloc() RMETHRLIATY) DZEEIBLET, INld mlock NEREINTL
BiGav. M EATRARDY T SBEAEELAVEIBIEEERWTIEDIITH
B (reclaimable) M XE) TY, F/EZ AT I BOIL THREARRRIC/RSHE]
IC APV FIZEINRITNIE RYFHA BB ATYTOANR D (ROvT1Y /
27y TT7IRDEA) L EYYTETIER/IRI—=VDEWNMILY, R—I x4y
2ad /0 &YUE PRI ZEDMERICHYET,

15.1.2 R—IFvyda

T7AINT—=HICTTBF vy 2D EEIBLET 7ML T AR Ry hT—
IDBHRAEINDE, %@Wéti’\—y‘%’——\'ﬂy*‘/lp\]t:ﬁ%i‘hi@'o RAEHR—
X vy 1A TRITOREICHDIGE. TARIPRYNTI—IIC WTBT7IER
EREICRYET, tmpfs PEEAEDEIT AV MIR—Y FryallHFIC
BEFEY,
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T7AINCEZ AR TRONDE, TARAIRRYNT—VICEZ AT NS FIICH
LWF—=9DBR=—I Xy aRICREINET (DFYSA MY Foyallhi
VEY) FEEIAFNTOWARVWT—IBR—VURIIEET S HE. TN [Fh
7=l (dirty) RRETHZERBLEYT, FNREBELTHEIhTOWRLWR—=IL
[91)—>] (clean) WIRETHBERFELFT V) —VBaR—IFoyiaDR—
VI AEVD FARLABE. BMICENO AT 2 ETIEOHILTHAHARETT,
BENR— DIFEIEIBOILTHTRLNBENCET V) —VRRRBIC LS
niERYEEA,

156.1.3 \yI7rpF4vyia

ZhixTAavITF AR (f&Z I /dev/sda 12E) ILRTER—VFvyia TY,
T7AIWV AT LDIFE. T4RY LICH D inode T—TI)LeT7Os—3y Evhk
TYTRE, [X9T—5 | #BEICTIERTEEE. NvT7 FvviaaxfIBELET,
NYT7XEPYDAER—D Xy 1 EBARKRIC BOIITRIENTEET,

15.1.4 /8y I7P~AYER

Ny TAYRIGIMRELR BB ER T R—Vxvy a7 R EICEY YT S
N3EDTT, —fZIC. INBIER—TVF vy a0\yT7xvyad R—IHY
)=V ThHDIGE BEBICIEDIITRIENTEET,

15.1.5 514 bh/\vs

TIN)r—2av 774 IR L TEZIARETRIER—IUFryia (BLUY
Ny I77Fvyia) i3ENT (dirty) REICRYVET, R—IUD—F BEFENIK
RETHYKRITIZIBEC FNAT)ED RAM RO—EDE|&% BAIEEIE.
H—RILDSA MY I EBEENMEIEF T MIEBD ALY RIE ERIEZAHNIE
BIRIO. TINVr—avidZ0FFEELEITDIE B TEELIITA>TW
FT . T7TVr—2arvhR=IFvy a5 LT (BEXIAHEETLROT) WD
EEIEBTERWGE. FEN/R—Y Fvyrald RAM ETAZREEA LD
BIDNTHOTLEVET  COLIR GBEIE. FNIR—VF vy adBEZBA
BWEI TNV r—oa Ao B REIND LI >TVET,

XE)VEBY TV RTLDFa—=VY
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15.1.6 5@

VM I ET7AIWNT O EZADNY—V5BER L GBEICE > TUIETRAETRVET,
FEFANBTIE, FLEERINTOWAWEBEOT—9%, 771V AT LDD
R=IX vy aRICHEHRARE T NICEY DARVWEBTAIARBTED /OB
KR (KYERNRFEAHEL) Z2REBLTWSIED. I/0 NIBAEITUIET 174D
(V=2 av B #ELTWARIC 1/0 RN ITTITAD) LOICA>TWE
ER

15.1.7 VFS Fvva

15.1.7.1 Inode F¥v¥vy>a

CNIEENTNRDI7AMIN VAT LI L THERIN S, AEYRICIEIET S inode
BEDF vy 1T, I7MITAXR/IR—Iyay FREEY 771ILT—49~
DRAVIBREDBENEEFNTVET,

15.1.7.2 T4LIMN) TV M) DF vy

NIV RTLRICEETS. TALYVN)IZVN)DAEYAF Y22 TY, I
IEBE] (F7MILE) DIEFH. ZTNHBIRT S inode PFERBIVN RRENEFE
NTWET , ZDFvyrald. TALINIEBEEAS BRI BEN, LRITIZAIVICT
JERATBHBIFERAINET,

15.2 A€ ERAEDHEIE

15.2.1 malloc (E4) f#FADHIR

openSUSE 12.3 Tk 77N r—2avfIns AT Y #EIY YT B, openSUSE
10 ICHARTELKDAE) ZEIYHTRIGEDHYET . INIL glibc AAI—H2R
R=ZADAE) % BV ETHEE. TOBEDEENERICHEO>TWSLHTY,

VRTLDWEF A=V THAR



FELLIE http://www. gnu. org/s/libc/manual/html node/Malloc-Tunable-
Parameters. html ZHFHMAITRY, INSD/INSA=FIITDWTRABETHLO>TE
e

7. openSUSE 10 OEIEICELA=WBEIE. M_MMAP_THRESHOLD
DIEIX 128*1024 DEICRELTLEIVW, ZNIET7 TV r—2avfins
mallopt() VT IETERBETEZIEN 7TV r—avDRITHIIC
MALLOC_MMAP_THRESHOLD DEBELEH AR EL CEERTXET,

15.2.2 A—RIVDAEY) A —13—~y DY

BOIITARRAN—FRIATE) (ERBRDFvyoaiE) F ATYDTRELE HE
IKIFBEBIRICBIRINE T, TNUAD LS DA—FRILAE)IZBEICIE BIRTE
FEADMFEARICI O THRERINIXAEELNELLET,

ZD=H, A—HRITONEBTHETZER ST (BEAMICIITOE %
BOT . T7MILPYTy N B ERDTE) CET. A—RILDXAEY FHE%
WS IENTEET,

15.2.3 XEYavbO—3 (A EYOREI IV —
7

XEY DT IV—7T (cgroup) BEEN R ERIFE . H—FI DAYV RFAVIC
cgroup_disable=memory #EBINT 5T, COMEEEABEMETHIENTEE
T CNICEY A—RILDAEHEZETFT D RTBIENTEILT,

15.3 REAE)TR—T+ (VM) [T
BFa—=V T INSA—4

VM %F 21—V T 558, Fia—=V/RBICEB LB EBONIE IR L
T RRBVIRIRINDETICE, LIESK DB B ETH DI EAIBMRTINED
HYFT L NEN 1 HERLTELTRLOABEIE. ELZEBFETE B
RBRBDEVEREDZEICEFENVETT . ILILEDE. HERFEDEM TlE
Z2I—Ty B EIEREEN, JIDRXETIIFHRICADIGEEHYET,

XE)VEBY TV RTLDFa—=VY
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15.3.1 B&EX

/proc/sys/vm/swappiness

ZOHEIENE. HA—RIDEZGATVARTYTTINIEEE R—VFxvyia
PEDMMDF vy 2 R U EDEEARETIEDTY  ZDES 18
mIeEsE, A7y TNEBHNLRYET BEEEIX 60 TY,

279 TD /0 &, —fBICFDMD I/O ICHARTHENKEIKEVNEDTT,
LOLEDS R=IFvy S alDR—JICEL T IFEAEFRINT W
WEEZXENLYESEBEICT IV ERAINBIZENHYET, ZD7=H, IELLWN
SV REEBDHENHYET,

MIBHNELR>TWBRICRATY T DEMEN BB INDIHE. CD/INTA—F%
NSRBI BEMRTEDIGEDNHYET I ZED I/0 EBELNEETS
RIET. YRATLARDR—I Xy 1 8NHBHDRWZEE, LI KRR
REILHBTT)r—arv BN SHEBLTWSLIWIFE, COEE BINSE
BIETHRENRET AL HYETY,

L EVELDT—IDNRTYTTININDE. FNODT—IDBEIC
BofIGB AT TNOT — 9 %A T DICKEZR 5L 10D EIC
FARLTLEEL,

/proc/sys/vm/vfs cache pressure

ZDfEIF VFS vy allFHINTWIAEYEIBDHIITEEOH—RILD
FEERE R—IF vy a1 RV TEDLRTHETZEDTT 2D B
AEINIE3E, VFS FvyladIiEHIITHERAEMLET,

ZDEICDVWTEERREITEDHT WOEBRTRELOMNIEHLWEET
¥, slabtop A K (procps /v —IW) TlE A—RILEITHERALTWS
AENVATOIMIDWT, ZLFERAINTVWREDERTRTHIENTEE
9, VFS Fvvald "dentry" & "*_inode_cache" EWIATITIREZ TR
TINFET, INLDBENR—IF vy allERTARELBRESEELT
W2I5E., COEEZBMITRELVWTLED Fa ZOBMICLY, RTy T
A PRKIERIEETEET BEIEEIL 100 TY,

/proc/sys/vm/min_free kbytes

COEIF T Iy ] YL T (BEDIL TUEBEAEFHE TEXRVWEY YT A4
VBB FREEEITICEITTE MRS W XBYEAHIELE
T INIIXEVFRICEAL TEREFa1a—=v I L IOIRIBEERVT,
INEERETRETIIRVMETYT BRI —NT7T)r—ravsYEH
AHEZRBFICERRRETY) O 771ILRIC [R=IEY L TORK

VRTLDWEF A=V THAR



(page allocation failure) ] Xy t—IJ &Ry I RL—ZADBERICH XN S
LORIGEIF. INOD T —AHRLABTEEET min_free_kbytes #K
ETRIENTEEY, INLDAVE—INIFEAERELBVWLIOIRRIET
F RABEEZDZVEIT HYFEABEEEIE RAM DBREICF>TRFVE
ED

15.3.2 1My Y (WMERL) /35 X—%

openSUSE 10 LIED/NN—U 3V Tl SA MY IBMEICBII2EBERE RS &
LT 77MILDREINTz mmap() XEYHIEIRFISENRIAE)ELTRDNS
EXRITRENHZEDELTURDONS) WD RAHYFET, LREID/NA— 3y
Ti& mmap() BEERINEP. msync() DY AT ADA—ILH UK IN R,
FEEFAEVICHLTERAZEOEMBAREER S IIGRICEIRINET,

TV —23vIl&oTE mmap() ICEAT 3 LEEDAEKREBREA/EHFEYDED
T 2 BEN B B2 B AN HYET, Berkeley DB (BLUZDVIRNIIT %
FRALTWAT ) r—23y) BZOBEICEEFNDYINIITD 1 DTHY, Z
NICE > TRIBARELT T, COMBICHLTIE. SAh vy (BEEREL) DEIA
EEAEIBPT IETERTEIENTEET,

/proc/sys/vm/dirty background ratio
CHIZEEXRELIEOITHESRXTDEIEAERETIEDTT, ENik
(TARVIIEZIADKEDH D) R—IFvyPahITRELLEIE%E B
ABETAMNYY (BERL) ALYRDPEEILTENI AT & T4 RVILE
ERLEY . BIEMEIE 10 (%) T,

/proc/sys/vm/dirty ratio

ERRICBAETT L. CDEZBBLIZRIE R—TFryall FE
RUT ) r—2avid—RELEIELN. Sy (BEXAH) DEHLBIE
THEIICBYEY BEEIEIL 40 (%) TY,

NS 2 DDEIF.AR—IFryaDTM My (BERL) BIMEICHEE 523
HEDTT . INODEAEIMIETRE, VAT LARICISRZFNIAE)E RUE
BIRERTBLIICARYET Y RTLARICIORDFENIATYDNBEETD &Ik
BESAMNNYIUIED 1/0 BREIFDIEICE>TRIL—T Y A WETEDIEN
I, ISICEER 1/0 WBATRSITENTEDZIEIC BRYET  LRLGE
NIATYDENEZZE AT AIBDHIITRITHIE BRSRWEER. TA4RIA
DEZRLOBENRELLRICT —YDESM (sync) RAVINTEENEET
rTEICRYET,

XE)VEBY TV RTLDFa—=VY
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15.3.3 FEfH/ NS A—4H

/sys/block/<>/Y+4 X>/queue/read ahead kb
1 DFLIFEHOTOERAN 77/ IV EIBICEA T TWSIGE. h—XIL
I 7RERBISH LT T—YDHmMARAAEFEDNRELLRWLIIIT B0,
771V ERIE > THRMAAT (mHL0) BXFT . REOEFZHEIT BN
ICETEINABAEHEAA>TVWT. ENEF 1/0 PIEFEBYICKRAZENT W
BOMEDTRFEVET CDNSGA—=ITIE BE—DI77M1ILICH LT h—=x
I EFATEIRAELRELET, 77 1L DHEHFAFDEE. EF EHBYD
FAIAAD TR RN EN DI 275 E L COEXIEYTIE THRRT
BIGEDHYFET , CDEEAREIKLIECLED>E EFAHICFERLEER—Y
Fry adMFERAINZLYERNICIEOHIITONTLED HENEZILNBIF
MNARER /O ICE>TEMEINEL B> TLEISZEN HYF T BLEEIX 512
(FO/1HK) TY,

15.3.4 ¥57%3% VM /NS A—%

VM DF 21—V T BEED/IRSA—FICDWT, T2 —E&Ik /usr/src/Llinux/
Documentation/sysctl/vm. txt 774 )L (kernel-source /X\vsr— ) ICEHN
TWEY,

15.4 FEY—BAEYF -t (Non-
Uniform Memory Access (NUMA))

VM IZDWTES—DEEICRYDDHB1EEIE LT, @4 NUMA Y 4T &
BRAERMETEEVIBENHYET, NUMA EEFTHE—BIXEYTIERAD BET,
SHEILBITBTILFVA Y NIDH—/NE NUMA IS L TWET, NUMA 1ER
Dy TRFx vy ahtREE CEETABRDE_DEEREET. NUMA DXEE|
YL TOREICH->TUE ZHORF XV IPRBINT VWET R—IUDIBED
ITICEADLBETIK, FEED 1 DD/IRSX—9D FELET:

/proc/sys/vm/zone reclaim mode
CDINFGRA=HE MDD/ —R ETELDAEYHNEZITR>TWBIBETH, X
EYDEBEHITUEEZO—HILD NUMA /—RTERITTEHEINEFIE L
T, ZD/INFTA—HIF,. X545 NUMA BHEDEEMNTARbhTWETIY
ThHNIE BEINICEMICEEINET,

VRTLDWEF A=V THAR



NUMA XY ETVM Fvyoah g R TDOAE) A HETRIENFTIN
2N 3B A, zone_reclaim_mode % 1 ICSRETHIENTEZT, 0 528 F
T5E, CDIIBEINEERMICLET,

15.5 VM BifFDER

VM OENMEAEBIR I 2ICH > TUE. FEEDIIRI VTNV —ILHHYET:

1.vmstat: 2DY—ILTl&, VM DIRETR>TWBANEBICIDOWT, ZOBMELE R
TIEBRIENTELTHLL 2.1.13F Tvmstat] (10 R—) ABHMH L
I,

2./proc/meminfo: CDIT7AILTIE, FNENATE)D EDLDIHEHRINTNS
OO ERRHICR DO LIZEDERRTEET, 7 L<IE 2.4.218 [FlAAE)E
FH&: /proc/meminfo] (29 R—) HHFHALIEI,

3.slabtop: 2DY—ILTlE, A—FRILD slab XEY /v T7 ANyR, T4LIN)
IV M) inode Fvva, ext3 inode_cache AEIC DWT, BB EHR A
RRTBDIENTELXT, ZDOATVRIE, procps Sy —JIcE&FENTWET,

XE)VEBY TV RTLDFa—=VY
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KYNI—HODFa—=2Y

FYNT—=OH T AT AIFLEEM L THEA T Fa—=V LI AT A
D FERYFUAICKREUEKELET, ZNUMCE. BFEVDRYNT—I RN THI A
LT WBYIRNIIZTIZAT VR N=RIITT7IAVR—R VN (RAYF I—4,

F—=RoIA712E) BREABERICEREIEKELE T, Linux I—FRILTIE (558
MEZD, F—/IANYRDEIPRIN—TYMNDEILYEEBEZED VAL I%E RO/

AR>S TVWET , ZOMDFREIFEF 2 TAZBEIKTEHEENED H2ED

EHYFTTH NI > THREZNETDIEBTEET,

16.1 A—RILDYVTry Ry I7DERTE

RYRNTD—IEBEEICBERICERYS TCP/IP 7OMILEYT YN 15—
TTAREEBICLTWET, TCP/IP ICDWT, LI F13F Rvr,T7—2D
B (1) IT7LVR) ABFHHLEEIW, Linux H—RIVIE YTy kv o75F A
LTYTYRN V=T IAARBRATDT =Y EZESE 1THRVWET, A—XRILAIDY
FYRINY TP DWTFa—=V T ORMAHYET,

EE: TCP 0BEIFa1—=7I1CDWT

A—RIWIN—=23> 2.6.17 LIETIE. AT 4 [MB] FTONYI7HA XD
SEEBEFai——VINMTRDLNET, CNICKY. FEEXETDFa—=71F
FEAEDGZE. RYNT—OMREENETEHIEITEDRNYERA T2, T
IR ERHUICOVWTIAEZERTAMABWNIINLYVSLWNERTHBIHEN H
BIFEN DK EEFa—Z VT RZEI LYV EFREATROMVELHYET,

FYNI—=ODF1—=vT
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HWAR—U3VDOH—RIHDSEFLTWBIEESIE. ChOFEEICLS TCP
Fa—=VJE BEIF1— VAT BT8RO IYUBRWTEIRE
RETY,

/proc Z7AIVY AT LARICFETBRKEDT7MIL TlEA—RILDVry by
T7DHYARXEFMEAEETBIENTEET, /proc 77V AT ALICDWT, 5
L<I& 2.678 [/proc 771V AT L] (34 R—D) B HHIEIV, Ry NT—F
BEED 771 ILIETFEDTALIMNICHYET:

/proc/sys/net/core
/proc/sys/net/ipvéd
/proc/sys/net/ipv6

—RRHI7R net LFDZEHUTDOWTUE, A—FRILD RFaXVF—aY (Linux/
Documentation/sysctl/net. txt) TEEAINTUWET, ipvd LT DKL
#IZ DWTE. linux/Documentation/networking/ip-sysctl. txt & linux/
Documentation/networking/ipvs-sysctl. txt CEREAINTWET,

/proc Z7AIVY AT ARTIK, F2EZIETRTO 7ARINICHLTRRY Y
SZENYIFTHAZIRRAVTYNEE Ny I7H A X %RETDIENTEDIEIN,
TCP Z’ARII (ipvd R) IR L TDHRETDIEETEET, TDIEFMN. TART
DO7ORIVICRH U T EEXREETRIEETEET (core)

/proc/sys/net/ipv4/tcp moderate rcvbuf
/proc/sys/net/ipv4/tcp moderate rcvbuf A8 1 ICEREINTWBRIES. B
HF 12—V HEMCEREIN N\ I7 A INEHTRHREINET,

/proc/sys/net/ipvd/tcp _rmem
IITRARING 3 DDEI. ThETh 1 HEHEHIEYDAE)ZENNvI7
A ZDw/IME/ WEE HRKEEZRHDLET,ZITHEET DXL, TCP
DIAVRIHA XTI R ERDAE)EHETT,

/proc/sys/net/ipv4/tcp wmem
tecp rmem EFI LT, IB51F 1 EHEHIZYDAEY FEENYITF7HAXDHRN
&/ Rl ZAREZZRELET,

/proc/sys/net/core/rmem max
TV —oa IS ERTEER, RIENYI7H A XADRKEZRELE
ERS

/proc/sys/net/core/wmem max
TV =2 a IS ERTEER EENYI7H A ADRKEZRELE
ERS

VRTLDWEF A=V THAR



/proc ZFIETEHIET. AER TCP #EEAEMELT S £TEXET (BEETIX
FTARTD TCP HEENEMICEREINTWET) /&2 FERDOLHIR TN
HYET:

/proc/sys/net/ipv4/tcp timestamps
TCP 914 LRYVTIE RFC1323 TEEINTWBEDTY,

/proc/sys/net/ipv4/tcp window scaling
TCP DUAVRIRT—1)> 5% RFC 1323 TEZINTWBEDTT,

/proc/sys/net/ipv4/tcp sack
EIRFEEEISE (SACK) DEREEITRWET,

sysctl ATV REFATBIET, /proc 77MIV S RTARICHBIER EFHE
XTBZE DNTEEY, sysctl (F /ete/sysctl. conf 771V EFHAAL LA
ISR TWBH VAT LDBESREREALTFHRIE KITHIENATESRE
WM T, cat (FidiAdH) ¥ echo (EXIAA) #FIAT2LUIEE R AETY,
sysctl ZFHTRETARTOEREZDEEFZHADIED BEICITRAET,
root TREEDLIRIATVRERITTSHE, TCPRAEDHREE—EBERRTHIE
N TEET:

sysctl -a | grep tcp

¥ XYM TI—OBROF1—=V T ICLBIRESRICOWT

FYNT—VEBEDEREF1—=V 7 §5IET, CPUPXEYLRE thDT R
TFLEBRICHENHDIGEDHYET,

16.2 XRYMNI—IDRMVRY IR E
RYNI—=IO RS T4 D

FYNT—=DFa—ZV T H&ITRIFNC, RYRT—=IRIDRNIL R I Ry hT—2
DS T4 IRI—=D I DWT. HOHDLOETNSEXFLTHL TEHNEETT,
INSDRMLRYIEFRBTBICH =TT WDOHDD V—ILEFIAT O L
WTL&£LD,

FYNT—O RS T4y DHHTICIE, netstat, tepdump, wireshark ZE D LS
Y—ILHMEFITY, Wireshark IERyNT—I NS T74v 0D TOT 5L T,

XYNT—=ODFa—=29
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16.3 netffilter

Linux D774 7 04— AAL—R#BEIL, netfilter EIEENZH—FRIL E
Va— LR T BHEET Y, INSIFIL—IR—RADTL—LT—IT . BEIC
HAIRARXTBIENTEE T HEIRYNT—Iy NBREDIL—ILIZEEY
IB&, netfilter [FIL—ILTEREINTWREBY /Sy aZ T ANLY IEERL
U ELIET RL ZAE IR E DRFFRRALIR (19— v N ]) 2ITIRVWET,

netfilter ICIE S DR EEENFHET 27D INEaERBLTHMEIHYZE
o TDD L DIV —ILHEREINTWBIGE. TNEIF/ Ny NOUIEICES

B DB EITRYFET, Tz BEREFEBRMERE (connection tracking) &
FRLTWR5SEIE. ChEEBRMKISREREIIRS D, Xy NT—J0LI18 2K

FREEIEZRERICRBIIGENHYET,

£ L <X netfilter/iptables 7OY TV h®D Web R— http://
www. netfilter.org ZEFHEALTEILY,

16.4 X545 1HH

» Eduardo Ciliendo, Takechika Kunimasa: lLinux Performance and
Tuning Guidelines] (2007), esp. sections 1.5, 3.5, and 4.7: http://
www. redbooks. ibm. com/redpapers/abstracts/redp4285. html

+ John Heffner, Matt Mathis: [Tuning TCP for Linux 2.4 and 2.6] (2006):
http://www. psc. edu/networking/projects/tcptune/#Linux

VRTLDWEF A=V THAR


http://www.netfilter.org
http://www.netfilter.org
http://www.redbooks.ibm.com/redpapers/abstracts/redp4285.html
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http://www.psc.edu/networking/projects/tcptune/#Linux
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M—RY—b

openSUSE TIE, BFEWVD YR T AICE T BEFQIEREIRINT 572HD e
Y=L REINTOE Y, RENAREABRE LT, &2 EBFEVD 7075
LIZBFBT N\ TPRERRDODBERD, HEAZELTWS RRERRET
B1-ODER. B LLITETHROTOERIHLTFERALTWS Y RTFTLERAEB
M BODIERREDHYET, INSDY—ILIEEIC AV AM=IL AT AT RIC
EFNTVWEITH, SUSE VIMNIITRHREFYN DOAVAM=ILTEED £HY
9,

FRS: NL—REMEADKER

TORRCH LTV AT LR SATIVROCE LD M —R GBHF) 21TH27 35
B ZTOTOEZADMEEIFKECELET, ZDRH. NL—RBEEDY—)LI
T—YHDINEAEITRDEZITEIFTRBALEIL,

17.1 strace Z2FIBL7>AFL0—)b
DL—R

strace AV YR, 7AOEAAFETEVRATLAI=IC RETEVTFILICDW
T ETNOEBHT2AHODTOYSLTY, strace AV REHR/ICEFLT
VAT LOA—IVEEBH ITBHIENTEREN BEICEELTWBOT U RICE LT
strace AR ETDHIEELTIFT . ZOATVROBEAIICIK, YRAFLI—ILDE
MDIFH, ZTITHERELRNAS A= (FBIH) PRYERE NEFNTVWET,

—RY—Ib
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HFLWIOTYRERE LT AT AI—ILDBHFETARIICIK. OXVRSAVD B
JHIC strace EANLTHS, HEIEBEERYDOITVR AV EANLET:

tux@mercury: > strace ls

execve(”/bin/ls”, ["ls”], [/* 52 vars %/]) =0

brk(0) = 0x618000

mmap (NULL, 4096, PROT READ|PROT WRITE, MAP PRIVATE|MAP_ANONYMOUS, -1, 0) ¥
= 0x7f9848667000

mmap(NULL, 4096, PROT READ|PROT WRITE, MAP_PRIVATE|MAP ANONYMOUS, -1, 0) ¥
= Qx719848666000

access(”/etc/ld. so.preload”, R OK) = -1 ENOENT ¥
(No such file or directory)
open(”/etc/Ld. so. cache”, 0 RDONLY) =3

fstat(3, {st mode=S IFREG|0644, st size=200411, ...}) =0
mmap (NULL, 200411, PROT READ, MAP PRIVATE, 3, 0) = 0x7f9848635000

close(3) 0
open(”/Lib64/librt.so.1”, 0 RDONLY) =3
[...]

mmap (NULL, 4096, PROT READ|PROT WRITE, MAP PRIVATE|MAP_ANONYMOUS, -1, 0) ¥
= Qx7td780f79000

write(1, "Desktop¥nDocuments¥nbin¥ninst-sys¥n”, 31Desktop

Documents

bin

inst-sys

) =31

close(1)

munmap (0x7fd78079000, 4096)
close(2)

exit group(0)

NN oo

BEICEFEFAOTOELRICK LT strace 2B ETBICIE, -p A7 avEFIAL
TERLAAVWOEZROTOEX ID (PID) 2i8ETINENHYET:

tux@mercury:~> strace —-p “pidof mysqld®

Process 2868 attached - interrupt to quit

select(15, [13 14], NULL, NULL, NULL) =1 (in [14])

fentl(14, F SETFL, O RDWR|O NONBLOCK) = 0

accept(14, {sa family=AF FILE, NULL}, [2]) = 31

fentl(14, F _SETFL, O RDWR) =0

getsockname (31, {sa family=AF FILE, path="/var/run/mysql”}, [28]) =0
fent (31, F _SETFL, O RDONLY) =0

fent (31, F GETFL) 0x2 (flags 0 RDWR)

fent (31, F SETFL, O RDWR|O NONBLOCK) 0

[...]

setsockopt (31, SOL IP, IP TOS, [8], 4) = -1 EOPNOTSUPP (Operation ¥
not supported)

clone(child stack=0x7fd1864801f0, flags=CLONE VM|CLONE FS|CLONE ¥
FILES|CLONE SIGHAND|CLONE THREAD|CLONE SYSVSEM|CLONE SETTLS|CLONE ¥
PARENT SETTID|CLONE CHILD CLEARTID, parent tidptr=0x7fd1864809¢0, ¥
tls=0x7fd186480910, child tidptr=0x7fd1864809¢0) = 21993

select(15, [13 14], NULL, NULL, NULL

VRTLDWEF A=V THAR



—e ATV AV TIRBERD Y T T3V o RSA—95 I5ETEIENTEET .
EZETFAIVERRIBOLESADNIB T 2B T 5ICIE, FREDLIICET
LE9:

tux@mercury:™> strace -e trace=open,write ls
open(”/etc/ld. so. cache”, 0 RDONLY)
open(”/Lib64/Llibrt.so.1”, 0 RDONLY)
open(”/Lib64/libselinux.so.1”, 0 RDONLY)
open(”/Lib64/libacl.so.1”, 0 RDONLY)
open(”/Lib64/libc.so.6”, 0 RDONLY)
open(”/Lib64/libpthread. so.0”, 0 RDONLY)
[...]
open(”/usr/lib/locale/cs CZ.utf8/LC CTYPE”, 0 RDONLY) = 3
open(”.”, 0 RDONLY|O NONBLOCK|O DIRECTORY|O CLOEXEC) = 3
write(1, “addressbook. db. bak¥nbin¥ncxoffice¥n”..., 311) = 311

L LI | | | B | B |}
W wWwWwwwww

FYRNT—OBED Y AT LAO—IVEFAEBH T 5ICIE, -e trace=network &35
ELET:

tux@mercury: > strace -e trace=network -p 26520

Process 26520 attached - interrupt to quit

socket (PF_NETLINK, SOCK RAW, 0) = 50

bind(50, {sa family=AF NETLINK, pid=0, groups=00000000}, 12) = 0
getsockname (50, {sa family=AF NETLINK, pid=26520, groups=00000000}, ¥
[12]) =0

sendto(50, "¥24¥0¥0¥0¥26¥0¥1¥3 p¥315K¥0¥0¥0¥0¥0¥0¥0¥0", 20, 0,
{sa_family=AF NETLINK, pid=0, groups=00000000}, 12) = 20

[...]

-c AT aAVEEETEE. FNFNDYRATLAOI—IIC BP LB ETEIN
BEOICRYET:

tux@mercury:™> strace -¢ find /etc -name xorg.conf
/etc/X11/xorg. conf

% time seconds usecs/call calls errors syscall
32.38 0.000181 181 1 execve
22.00 0.000123 0 576 getdents64
19.50 0.000109 0 917 31 open
19.14 0.000107 0 888 close
4.1 0.000023 2 10 mprotect
0.00 0.000000 0 1 write
[...]
0.00 0.000000 0 1 getrlimit
0.00 0.000000 0 1 arch_prctl
0.00 0.000000 0 3 1 futex
0.00 0.000000 0 1 set tid address
0.00 0.000000 0 4 fadvise64
0.00 0.000000 0 1 set_robust_Llist

100.00 0.000559 3633 33 total
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HEDTOLRICH LT ZNODFIOEREHHETERTELIIC THITE.
-f ZIBELET:

tux@mercury:~> strace -f rcapache2 status

execve(”/usr/sbin/rcapache2”, ["rcapache2”, ”"status”], [/* 81 vars %/]) = 0

brk(0) = 0x69e000

mmap (NULL, 4096, PROT READ|PROT WRITE, MAP PRIVATE|MAP_ANONYMOUS, -1, 0) ¥

= 0x7f3bb553b000

mmap (NULL, 4096, PROT READ|PROT WRITE, MAP PRIVATE|MAP_ANONYMOUS, -1, 0) ¥

= 0x7f3bb5532000

[...]

[pid 4823] rt sigprocmask(SIG SETMASK, [], <unfinished ...>

[pid 4822] close(4 <unfinished ...>

[pid 4823] <... rt _sigprocmask resumed> NULL, 8) = 0

[pid 4822] <... close resumed> ) =0

[...]

[pid 4825] mprotect(0x7fc42cbbd000, 16384, PROT READ) = 0

[pid 4825] mprotect(0x60a000, 4096, PROT READ) = 0

[pid 4825] mprotect(0x7fc42cde4000, 4096, PROT READ) = 0

[pid 4825] munmap(0x7fc42cda2000, 261953) = 0

[...]

[pid 4830] munmap(0x7fb1fff10000, 261953) = 0

[pid 4830] rt sigprocmask(SIG BLOCK, NULL, [], 8) =0

[pid 4830] open(”/dev/tty”, 0 RDWR|O NONBLOCK) = 3

[pid 4830] close(3)

[...]

read(255, "¥n¥nff Inform the caller not onl
rt _sigprocmask(SIG BLOCK, NULL, [], 8) =
rt sigprocmask(SIG BLOCK, NULL, [], 8) =
exit group(0)

strace DHEAEDTEIRENHZHEP. HAOINDE AvtE—IUNRTES:
O AVY =) TEERZRTI2OHNRETHZIHEIE, -0 7T VavaEsENE
IV, ZDHBEE. TOEAAND BHEPERGRIROAvE—IRE AERERIE
BEINFT.INOD XvtE—Y (BEIFELHDICHEAINTET) 2E8ET3
I, q ZIEELE T, T ETICRLTIMILRY Y T RRLIZWHEI, -t
HERLET:

tux@mercury:~> strace -t -o strace sleep.txt sleep 1; more strace sleep. txt
08:44:06 execve(”/bin/sleep”, ["sleep”, "1”]1, [/* 81 vars x/]) =0

08:44:06 brk(0) = 0x606000

08:44:06 mmap(NULL, 4096, PROT READ|PROT WRITE, MAP PRIVATE|MAP ANONYMOUS, ¥
-1, 0) = 0x7f8e78cc5000

[...]

08:44:06 close(3)

08:44:06 nanosleep({1, 0}, NULL)
08:44:07 close(1)

08:44:07 close(2)

08:44:07 exit group(0)

strace DENMEEH D RISBEWEE THRYYA XD EHETY 55 L< I3 BEE
TB5Y=aTIL_R—Y (man 1 strace) B FHHLLEIL,

y v’..., 8192) =73
0
0

mnw uw n nn
NvNoe oo o

VRTLDWEF A=V THAR



17.2 Itrace ZFIB L5175 RUH
LOML—R

ltrace (X7 AERICHITIEN ARSI TV HLE BIFLET, strace (T8
T REEFERTEZEDT, NS5 A=IDELELB>TW Y, £<ALEKRTH-
7=ULET . BEETIE Ltrace 1& /ete/ltrace. conf F7=ik ~/. ltrace. conf ICdH
BERETFANEFERLES, -F RETZ 77/ &EHAT ETHEDERE
T7AIVEIRETDHIEETEET,

SATZVORCHLICINAT, ltrace T -S A7 avTYRFLAO— )L AR
IEB S B EHTEEY:

tux@mercury:™> ltrace -S -o ltrace find.txt find /etc —name ¥

xorg.conf; more ltrace find. txt

SYS brk(NULL) = 0x00628000

SYS mmap(0, 4096, 3, 34, Oxffffffff) = 0x7f1327ea1000
SYS mmap(0, 4096, 3, 34, Oxffffffff) = 0x7f1327ea0000
[...]

fnmatch(”xorg. conf”, “xorg.conf”, 0) =0
free(0x0062db80) = <void>
~_errno_location() = Qx7f1327e5d698

~ ctype get mb_cur max(Qx7fff25227af0, 8192, 0x62¢020, -1, 0) = 6

__ctype get mb_cur max(0x7fff25227af0, 18, 0x7f1327¢5d6f0, 0x7fff25227af0
0x62¢031) = 6

~ fprintf chk(0x7f1327821780, 1, 0x420cf7, 0x7fff25227af0, 0x62e031
<unfinished ...>

SYS fstat(1, 0x7fff25227230) =0
SYS mmap(0, 4096, 3, 34, Oxffffffff) = 0x7f1327e72000
SYS write(1, ”/etc/X11/xorg. conf¥n”, 19) =19

[...]

e AT avEFIATHIET BT 2I RV NDIERE BERETDHIENTEE
T, FEEDHITIE, frmatch & strlen OEUICEBELASATSVRUHLICZD
WT RRETRO>TVET:

tux@mercury:™> ltrace -e fnmatch,strlen find /etc -name xorg.conf

[...]

fnmatch(”xorg. conf”, ”xorg.conf”, 0) =0

strlen(”Xresources”) =10

strlen(”Xresources”) =10

strlen(”"Xresources”) =10

fnmatch(”xorg. conf”, ”Xresources”, 0) =1

strlen(”xorg. conf, install”) =17

[...]

BEDSATIVNEFNEYVVRINETERRTBICE -l S 7ZY~DsY
X = EALFEY:

tux@mercury:™> ltrace -l /Lib64/librt.so.1 sleep 1
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clock gettime(1, Ox7fff4b5c34d0, 0, 0, 0) =0
clock gettime(1, Ox7fff4b5c34c0, Oxffffffffff600180, -1, 0) = 0
+++ exited (status 0) +++

-n FHK HI/ETDHIET, TRETNBIRNICEVHINTWSESAT S Y
HUICDWT. FNHE [TV RRRIBEBIENTEF T ZhICL>T HAO%
AT THRIENTEET,

17.3 Valgrind 2§ LT /v &S
a774Jv

Valgrind B BEWVWO 7OV S LICHLTT Ay TO77/ )V &1RE 95
Y—IVET. BRICTS—HR<EETESLHLEATT, Valgrind (& XEVEEP
ALY RILIBICRE T BRIEA R T BIENTEZIEN . FILW TRV — )L E1E
LIEEOTIL—LT—IELTERETEIENTEET,

17.3.1 1 A=)V

Valgrind (ZZ# D openSUSE BEAMICIEE TN TOWERHA. BFEVD YR T A
ICA VA=)V BITIE SUSE VIR I 7RFEF YN ZEUSL. PRA VR MmELT
EBLE HeE.

zypper install valgrind #£F7L%7,

FNLAICE. SUSE VIR IT7RFEF YN OT4LIN)V)—%ZSHRLT
Valgrind /v —2 D 5iA& R DI,

rom -i valgrind-/V—2>3> "F—FF I F . rom DEIICEITLTENFL
FH A,

17.3.2 Y R— M RODT—FTIF v
Valgrind & FEEDT7—F 7V F v+ CEIELZET:

+ i386

+ x86_64 (AMD-64)

* ppc

VRTLDWEF A=V THAR



* ppc64

» System z

17.3.3 — RN 1548

Valgrind 292X 2EMIE. BEFEOIVIIVEAFRIT 771V EFE LT
AEITDEVDAICHYETS, Valgrind ZFERT2ICH>TIV/ ML LELE
Y. 7OV S LEBELLYTZHEIEHYFHE A, Valgrind (£ FEEDLIICLT
E1TLET:

valgrind Valgrind 077> 3> TATSL Ol S5Lpa4 7> 5>

Valgrind (ZEDY—ILHASERINTOWT, ThZThDY —ILIZEH DREED
ABINTVEY, T, ZORICHIFBHERIL. ERT SV —IVICERR<—RH
IR REREDEIFTERBNLTVWET  EOHTERVEERZREL Tav i
-—tool T.ZDATavid Valgrind ICHLTEITTE V—ILAIEETB/HD
EDTY DA T avaEIET 5L, BEET memcheck ANBIRINF T /&2
Valgrind @ memcheck *Y—JL% find = -name .bashrc &EWDOATY R4 I
LT EITLEWEEIE. FEROLICAALET:

valgrind ——tool=memcheck find ~ —-name .bashrc

F7. FERICITEEMA Valgrind Y—ILE, ZRICOWTOBEARBAARLE
9

memcheck
AE)IS—DORBAEITAHEVET . BFEVOTOVSLDNELLEETED S
DEEHLDBIENTEET,

cachegrind
FryviaDFRETOT77MILLET . BFEVDOTOTSLDNZRIC FETS
DEIDEENDDBIENTEET,

callgrind

cachegrind ICI=EBMEAITARWET A, Fvva7O774)VIEREBINT
INELETY,

exp-drd

ZALYRIS—ARHELET EHORALYRAEBETZ OIS LICDWT, E
LLEMET DN EIDEENDDBIENTEET,
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helgrind
£ 1 DDRALYRIS—HRHEI T, exp-drd (/= HEBETT AN, BIED S
MBFIC R Q2R MaERLEY,

massif
E—70O7a77/ IV ETHRWET =T EEEICEY B TSNBEY1TD
AEYEIBDIET, ZNICL>TBFEVNDTOY S LELY DIRWAET B
ETEBIII. Fa—= T TBIENTEET,

lackey
BEARXNARTHEAZEBETELODY Y TILY—ILTT,

17.3.4 BEDA T3y

Valgrind (3 2BIFFICA T3V EmAAHEF T A T2av I3 TERD 3 EED 15
FRCHEETEEY:

1.Valgrind 2213951 —HDHR—LTALYN)AIZHS .valgrindrc 774
o

2. IB1EZ5#0 $VALGRIND OPTS
3.Valgrind #RE LR TDALY M F4LIMNIZHS . valgrindrc 771,

INSDNFA—8F LEEDIEFTURIEIN, RE TDREITRIE TDHRE
B EEXTEIENTERLIIA>TVWETHFED Valgrind ICH T 2EH
D AT aviEV—ILEICEIFTaaY () 28IL. Z0RICH TV avE

T fRITET, fz&xUE cachegrind I LT, TAZ7MIVT—9%Whg /tmp/
cachegrind PID. log 77 ILICEZRAFE-WGEIE. K—LT1LINIHED
.valgrindrc 774V T, FEEDELIIERELFET:

—-cachegrind:cachegrind-out-file=/tmp/cachegrind %p. log

17.3.5 Valgrind OE){EIRE

Valgrind (& R DT OV S LD EENT ZRIDEREDOHIEHEERF T DL
BOTWET EFTIERTI7IUDST N\ IEREGHAH BETIHE S
A7 3) i AHET . BT 771D I—RIFZER L7 Valgrind Y —JLIC
A XN Y —IWET N\ T &TRD /OO A—REBILE T, &xFBICO—RNIE
Valgrind OFREDICRIN, ETARABINET,

VRTLDWEF A=V THAR



=& ZIE memcheck Tl ZNEFNDAE) 7V IIRLTF v I &THASII—R
EBILET, CNICEY, RMT1T7RRT REBICLERZET 2 EBVWEMEICAS
TLEWET,

Valgrind Tl AV S LRDE GBS AT IaL— N FT, 20RO, 7OV LA
DOA—REFIvITBREITIIRL . BETESM4T3Y (CATIVEED) ¥
STANIVREBEDSAT IV REIIDWTEF VI % [TROIZENTEET, DFY.,
Valgrind TIS—%HT25EIE.BETS 51731 (C, X11, Gtk 51475
DARE) ICBEATAIS—bFIvI$BIEIC RYFT  INODIS—HFELIG
&1, Valgrind ISR EEITROITET HAOEEETEIENTEEY, ——gen-
suppressions=yes Z1EE T DL INOEBBLAEDELR—MNIEEIENTEE
ER

2B Valgrind 2179 2 IE EEOET 7740 (XTI —R) ITFLT ET
LTIV 72 2L IV Perl ROV TRDST P r—avsE BT 5E.
/bin/sh X /usr/bin/per| ZFAETZHIEICR>TLEW BoLEREE/LSL
TLEVWET . ZDLHA B EIE --trace—children=yes % IEET2H. HLLIE

IR RV TRTIERL BT 771V ERELTEIT LTLESIWL,

17.3.6 Xytz—

Valgrind OETHICIE FHBRITS—ABPERRINV MO XvE—IH
BERFRTINE T &AL TFRDOLDICRYET:

tux@mercury:~> valgrind ——tool=memcheck find ~ -name .bashrc

[...]

==6558== Conditional jump or move depends on uninitialised value(s)
==6558== at O0x400AE79: dl relocate object (in /lib64/ld-2.11.1.s0)
==6558== by 0x4003868: dl main (in /Llib64/ld-2.11.1.s0)

[...]

==6558== Conditional jump or move depends on uninitialised value(s)
==6558== at 0x400AE82: dl relocate object (in /lib64/ld-2.11.1,s0)
==6558== by 0x4003868: dl main (in /Llib64/ld-2.11.1.s0)

[...]

==6558== ERROR SUMMARY: 2 errors from 2 contexts (suppressed: @ from 0)
==6558== malloc/free: in use at exit: 2,228 bytes in 8 blocks

==6558== malloc/free: 235 allocs, 227 frees, 489,675 bytes allocated.
==6558== For counts of detected errors, rerun with: -v

==6558== searching for pointers to 8 not-freed blocks.

==6558== checked 122,584 bytes.

==6558==

==6558== LEAK SUMMARY:

==6558== definitely lost: @ bytes in 0 blocks
==6558== possibly lost: 0 bytes in 0 blocks
==6558== still reachable: 2,228 bytes in 8 blocks
==6558== suppressed: @ bytes in 0 blocks
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==6558== Rerun with --leak-check=full to see details of leaked memory.

==6558== & LTRIINTWSEEILTOEAD ID &FS (PID) T. ZhIlHiF
T Valgrind 6D Xy E—IDNRRIINET, ChickW OIS L8ENSDH
7& Valgrind hSDHEAERXRITEIE A TEZIEN. EDTORRIIETEAY
I RDOODOINBLEIITR>T WET,

Valgrind D Xyt—2% JUBMICRRLULIZWGESIE, v P -v -v DEA T3
VEERLET,

EAMICIE Valgrind FBSBEDAvE—U% 3 BEMICHATEIEN TEX
ER

1.BEE Tl Valgrind BB B DAY E—V% 77T 1R TH 2 10 &5
LET. INIE—MRIICIFEETS—H A (stderr) EMIENTWSED T, HE
DIFAINTARI) THIEEIEE-WESIE,. —log-fd=7 77 /T 7 X2
Y 79FES X ToavEFRLEY,

2.2 BEOHAELEELTIE, —-log-file=7 77 /L& TIRETZI7MILH AN
HYFT BB IO Tav TR DI DL E FRTIIEHNTEET .
EZE % XV IBETOT77M4)L ShTWwa7atx07O+X ID (PID) ICBXE
BABIENTELET D AREFERTSE. TOER ID TEICERZT7MIL
ICHADIEBTEN TEXT,F /4 Ya{env _var} TlE, env var ODERIZRD
BETHICOVWT BREINT WAEICESMZZZENTEET,

TEDOHITIE, Apache Web H—N\HBEETIHRICAT)IS—HIEFELT
WERWNEIDEFTYILTVWET  ZDEX, FFOERITOVWTEF VI %
TEHIEDEL, M4 Valgrind DhSDAvE—JIEZTNZHIRED 7OER
ID CREINBIT7MILICHALTWET:

tux@mercury:~> valgrind -v —--tool=memcheck --trace-children=yes ¥
—-log-file=valgrind pid %p. log rcapache2 restart

ZO7OtRIFTAN RFTLRIC 52 BOOT 774V %ERK L. Valgrind %

FARALAWESIZEE 7 WRZEN NS rcapache? restart ATV KA 10 &

D75 WEEIDDREBETHIEDELEFT. T5E, FREDIIA KRICARYE
ER

tux@mercury:™> Ls -1 valgrind pid *log
valgrind pid 11780. log
valgrind pid 11782, log

valgrind pid 11783, log

[...]

valgrind pid 11860. log
valgrind pid 11862. log

AT LDTEFI—=VTHAR



valgrind pid 11863. log

3.Valgrind DXyt—Y %Ry NI —URBATERELEZWGEIX. ThETh
aa.bb.cc.dd DX TIP 7RL 2%, S O TR—INESEZRHEL. —-
log-socket=aa. bb. cc.dd:port num DEHICLTEITLET . A—IESEE
BEL7=3B AL, 1500 NMERAINZET,

BEEEFRDTIAICI Valgrind DAY E—V%2(ETBH, 7T)r—
avEREIILENIHYET . ZOT7 S r—ar LTI, Valgrind BH#
® valgrind-Llistener ZFIFHTEDD LWTLLY, CNISIEELIR—NTHE
HAEGELZII T RIELE XAvE—UBBEHNICHAILET,

17.3.7 T3—XAvyE&—Y

Valgrind IZ g R TDIZ—AvtE—Y%EBL HFILWIS—2RET5E GV T
T—AvE—J DB TRbNET, DA EICLY, Valgrind & T5—Xy

T—VDEBREFIVILTVWET  EEB LIS —THREIEN HIBALIZIGE. £
NIFEBINZLETTRRIIINERA NUILY . BEZ DI AyEz—IN
RIAINBIEICIDREAZFHCLIITHROTVET,

BH, -vATavEIEETHIET, Valgrind DEITH HHDREICELR—
FOBIE (REBYIE) Z2RRITBIENTEET, /=7L. Valgrind (& 1,000
U LEDERZIS—%KRHELIFE. £88T 10,000,000 B EDT
T—HRBLIEGEIR. T7—EEELELTLEIZE ITEFRLTEIW, Z
DEIRERYVIA>TIRTDIS—AyE—IU%KRR IHLWIGEIL, ——error-
Limit=no ZIEEL TLEIL,

e HBITDRDIF—Z2HTRITIHEEHYET . IOLIRIZEIF. F
S LEIEFREBYICRIBEBLEL. TRV LEBEFIvITHIEE BEIHLE
3_0

17.4 X535 1658

o EROMN—RYV—IIEAELLA T avii oW B2 A—BEFHH WL
BRI FNTNOY=27)LRX— (man 1 strace, man 1 Lltrace, man 1
valgrind) ZBFHLIEIN,

« Valgrind O&YEEQRFERAEICET%51E. Valgrind User Manual
[http://valgrind.org/docs/manual/manual, html] (3258) AHFmH LI,

—RY—Ib
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INLDR—UIE Valgrind =2 ERaeEaFR LY. BEY—IILOFERAE
PEWE FARLYLEWEEICIERLZIEDTERVWEDTTY,
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kexec & kdump

kexec IXIREEITHDOA—RILERFBDOA—XILERETZ-HDY—ILTT,
INICEY N—ROIT7OMHEERZEBIRL T JUEERLV AT LADEEI %

TRITEDNTEFT  FLVRATLNISY AL AICHA DO h—XIL %
EETE-ODERELTEANATEIENTEET,

18.1 Bt=&

kexec ZFIHIBZET. N—ROIT7AIOBEEFZFMETEIELALLETHROD
H—RIBEANBZBIENTEZT . ZDOYV—ILIETERDOLHIRIBRICLY., EF
TR AR TWET:

SYUEELR AT LBREIDH

ASHDEHTYRATAZEHENICBEFH LARTNIEASRWNGE. kexec (&
BE DI BEFEEHIRTEIENTEET,
EBETELRVWI7—LDITRN—RIOITT7DERED =D

AVE2A—9DN—ROITTIIERLEDICHE>TLE>TWT, EXABEENY
AT LDBBFICHRELTLEIGAELHYET . ZDLIR H5E. BIFICIERE
DTERWN—RIITERYBEZZDENHYTTH. kexec ZFHT L
T N\—ROIF7HBRICHH b IN -, FIEI AT BE/R KRETH—RILZEEITE
ENTEFT , CNICLO> T IRTLD BEINKBRLTLED Y RV ERNRIC
A BZENTEET,

P59 alleh—RIVDE Y TIRED =5

kexec & kdump 205
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kexec IIMIEAEYADRBERFITELIRMEHRAIR>TWET, AFH
ELTHEALTWSRA—RILOEEICESH D BN FKELIGE, F+7F+
BROA—XIV (FHRINE AEYDEERTEMET 2 EBMDA—FRIL) B E)
ELT. BB’ RELLEZDREE RETIIENTEET  REINIAA—
JIE ESRBADIHICHET S ZEATEBLIITRYET,

* GRUB % LILO DR E=ERA LAWEEI DD

kexec ZFIBLTH—RIVEZRB T 25HE. 7 — A—F DFIRERIELT E1F
LET . IhICLY BEDORELEDL, T—bO—FRIDEREIRIC LoTEK
LTLEILDIRY RIS ZEDTEET, kexec TlE, BEFDOT—hO—4
REEFEALIEA.

18.2 BN\ —

openSUSE® LT kexec ZBEEBIDE R PEENL/N—RIITT BE%E

1T27=OIEALEWESIL. kexec-tools /1w —SAA YV AN—ILTBREN
HYFT, ZD/\yr—IIIE kexec-boot loader EVWI RV TR EZFENTLT,
ZIHH T—hO—Y DR EEFTAHIAH kexec ZBEDT—,O—FH 177D

DERLATVaVEETH—RIERBITEIIENTEET, kexec-boot loader
-h 2ETT5E, ARTRERA T ay—BARTTHIENTEET,

H—FIW IS 2D BT\ TG REINETERLDICBEASRTE T
BIZlE, I5(C makedumpfile /Xy —U% AV AM—ILTBRELIHYET,

openSUSE T kdump #F 9 5FICIE. YaST @ Kdump EVa—I)L&f#
A 32008 88DTT, v TILARZEILT root MIREEICTAY, zypper install
yast2-kdump 31T L. yast2-kdump /Xvr—% A ARM—)LLTLIEE W,

18.3 kexec DRI

kexec CHRHEFEARIVR—IRY ML /sbin/kexec A¥ Y RTT, kexec AFIAHL
TH—RIVEFZFMADE, 2 TBEDHET HZHALIENTEFET:

o kexec -l H—FN1 X—2 ELTRITITBEBEOHBEEIDLDIC, AF
DA—FRILD BIETBTRLRAEBEICH—RIVEFTHAADIEDNTEEXT A
AATZTEIZ, kexec -e TH—RIVLEREITHIED TEET,

VRTLDWEF A=V THAR



o kexec -p H—FN4 X— ELTRITITDE A—RILEFHBEERICTKH
ALZTENTEFT, TNICLY. ZOHD—RIVIES AT LISy 2B
FMINDLIIC BYET,

SRATFLDISYaALEBEIOA—RILEEEL. ABBELTENETHE
ALTWeA—RILDT—Y5REFLIZWEEIE. VAT LXEYRNICERAD 48
HBAEFHLTEMELrHYFET , COEX, ABHDOA—RILIEETDFEG % EH
THZERFRL BICEITFEDOREICLTEEET, COBEEIEF» I F+ 1
XADH—FRILDEDT, ZNETHEALTWABELA—RILOEREZRE T
B1-DICARLET AEVEEDOFHETRIICIE, RBEH—RILDREFIC
crashkernel = # 7 X0F 7t v f EWIINSA—HEERELEFT, LH. 2D/
A=HIX Vv TFYEERD H—RIVISSA=ITIEHYFEREAFYTFvrH—F
JVBITIE kexec ZfF A §52&EHYFEEA,

Fr T FrA—FIEFHREDBEBIFZHFAEN. A—RIDIZv1T50%
FHLET, kdump IEARBH—RIDISv2addE FHTFrA—ILE %=
EITLELOELET . CNIFABRICHERAL TV A—FIVIE, TDRFRTIE BEIC
EHETEDZEDTIERWVED T, ZOIEDS, HBEICE>TIE kdump AP EKT
GEtHYET,

Fr T Fvh—RIEFRHFADITUT, A—RILDBEINNSA—FRICETNSERTE
LET.EBEIZHE RAM 771 2T A (initrd) ZERALTHRELE T, F1H
RAM 774V AT Al —initrd= Z 77 /L& DA TERELE T /o, —
append = IV NS 72 DEIIIBET & BETEH—I/LIIFLTATY
RSAVA T3V 5B §5ZENTEET, CNIEERBRDH—RIVICERES
NTW e h—XIL DR MBRA T aVvaBRETHDIENLIEETT,
AKEADH—RIVEREINT WBEDEIE—TBIFTHNIE —append =
"$(cat /proc/cmdline)” EFRELTENEWEHA L. ——append = "$(cat /
proc/cmdline) EBHIF 7> 3" ELTEBIMOEDEFRELTENFVERA.

BB FFRHAIAFBHDA—FIVEWDTERAIAHERIFTDHIENTEET, -1
ATV THRMRAALEN—RIVD G AHERRIRT S ICIX, kexec -u AT VR
EERALET, p AT VIV THEAAALISYYAH—RILDEHAHE RIRT
5IClE, kexec -p ~u AR VREFEALET,

18.4 BAER4: kexec DFEAH*E

BEWVD kexec REBNIELKEMEFT B EAMERTICIE FTEEDFIEE EHEL
9

kexec & kdump
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1 BEOJAVFROI—AEEET . EEARAY—ERIIDVWTEVARATALLET
BIELTWARWTEARESELET,

2 root TOYAMVLET,
3 telinit 1 Z#XITLT. VLRIV 1 ICBITLET,

4 RERADA—FRIVAILHZT7RLRBEFIST LT H LWA—RILEFRMHAD 1
I, FEEDLIICEITLET:

kexec -l /boot/vmlinuz —-append="§(cat /proc/cmdline)” --initrd="
boot/initrd

B IL—KRI7AMIVIRTLERI . TRTDIIVNEART7AIVI AT L DIIVN
% umount -a TCfER LET,

BEE: V- IPMIWVSRTFLDIIY MRBRICDWT

T7AIV AT LDV NfBIR T BI5E . FKRETEHDH device is
busy EWHEBE Xy t—ITT, L—RI7MILS AT A AT LD ENEH
DIFEITIITIVNARR TEFEADT. BEXyvE—JFERLTH WV
It A

6 IL—RI7MINIRT LEFTHAHERE—RTHEYIVINET:
mount -o remount,ro /

7 kexec -e #EITL, ZA7vT 4 (208 R—Y) THAHAATHW A—FIL
TERBZITRVEY,

LRI A EZTRERRRETY IV ML TWETARIR) 2a—AICDWT, Th
DRIV NRRTDIEEDNEERRTY . ZNIL, reboot DY RFLO—)LH
UCHINZETCICEELTLED O FRAEZAREARET YUV IhTW
BN—RFARIRSATDR) 2—LHFETRE BEITIE BEE~YT Y MERR
HITRHONBAWHTT . ZOHBEIF. FTLWA—RILY Thbdix [Enr] RiE
ICHBEDELTERHBLET il A BERADTARIR) 21— L& AREN R T 71
WORTLITDOWTUE YUV N ZRIRTDHEIFIHVEETA YTV NEBIRT N
XTFAINSRAT LD —EBEB-WEEI. /etc/mtab 771V AB A <IN,

HLOWADA—RILIZ. HWEIDH—RILADT RL REBERICGEAATN
HE TWHA—RIAEBERZTEEL. ENEICHIEEZEBESLET, CNICLY, &

VRTLDWEF A=V THAR



BOREAYVE—VUDNRRINET  F. FHLOWHD—RILDREITEE, TRTD
IN—ROTTNEVEEE D7 — LI T F v IO RIEINE T, TDEE, —1])

DEEXAYEZ—IUDRRINBVCEERIBLTLEIWN, TRTDIT7IILV AT
LlE UBIOBRETY Y MEBRINTONIE, EEAR (FhTiduniaw) JREEIC

RYEY,

18.5 kexec Z3E KL BHREBHABICRET
Y

kexec IXSEFEICHREBTALOABECULLLIXERINF T  F & 21E
N—ROIT7OREIN—FVEEFTTEDICRVER—IDO DI BIEER. BHFDE
DY EETEIRVSOIRRETEFERLEY,

S EC: kexec ZFIAL/-FBicE

openSUSE® DULRID/N—T 3V T BRE T 7ML /etc/sysconfig/
shutdown & /etc/init.d/halt Z#RELT. AT LDBEENDIRIC kexec %
FMATEEICERETIVELNHYELIRITON—=I3 VTR VAT LT 7
AINEFEETRETIVEEIHYFEA /A=Y 11 UET HhiL BRI
kexec ZHATBLIIFZREINTVNEHTT,

BH. T O—45ET77—LIITTICDWTIE, kexec ZFAL-BREEID BRIC
BFEAINDIEIERAVCEISERLTEIW, 7= =4 IIH LT 178 27E
BHAEETIIZE.ZED /W\—ROITT70) BEFSHETAbAWL RY, REITE
BINnEY,

18.6 EA&MA kdump DR E

kdump ZFRT2IET A—RIVDY U TEREFTDIENTEET . h—RI
BO5v2ALIIRE IV VALIBRBERDAT A A—=I%T74)L VAT LIC
JE—LTHELZET . A—RIVISYIaDEREFARDBIED TEBLHTYT ., Z
h& a7y v7] EFUETY,

kdump & kexec (FEL<IE 18E kexec & kdump (205 R—) AEHFMH<

IV I EA LET T T TF v h—RIVEEBRDOH—RILD ISy a
L7z BICEHELIBDHBED T, kexec TRAZRDH—RIDF+TFrhH—F
WIC BERDZENMEAZLTWELED. kdump TEIZv2alLlicARBERDA—
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FILD BEETBAEYBIBICOWTC UEIERA UKV EZRTEZEW I AN ERY
9, 2DIEDD, kdump A—FRIVDBRIEANS YTy alLlc A—RILDAE!)
2Ty T ay N aRENTBIENTEBLIICH>TVWET,

kdump IZFERTHREIHIENTEZIFD, YaST 2FABLTITAITEE TE
9

18.6.1 FE¥T®D kdump F&7E

kdump BB DR E% /etc/sysconfig/kdump 77 Il HSFRMAFHET, HiE
WDYRT LT kdump BEMET 2T E%FERTDICIE. FTEIEDRET 7ML
ERALTITR>TEIW, kdump ZBEEDERED FHEMFEHTICIE FEED
LORFIETITRVET:

1 BEVWOT—MO—YDRBET7MIIC, FEREDIDIBRA—XILOIAT VRSV
A7 avEBEMLT. Y RATLEBREELET:

crashkernel=%7 X074 7 v ,

FNTh 7 IEF 7y M OEICIE FTERORICENMDMTWBEEIEEL
E3

F18.1 BHDH—FNIVIRSA 2/ NSX—G(CH T BHELEE

F—XTIFv HER(E

i386 BLU x86-64 crashkernel=256M: 0 - 12 GB LA
TOXE) BHEDHZE
crashkernel=512M: 13 - 48 GB
REDATY) BHEDHZE
crashkernel=1G: 49 - 128 GB #2
EDAE!) BHEDIZE
crashkernel=2G: 129 - 256 GB
REDAEY) BHEDHZE

IAG4 crashkernel=256M (/N#8
BT LDGZE) £lE
crashkernel=512M (K3 2
TFLDIBE)
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F—X%T0F+% HELR(E

ppc64 crashkernel=128M@4M F7=I&
crashkernel=256M@M4 (K38
B RT LDIFE)

2 kdump #IHBIER V) T REBMICLET:
chkconfig boot. kdump on

3 /etc/sysconfig/kdump DA T a ViR EAIEBIETS CEETEET . TNTE
NEOEKRICOVWTE. ZNFRIAVMEIC EDhNTWBSRAABHMK LS
L,

4 rckdump start OFEAE R0 ThERTTEIMN E LIV AT LEBREIL
9,

kdump ZBEEETERELH L BFBYICEIMEFT 2 & AMEELE T, LBE)
VEREER AT IOIBRICIE. BEVD U RTAICHEOTMVLTWAWIE, BLUE
BERY—EZADNFELTVWAWTEEEBL TEWTL IV, BRI TED
SOUTLTITRWVET:

1 telinit 7 ZETLT VLN T ICHIYEZET,

2 IL—bRI7AIWNVATFLEBRLL TR TDTARIDIT7AI AT LIZDWT Y
VINEERBRLET , ZNUE umount —a AT ITBEERTEIIENTIET,

3 I—bRI7MIVD AT LIZDWTE, FRAAAERE—RNTHYVVN LET:
mount -o /‘E’IIIOUHZ‘, ro /

4 Magic SysRq ¥—IIx49 % procfs DAY —Tx( A% FIALT, THh—=FIL
NRZy) ] ZREIEET:

echo ¢ >/proc/sysrq-trigger

BE: h—XWIVTDH14X

KDUMP_KEEP OLD DUMPS # 7> a3y Tld, h—FRILY v 7% 1R DE S H 1
FTHIENTEEYT BIEIEIL 5 TY) JEWETRDAEVWIZGE YV TDHA4X
IEERTYEAT)DBEEICELLARYET, /var D/X—FT 4 avVRICHE
BRBENHEINEID A FER LTI,

kexec & kdump
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X v T Fvh—RILDEEINTEE. IS5y alEFIDA—RILICDWT, X
TEVDRFTY T av D I7MI Y AT LARIREINE T RELD/ IR
KDUMP_SAVEDIR # 7> 3>V TERE L. BEETIL /var/crash [ICEREINTWET  F
7=. KDUMP IMMEDIATE REBOOT % yes |CERE T 2&. VAT AIFZDRAEZRHD
h—RIWVEFBALTCBERHSLEYT., BEEN T T LI6OTM0&{TRYE, /var/
crash RDY VTR THIENTIDLDICRYET,

L X111 yvavRcoEmIY—X

X11 Zy2avIilA7 1Y LTWSIREET kdump OFIEITICHIT 2L, BIE
IKRECRTABRINDVEIZEEDEIIN XY (7)—XL) ¥, kdump
DEIEDIEDW DODNERTHNOHRTDIENTELY (LEATEELIC
BEIHRDOA—RIVICEATIHOBENAYE—UDRbNEY LEY),

ZDEHRIGETH, AVE1—49%) vy LEVIELARWTLZIW, kdump HY
HEET T IBDICLIESKDBEENNETHBLHTY,

18.6.2 YaST D& E

kdump % YaST Do E T 5ICIE. £ yast2-kdump /Xy —I %A A h—)L
FTRIMEIHYET AVAM—ILDET LD, root A5 YaST A bO—JLtY
H— D X746 ATTVRILHD H—FK/N Kdump T 21—V ERENTDEIH.
L<IZ ¥ RS54 T yast2 kdump EAALET,

B 18.1 YaST2 kdump €2—/b - RE—p T I N—

R

Yast2

e Kdump 28

[ Kaump O3t/ Rsh

BF XN EE ( Kdump O3 {6 (U) ‘
® Ko

?"ﬁa"ﬂ BE

(G

VRTLDWEF A=V THAR



X9 & 71V RITIE. Kdump DEZE & BIRLE T, kdump XEJIZDL
TIEHEEEDOEFETHFVWEFETAIFEAED P RTFLTHRIREICR>TWST
HTY,

RICEBID—BET > 77708 #RIRLEST . TR U TIEDR—V %S
DI ERELET, A—RIDREEET /NI I3 HI->TIE. FEEDAEYRA
BICDWTIIEDRLTENFVEHA:

. TOTEHONR—Y

e R—=YDFvryia

s A—HTF—IR=Y

. EbhhTuRunR—Y

ISIC T DIAVRITIH YV TDRFEDTELE SREFELED URL 215E
LEd, FTP ¥ SSH EDxyh7—o7OMJ)L % BRI EIE. RERTY
TRBHRICDOVWTEREETROLELHYET,

BWT BEFX—NEH DIAVRITIE, kdump I2F LT EFA—IL =N LB
MAEEIBRZLODBRELTHRIZENTEIFT, KFEHERELRALDS, OK

L TUAVROERALTKESW B, BigZ iR E 71V ROEFRALT
JUHD VR EZITHRIZEETETT, INT kdump DEREIFTT TY,

18.7 /5y a¥ VT DM

G TI7 AN ERBR LIS RIEENZBTTHERMETY , NIV OHDD
EDNHYFT,

SO THhBTHEDE>ELRIBIAY—ILD GDB T3, 1 53ARDEER
Tt GDB #FIAHTBZENTEETN. WO DAREERHIELHYET:

o GDB A=YV TDF\yTBICRIELIEVICIE > TWE R A,

« GDB I 32 EYRNTSYNTIA—AIZBWT, ELF64 /A FD)ICIE WL TWE
A

+ GDB I ELF ¥ Y TUN DR EMBIRTEFIHA (EfEY >V TICER/IGLT WE
HA),

kexec & kdump
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LEROLSILREBICLY, crash A—F 1) T4D ERIND LI FE LT,
crash A—T74)T4E 95228V THBRT2EN EERDVRATLNST
ET /N T BT TENTEFET, F/2, Linux A—RILDTF /v EH DAL
REFEINT VW LYBERT N\ T EEITEFREVICAR>TVET,

Linux A—RIWET YT LIEWESIE. TR TIERD /T —IJIZDWTE H
S5MCDAIVARN=ILLTHBRAELIHYFET . BFEVDIATALICEHTS /Ny
T—=IMAVZAR=ILEINTWBENEINEREERT BICIE, zypper se kernel |
grep debug ZZRITLTEILN,

BEE: TRy HBBO/yr—I)RINY

BEVWDIRTLATA YAV BEHRDBEFZ1TR>TWSIHE. [debuginfo
Ny —Il *-Debuginfo-Updates EWDEIRDA Y SA VAV AR—=IL)RY
MNURICEELTWEY, YaST #FIELTIYRI M) EBEMIIZRELTLEIW,

BEVDOTY U TREIINEY Y T% crash TRIKICIE. FEROLHIARIOATVRE
E2TLET:

crash /boot/vmlinux-2.6.32.8-0. 1-default.gz /var/
crash/2010-04-23-11¥:17/vmcore

RUDINSGA—=ITIEA—RINAA=VEIBELE T, 2 DHD/INFTA—=FTIL
kdump TERERIN/ZY VT I7MIVERELE T YV T 771G BEETIE /
var/crash TALORN)RIEBEINET,

18.7.1 A—RIDINAFYT7F—=vb

Linux 1—=*JLIZ Executable and Linkable Format (ELF) &W\ S TYERR
INTVWET, ZDT7MIVIEGEE vnlinux EFEEN, OV /ML ORRICERE
ERINFET . ITRTOT— A= THR—N SNTVBEWNDIDIFTIEHYFEE
A (FFIC x86 IR1E (1386, x86_64) LLA) Tld ELF NAFUIIH R LTWET,
openSUSE® THR—IINDE 7—F TV F v Tl TNENTEDOLDI RS
ENHYET,

18.7.1.1 x86 (i386 &L U x86_64)

SR EORBICELZEDTIN, Linux H—FRIVIT 2 FEBEED/A—IDS 18
MINET: 1 DI Linux A—RILENBEEH (vmlinux) . $5 1 D7 —bO—%
NERITITZEyN7yFI—KTT,

VRTLDWEF A=V THAR



NG 2 DD/N—KE bzImage EIEENZT7MILIC FEDHOLNET D T7AIL

WEA—RILDY—RY)—RICFEETBIITD EDTT . D T7MIIFIRTETIE.

vmlinuz (x TIFR< 2 THBIEITEFR LTKEIW) EA—FRIL/AyT—I R THE
Ehzxd,

ELF 1 XA—l3 x86 IRIBCIXEEFHINZZEIEHYFEFTA. ZTDLH, H—=F
Wy —IDARETHS vilinux 770)0IE. EfEIN vmlinux. gz EWLWHTE
A CEEINZET,

FET DL, x86 IBIEDM SUSE H—RIL/RwHr—1Cidk, 2 FEED h—XIL 774
IO EETBIEICRYET:

o 7—bO—4TERITINS vmlinuz 771,
» crash > GDB THBETBEHE ELF 1 X— vmlinux. 9z 771 Jl,

18.7.1.2 1A64

IA64 7—F59F v LT Linux h—X I &R TBHDT—rO—F elilo T
I AFICAISHDDIEEAITRHALTE ELF R DFHARAAITHBLTWET (F
BEINTVWBREDIZEFIGLTWETD) . IA64 DA—RIL/\wr—I(ZiE vmlinuz
EMEEND EHE ELF A A= DI7AIDADEENTWT, Zhid x86 FHiE(IC
H1F% vmlinux, gz 771 ILER LR DEDITR>TWET,

18.7.1.3 PPC 84U PPC64

PPC IRIZETIL yaboot 7—hO—4%FRALEFIH. ZOT—bO—41 ELF 1
A=V DFHEHAABITT L TWBEDD, EfEIN iz BRIIEFIELTWEE
Ao ZTDT=D, PPC RO A—FIL/ISyr—UIZIE, ELF B D Linux A—XRIL 77
AL vmlinux 2138 BELTWET, crash 2RI 3ICH>TE, 28R
WP TWT—F TV F v THDEEAET,

DT TY Y TEBITLLIELTWBIBAIE. FTIVE1—9D 7—FF0
Fr& TNV TIIBBERIT7AILDEFEIEL TSN EI D &R LAIThiIERYE
ﬁ/\lo

DAV EL1—ITY VT EBFTBICH>TUL. ZTDOIVVTIEREL 7—F T2
Fr®D Linux VAT LEBEIEZNENHYET, EIRMEEHEE IDICIE. A
DAVE21—4T uname -i #ETL. HADPELCTHBIEEERLTIIEIN,

BEMDAVEL—ITY VTS D55, kernel X kernel debug /S
T—UIlE8FENET7740WE BEBEERBIEITERLTLEI,

kexec & kdump
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1 FFIEH—FRIVTVTE, /boot TALIMNIIZ HEA—RIAA=VEREBLE
T BEETDZT NNV TIERT7MIL% /usr/Llib/debug/boot 4L KJH
SERAD B—F4LYMN)ICOE—-LET,

2 HbHHET/Llib/modules/$(uname -r)/kernel/ F4LONIICHDH—FILE
Ta—)b&. /usr/Llib/debug/lib/modules/$(uname -r)/kernel/ 4L KY)
ICHBEETEZT /NI ERI7(ILEIE—LET, IE—5IE modules &Ly
YT TFAL UM TR T KXW,

3 I VTERN—RIWNAA=T BLUCH—RILDT NN\ TBHRI7M1IL.FLT
modules Y47 F4L U NIDEFEIET BIREET, crash I—F1)T1%=EFHLET:
crash vmlinux-(/Y—="3>) vmcore

B A—RIWA A=V DY R—b

EEINIh—RIA A= (gzip ICLBEREHAN T, bzimage 771)V1F IR
XFET) ADOXIGICDWTIE, SUSE /8y —I Tl openSUSE® 11 LABED

N=23 0 TRIGLTWET . HWA=UaraSEVDIEAIL, vmlinux. gz
(x86 7—F TV FvDiIHFHR) £/l vmlinuz (IA64 7—F TV F v DiIHFHE) DIE
iEafRERL. vmlinux ICRBEALTHMELHYZET,

EDAVE1—ITH VT OREMETRIBETH>TH, crash I—F 1) 711
TRDOEHIBHIEITRVET:

tux@mercury:~> crash /boot/vmlinux-2.6.32.8-0. 1-default.gz
/var/crash/2010-04-23-11¥:17/vmcore

crash 4,0-7.6

Copyright (C) 2002, 2003, 2004, 2005, 2006, 2007, 2008 Red Hat, Inc.
Copyright (C) 2004, 2005, 2006 IBM Corporation

Copyright (C) 1999-2006 Hewlett-Packard Co

Copyright (C) 2005, 2006 Fujitsu Limited

Copyright (C) 2006, 2007 VA Linux Systems Japan K.K.

Copyright (C) 2005 NEC Corporation

Copyright (C) 1999, 2002, 2007 Silicon Graphics, Inc

Copyright (C) 1999, 2000, 2001, 2002 Mission Critical Linux, Inc

This program is free software, covered by the GNU General Public License,
and you are welcome to change it and/or distribute copies of it under
certain conditions. Enter "help copying” to see the conditions

This program has absolutely no warranty. Enter "help warranty” for details.

GNU gdb 6.1

Copyright 2004 Free Software Foundation, Inc.

GDB is free software, covered by the GNU General Public License, and you are
welcome to change it and/or distribute copies of it under certain conditions
Type ”show copying” to see the conditions.

VRTLDWEF A=V THAR



There is absolutely no warranty for GDB. Type ”show warranty” for details
This GDB was configured as "x86 64-unknown-Llinux-gnu”...

KERNEL: /boot/vmlinux-2.6.32,8-0.1-default. gz
DEBUGINFO: /usr/lib/debug/boot/vmlinux-2.6.32.8-0.1-default. debug
DUMPFILE: /var/crash/2009-04-23-11:17/vmcore
CPUS: 2
DATE: Thu Apr 23 13:17:01 2010
UPTIME: 00:10:41
LOAD AVERAGE: 0.01, 0.09, 0.09
TASKS: 42
NODENAME: eros
RELEASE: 2.6.32,8-0.1-default
VERSION: #1 SMP 2010-03-31 14:50:44 +0200
MACHINE: x86 64 (2999 Mhz)
MEMORY: 1 GB
PANIC: "SysRq : Trigger a crashdump”
PID: 9446
COMMAND: "bash”
TASK: ffff88003a57c3c0 [THREAD INFO: ffff880037168000]
CPU: 1
STATE: TASK RUNNING (SYSRQ)
crash>

IRVROH AT ZMICBEBERERSA B AINE T, LEEOBHITIE. 77y
VAR TA42 ADIRIDEFEELTVWTC. 72y adREREAIZFZTAE X ID (PID)
9446 |25 SysRq N A—THBENTINTUVWET T RREAR>7/27 0O
23 Bash AR THBZIEDNRTINTVWET, CNIXEHROFIT, echo O%
vREWD Bash V)L ORFIATVREFIRALE 2EILEBEDTT,

crash 1—74')7T1ET D% GDB ZEE L. ZEDEM AV RZRMLET,
FeEZE bt AV Y RENSA—Y ELTANTBE VYA RELLFERTD
IRV LT NV IR —R%E RRNIEDIENTEET:

crash> bt

PID: 9446  TASK: ffff88003a57¢3c0 CPU: 1  COMMAND: "bash”

#0 [ffff880037169db0] crash kexec at ffffffff80268fd6

#1 [ffff880037169¢80] handle sysrq at ffffffff803d50ed

#t2 [ffff880037169ec0] write sysrq trigger at ffffffff802f6fch

#3 [ffff880037169ed0] proc reg write at ffffffff802f068b

#t4 [ffff880037169f10] vfs write at ffffffff802blaba

#5 [ffff880037169f40] sys write at ffffffff802blc1f

##6 [ffff880037169f80] system call fastpath at ffffffff8020bfbb
RIP: 00007fa958991f60 RSP: 00007fff61330390 RFLAGS: 00010246
RAX: 0000000000000001 RBX: ffffffff8020bfbb RCX: 0000000000000001
RDX: 0000000000000002 RSI: 00007fa959284000 RDI: 0000000000000001
RBP: 0000000000000002 R8: 00007fa9592516f0 R9: 00007fa958c209c0
R10: 00007fa958c209c0 R11: 0000000000000246 R12: 00007fa958c1f780
R13: 00007fa959284000 R14: 0000000000000002 R15: 00000000595569d0
ORIG_RAX: 0000000000000001 CS: 0033 SS: 002b
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crash>

ZZTEIRKADTRO>TWBDHO D BRFEICRY FE T, AEBIT R TdH 3 echo
I& /proc/sysra-trigger EWITFAINICH LT FEEEELF T, [IHT 5/
VRSN EFEDXFEAERH L. crash kexec() BHAMUOHLET, OB
panic() ZMEUH L, kdump B9V THRETI2EEE [TAR>TW I &Y
9,

HAMZ GDB OY VR bt DILFRIRICINA. crash 21— 4')5 4Tl Linux
H—RILOEEICHIGLEEHZ<OATVRABEERINh T WET . 2hbnavy
KiZ Linux A—RILORET—IBEEIBETIEDT, ThHEOREEARBIC
EOTHAMYP T WA TRRLET LEAE Ty ah RELRERATO
HR)—BAHRRITLWEEIE. ps IV RAEFIBLET, F/- syn AV KT
[ FTRTD A—FRILDVRIVEREFIGT BT KL R E—ERRTDIENTE
BIEMNERND ORIV LT RLRAERRTZIEETEET, ZNLAICE
files AVYRTI. 7OCADEVNTVWBTRTDIZMIL TARI) T ERKR
FTBHIENTEET, ISIC kmem TlE, H—FRILD ATV ERICETBEMAIEIR
EBBIEETEET, FNLAICE, vn ATV RTIE 7O ZDREXAEYRER
DR=IIYEVTIC L TRABEETAIZENTEF T, ChUAICEFERAOT
VRN SHAZBINT W HRARA T aviEEETRITENTERLIICHD
TWET,

EROOTYRIE. WTFNE—HEAR Linux XY RTHD ps ¥ Lsof & DgE
ICRHSLTWET . TNy HEFI B L TERR AIRVMNEFREATELLWSEIE,
GDB DEWAICET 2B AR C.aERT \vT HifiaB B L THMHELDH
VET, CNSDHECHEMIESARTF AV NDOEENT H57-0. SBAIXITA>T
WEHAIMAT, Linux A—RIVICETRHBESNEE RYUF T WKODDELE
RBRIEBERBRICOVWTE. CORFIXAVMDKREICRLT WET,

18.8 B/ kdump E&E

kdump ME&E L /etc/sysconfig/kdump 77 A ILHICIREINT WET, YaST
ERIRALTERETEHIEHTELT, YaST #F A LAREEITAD BAEIE. YaST
avhA—=ItEYY— hS ZXF4L > H—F /) Kdump %RIRLTLEIW, Zh
ZTNTFEICRYT kdump A7 av A ERITLLD:

W=V TEBATET1LIRN)EIBE T SIIL. KDUMP_SAVEDIR # /3>
BERALET. BB NW—RILYVTDI7MI A XIFFEBICKEILL DT EEMED
HBIEITEFRELTEIV, kdump 1. TARIVDEZRENSY VT I74ILD
REDBY Y4 X&B|\\/={EA" KDUMP_FREE DISK SIZE # 7> avTiEELLME &
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GNU General Public License

Version 2, June 1991
Copyright (C) 1989, 1991 Free Software Foundation, Inc. 59 Temple Place - Suite 330, Boston, MA 02111-1307, USA

Everyone is permitted to copy and distribute verbatim copies of this license document, but changing it is not allowed.

Preamble

The licenses for most software are designed to take away your freedom to share and change it. By contrast, the GNU General
Public License is intended to guarantee your freedom to share and change free software--to make sure the software is free for
all its users. This General Public License applies to most of the Free Software Foundation’s software and to any other program
whose authors commit to using it. (Some other Free Software Foundation software is covered by the GNU Library General Public
License instead.) You can apply it to your programs, too.

When we speak of free software, we are referring to freedom, not price. Our General Public Licenses are designed to make sure
that you have the freedom to distribute copies of free software (and charge for this service if you wish), that you receive source
code or can get it if you want it, that you can change the software or use pieces of it in new free programs; and that you know
you can do these things.


mailto:mhatta@gnu.org

222

To protect your rights, we need to make restrictions that forbid anyone to deny you these rights or to ask you to surrender the
rights. These restrictions translate to certain responsibilities for you if you distribute copies of the software, or if you modify it.

For example, if you distribute copies of such a program, whether gratis or for a fee, you must give the recipients all the rights that
you have. You must make sure that they, too, receive or can get the source code. And you must show them these terms so they
know their rights.

We protect your rights with two steps: (1) copyright the software, and (2) offer you this license which gives you legal permission
to copy, distribute and/or modify the software.

Also, for each author’s protection and ours, we want to make certain that everyone understands that there is no warranty for this
free software. If the software is modified by someone else and passed on, we want its recipients to know that what they have is
not the original, so that any problems introduced by others will not reflect on the original authors’ reputations.

Finally, any free program is threatened constantly by software patents. We wish to avoid the danger that redistributors of a free
program will individually obtain patent licenses, in effect making the program proprietary. To prevent this, we have made it clear
that any patent must be licensed for everyone’s free use or not licensed at all.

The precise terms and conditions for copying, distribution and modification follow.

GNU GENERAL PUBLIC LICENSE TERMS AND CONDITIONS FOR COPYING, DISTRIBUTION AND
MODIFICATION

0. This License applies to any program or other work which contains a notice placed by the copyright holder saying it may
be distributed under the terms of this General Public License. The [Program |, below, refers to any such program or work,
and a Twork based on the Program| means either the Program or any derivative work under copyright law: that is to say, a
work containing the Program or a portion of it, either verbatim or with modifications and/or translated into another language.
(Hereinafter, translation is included without limitation in the term I'modification].) Each licensee is addressed as lyoul.

Activities other than copying, distribution and modification are not covered by this License; they are outside its scope. The act
of running the Program is not restricted, and the output from the Program is covered only if its contents constitute a work based
on the Program (independent of having been made by running the Program). Whether that is true depends on what the Program
does.

1. You may copy and distribute verbatim copies of the Program’s source code as you receive it, in any medium, provided that
you conspicuously and appropriately publish on each copy an appropriate copyright notice and disclaimer of warranty; keep
intact all the notices that refer to this License and to the absence of any warranty; and give any other recipients of the Program a
copy of this License along with the Program.

You may charge a fee for the physical act of transferring a copy, and you may at your option offer warranty protection in
exchange for a fee.

2. You may modify your copy or copies of the Program or any portion of it, thus forming a work based on the Program, and
copy and distribute such modifications or work under the terms of Section 1 above, provided that you also meet all of these
conditions:

a) You must cause the modified files to carry prominent notices stating that you changed the files and the date of any change.

b) You must cause any work that you distribute or publish, that in whole or in part contains or is derived from the Program or
any part thereof, to be licensed as a whole at no charge to all third parties under the terms of this License.

¢) If the modified program normally reads commands interactively when run, you must cause it, when started running for such
interactive use in the most ordinary way, to print or display an announcement including an appropriate copyright notice and a
notice that there is no warranty (or else, saying that you provide a warranty) and that users may redistribute the program under
these conditions, and telling the user how to view a copy of this License. (Exception: if the Program itself is interactive but does
not normally print such an announcement, your work based on the Program is not required to print an announcement.)

These requirements apply to the modified work as a whole. If identifiable sections of that work are not derived from the Program,
and can be reasonably considered independent and separate works in themselves, then this License, and its terms, do not apply
to those sections when you distribute them as separate works. But when you distribute the same sections as part of a whole
which is a work based on the Program, the distribution of the whole must be on the terms of this License, whose permissions for
other licensees extend to the entire whole, and thus to each and every part regardless of who wrote it.

Thus, it is not the intent of this section to claim rights or contest your rights to work written entirely by you; rather, the intent is to
exercise the right to control the distribution of derivative or collective works based on the Program.

In addition, mere aggregation of another work not based on the Program with the Program (or with a work based on the
Program) on a volume of a storage or distribution medium does not bring the other work under the scope of this License.

3. You may copy and distribute the Program (or a work based on it, under Section 2) in object code or executable form under
the terms of Sections 1 and 2 above provided that you also do one of the following:

a) Accompany it with the complete corresponding machine-readable source code, which must be distributed under the terms
of Sections 1 and 2 above on a medium customarily used for software interchange; or,
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b) Accompany it with a written offer, valid for at least three years, to give any third party, for a charge no more than your cost
of physically performing source distribution, a complete machine-readable copy of the corresponding source code, to be
distributed under the terms of Sections 1 and 2 above on a medium customarily used for software interchange; or,

c) Accompany it with the information you received as to the offer to distribute corresponding source code. (This alternative is
allowed only for noncommercial distribution and only if you received the program in object code or executable form with such
an offer, in accord with Subsection b above.)

The source code for a work means the preferred form of the work for making modifications to it. For an executable work,
complete source code means all the source code for all modules it contains, plus any associated interface definition files, plus
the scripts used to control compilation and installation of the executable. However, as a special exception, the source code
distributed need not include anything that is normally distributed (in either source or binary form) with the major components
(compiler, kernel, and so on) of the operating system on which the executable runs, unless that component itself accompanies
the executable.

If distribution of executable or object code is made by offering access to copy from a designated place, then offering equivalent
access to copy the source code from the same place counts as distribution of the source code, even though third parties are not
compelled to copy the source along with the object code.

4. You may not copy, modify, sublicense, or distribute the Program except as expressly provided under this License. Any
attempt otherwise to copy, modify, sublicense or distribute the Program is void, and will automatically terminate your rights
under this License. However, parties who have received copies, or rights, from you under this License will not have their licenses
terminated so long as such parties remain in full compliance.

5. You are not required to accept this License, since you have not signed it. However, nothing else grants you permission to

modify or distribute the Program or its derivative works. These actions are prohibited by law if you do not accept this License.
Therefore, by modifying or distributing the Program (or any work based on the Program), you indicate your acceptance of this
License to do so, and all its terms and conditions for copying, distributing or modifying the Program or works based on it.

6. Each time you redistribute the Program (or any work based on the Program), the recipient automatically receives a license
from the original licensor to copy, distribute or modify the Program subject to these terms and conditions. You may not impose
any further restrictions on the recipients’ exercise of the rights granted herein. You are not responsible for enforcing compliance
by third parties to this License.

7. If, as a consequence of a court judgment or allegation of patent infringement or for any other reason (not limited to patent
issues), conditions are imposed on you (whether by court order, agreement or otherwise) that contradict the conditions of this
License, they do not excuse you from the conditions of this License. If you cannot distribute so as to satisfy simultaneously your
obligations under this License and any other pertinent obligations, then as a consequence you may not distribute the Program
at all. For example, if a patent license would not permit royalty-free redistribution of the Program by all those who receive copies
directly or indirectly through you, then the only way you could satisfy both it and this License would be to refrain entirely from
distribution of the Program.

If any portion of this section is held invalid or unenforceable under any particular circumstance, the balance of the section is
intended to apply and the section as a whole is intended to apply in other circumstances.

It is not the purpose of this section to induce you to infringe any patents or other property right claims or to contest validity

of any such claims; this section has the sole purpose of protecting the integrity of the free software distribution system, which
is implemented by public license practices. Many people have made generous contributions to the wide range of software
distributed through that system in reliance on consistent application of that system; it is up to the author/donor to decide if he
or she is willing to distribute software through any other system and a licensee cannot impose that choice.

This section is intended to make thoroughly clear what is believed to be a consequence of the rest of this License.

8. If the distribution and/or use of the Program is restricted in certain countries either by patents or by copyrighted interfaces,
the original copyright holder who places the Program under this License may add an explicit geographical distribution limitation
excluding those countries, so that distribution is permitted only in or among countries not thus excluded. In such case, this
License incorporates the limitation as if written in the body of this License.

9. The Free Software Foundation may publish revised and/or new versions of the General Public License from time to time.
Such new versions will be similar in spirit to the present version, but may differ in detail to address new problems or concerns.

Each version is given a distinguishing version number. If the Program specifies a version number of this License which applies to
it and Tany later version], you have the option of following the terms and conditions either of that version or of any later version
published by the Free Software Foundation. If the Program does not specify a version number of this License, you may choose
any version ever published by the Free Software Foundation.

10. If you wish to incorporate parts of the Program into other free programs whose distribution conditions are different, write to
the author to ask for permission. For software which is copyrighted by the Free Software Foundation, write to the Free Software

Foundation; we sometimes make exceptions for this. Our decision will be guided by the two goals of preserving the free status of
all derivatives of our free software and of promoting the sharing and reuse of software generally.

NO WARRANTY
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11. BECAUSE THE PROGRAM IS LICENSED FREE OF CHARGE, THERE IS NO WARRANTY FOR THE PROGRAM, TO THE EXTENT
PERMITTED BY APPLICABLE LAW. EXCEPT WHEN OTHERWISE STATED IN WRITING THE COPYRIGHT HOLDERS AND/OR
OTHER PARTIES PROVIDE THE PROGRAM “AS IS” WITHOUT WARRANTY OF ANY KIND, EITHER EXPRESSED OR IMPLIED,
INCLUDING, BUT NOT LIMITED TO, THE IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR
PURPOSE. THE ENTIRE RISK AS TO THE QUALITY AND PERFORMANCE OF THE PROGRAM IS WITH YOU. SHOULD THE
PROGRAM PROVE DEFECTIVE, YOU ASSUME THE COST OF ALL NECESSARY SERVICING, REPAIR OR CORRECTION.

12. IN NO EVENT UNLESS REQUIRED BY APPLICABLE LAW OR AGREED TO IN WRITING WILL ANY COPYRIGHT HOLDER, OR
ANY OTHER PARTY WHO MAY MODIFY AND/OR REDISTRIBUTE THE PROGRAM AS PERMITTED ABOVE, BE LIABLE TO YOU
FOR DAMAGES, INCLUDING ANY GENERAL, SPECIAL, INCIDENTAL OR CONSEQUENTIAL DAMAGES ARISING OUT OF THE

USE OR INABILITY TO USE THE PROGRAM (INCLUDING BUT NOT LIMITED TO LOSS OF DATA OR DATA BEING RENDERED
INACCURATE OR LOSSES SUSTAINED BY YOU OR THIRD PARTIES OR A FAILURE OF THE PROGRAM TO OPERATE WITH ANY
OTHER PROGRAMS), EVEN IF SUCH HOLDER OR OTHER PARTY HAS BEEN ADVISED OF THE POSSIBILITY OF SUCH DAMAGES.

END OF TERMS AND CONDITIONS

How to Apply These Terms to Your New Programs

If you develop a new program, and you want it to be of the greatest possible use to the public, the best way to achieve this is to
make it free software which everyone can redistribute and change under these terms.

To do so, attach the following notices to the program. It is safest to attach them to the start of each source file to most effectively
convey the exclusion of warranty; and each file should have at least the copyright] line and a pointer to where the full notice is
found.

one line to give the program’ s name and an idea of what it does.
Copyright (C) yyyy name of author

This program is free software; you can redistribute it and/or
modify it under the terms of the GNU General Public License
as published by the Free Software Foundation; either version 2
of the License, or (at your option) any later version.

This program is distributed in the hope that it will be useful,
but WITHOUT ANY WARRANTY; without even the implied warranty of
MERCHANTABILITY or FITNESS FOR A PARTICULAR PURPOSE. See the
GNU General Public License for more details.

You should have received a copy of the GNU General Public License
along with this program; if not, write to the Free Software
Foundation, Inc., 59 Temple Place - Suite 330, Boston, MA 02111-1307, USA.

Also add information on how to contact you by electronic and paper mail.

If the program is interactive, make it output a short notice like this when it starts in an interactive mode:

Gnomovision version 69, Copyright (C) year name of author
Gnomovision comes with ABSOLUTELY NO WARRANTY; for details
type “show w . This is free software, and you are welcome
to redistribute it under certain conditions; type “show ¢’
for details.

The hypothetical commands “show w’ and ‘show ¢’ should show the appropriate parts of the General Public License. Of course,
the commands you use may be called something other than “show w’ and “show c’; they could even be mouse-clicks or menu
items--whatever suits your program.

You should also get your employer (if you work as a programmer) or your school, if any, to sign a lcopyright disclaimer] for the
program, if necessary. Here is a sample; alter the names:

Yoyodyne, Inc., hereby disclaims all copyright
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interest in the program “Gnomovision’
(which makes passes at compilers) written
by James Hacker.

signature of Ty Coon, 1 April 1989
Ty Coon, President of Vice

This General Public License does not permit incorporating your program into proprietary programs. If your program is a
subroutine library, you may consider it more useful to permit linking proprietary applications with the library. If this is what you
want to do, use the GNU Lesser General Public License [http://www. fsf.org/licenses/lgpl. html] instead of this License.
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one line to give the program’ s name and an idea of what it does.
Copyright (C) yyyy name of author

This program is free software; you can redistribute it and/or
modify it under the terms of the GNU General Public License
as published by the Free Software Foundation; either version 2
of the License, or (at your option) any later version.

This program is distributed in the hope that it will be useful,
but WITHOUT ANY WARRANTY; without even the implied warranty of
MERCHANTABILITY or FITNESS FOR A PARTICULAR PURPOSE. See the
GNU General Public License for more details.

You should have received a copy of the GNU General Public License
along with this program; if not, write to the Free Software
Foundation, Inc., 59 Temple Place - Suite 330, Boston, MA 02111-1307, USA.

(&R)
TOTSADERIE  ENDITET BN DO TDRIELHB. Copyright (C) BE/ELE 1EE DERFT

IDTATSLEIV—=Y T NI TTY, HakidIng,

TY=Y I Iz THEICE > TRETINEL N —RARFAFERNE
(N=vaver, FLRILL>TRZNLUEDON—Y3vDd35EhD)D
EDDEUEDO T CHEBAEIERETEIENTEET,

ZN7OVSLARBERTHEIEEFE > TEAINETH, 2 ORI+
TY. METEEORICEEDENADEAMIE. EACTINLEDE
SHOEHFELERA. FL BN —BARFIBHEZNEE BTN,

BRI ZDOTOT S LEHIT, N —EARFIAHFEZNEOERME I
BT TT, ELBIMoTOARITIIE. 7YY=V T Yz 7HE
FTERLTLEIW(5E%IE the Free Software Foundation, Inc., 59
Temple Place, Suite 330, Boston, MA 02111-1307 USA),

BFRVLIEDA—ILTHALICEVEDEZHERIC OV TOBREESMAELL,
TATSLHRERREDRSIE HFEE—RTRELABRICHENELT UTOLIBENENNRTIINDLIICL TS

Gnomovision version 69, Copyright (C) year name of author
Gnomovision comes with ABSOLUTELY NO WARRANTY; for details
type “show w . This is free software, and you are welcome
to redistribute it under certain conditions; type “show ¢’
for details.

zg/_.TEu

Gnomovision /S—< 3> 69, Copyright (C) FEEE {EE DR
Gnomovision (Fx2 < DERI+CRHFINET, F#L T

“show W EHATLTTFI,

ZhE7Y—VY I VITTHY., HEFHOTTHERT DN
BREIINTWET, FL<IE “show ¢’ E414FTLTFEW,

EENEBOBN R ERRTDLIICA>TWRITHIE RYFH A,
MRHYFHADT, HREDTOTSLIC AHETIVADY )y IP X

ZZTRERARITUR “showw’ & “show ¢’ (& —fARF
HLHBBAHARHMEIAYVRE “show w' ¥ “show ¢’ EFERAA
Za—DTATLILTEREETT,
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Fo BRI BDELSE(TOTST—ELTRVWTW D) B0 BAE. H2WEBEICL S TUIERN S, TOTOIS LICETS TEE
HEINZERSBA (copyright disclaimer)] ICBRALTESINRETY, LTIEFITTDT, BRIZEZEA TSI

Yoyodyne, Inc., hereby disclaims all copyright
interest in the program “Gnomovision’

(which makes passes at compilers) written

by James Hacker.

signature of Ty Coon, 1 April 1989
Ty Coon, President of Vice

(&R)

Yoyodynett(d T T IC, James Hackeril &k > TEh i
A4S 4 “Gnomovision” (AV/IRASABT SOV L)
LT 2 —tIDEFEDOHEEZHRELE T,

Ty CoonEKDEH, 1989F4F1H
Ty Coon, El#t&

ZD—RARFBAHHEZNETR. HhREDTOVSLERENALTOTSAIL BATEIIEERDTVWERAHRIDOTATSLDY TIL—
FUSA4TSY) B BERNRT VT —>avebR-DIATSIVE) I ITHIE%E FRALLEINLYENTHZEEZZIELNEE
AoBLINDBHRT=D BLIERSIE ZOEHEDORDYIC GNU ST 5 — M ARFIAEFHEZEMNE [http://www. fsf.org/Licenses/
LlgpL. html] Z@ALTEIW,

GNU Free Documentation License

Copyright (C) 2000, 2001, 2002 Free Software Foundation, Inc. 51 Franklin St, Fifth Floor, Boston, MA 02110-1301 USA.
Everyone is permitted to copy and distribute verbatim copies of this license document, but changing it is not allowed.

0. PREAMBLE

The purpose of this License is to make a manual, textbook, or other functional and useful document "free" in the sense of
freedom: to assure everyone the effective freedom to copy and redistribute it, with or without modifying it, either commercially
or noncommercially. Secondarily, this License preserves for the author and publisher a way to get credit for their work, while not
being considered responsible for modifications made by others.

This License is a kind of "copyleft", which means that derivative works of the document must themselves be free in the same
sense. It complements the GNU General Public License, which is a copyleft license designed for free software.

We have designed this License in order to use it for manuals for free software, because free software needs free documentation:
a free program should come with manuals providing the same freedoms that the software does. But this License is not limited to

software manuals; it can be used for any textual work, regardless of subject matter or whether it is published as a printed book.
We recommend this License principally for works whose purpose is instruction or reference.

1. APPLICABILITY AND
DEFINITIONS

This License applies to any manual or other work, in any medium, that contains a notice placed by the copyright holder saying it
can be distributed under the terms of this License. Such a notice grants a world-wide, royalty-free license, unlimited in duration,
to use that work under the conditions stated herein. The "Document”, below, refers to any such manual or work. Any member
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of the public is a licensee, and is addressed as "you". You accept the license if you copy, modify or distribute the work in a way
requiring permission under copyright law.

A "Modified Version" of the Document means any work containing the Document or a portion of it, either copied verbatim, or
with modifications and/or translated into another language.

A "Secondary Section" is a named appendix or a front-matter section of the Document that deals exclusively with the relationship
of the publishers or authors of the Document to the Document's overall subject (or to related matters) and contains nothing that
could fall directly within that overall subject. (Thus, if the Document is in part a textbook of mathematics, a Secondary Section
may not explain any mathematics.) The relationship could be a matter of historical connection with the subject or with related
matters, or of legal, commercial, philosophical, ethical or political position regarding them.

The "Invariant Sections" are certain Secondary Sections whose titles are designated, as being those of Invariant Sections, in the
notice that says that the Document is released under this License. If a section does not fit the above definition of Secondary then
itis not allowed to be designated as Invariant. The Document may contain zero Invariant Sections. If the Document does not
identify any Invariant Sections then there are none.

The "Cover Texts" are certain short passages of text that are listed, as Front-Cover Texts or Back-Cover Texts, in the notice that
says that the Document is released under this License. A Front-Cover Text may be at most 5 words, and a Back-Cover Text may
be at most 25 words.

A "Transparent" copy of the Document means a machine-readable copy, represented in a format whose specification is available
to the general public, that is suitable for revising the document straightforwardly with generic text editors or (for images
composed of pixels) generic paint programs or (for drawings) some widely available drawing editor, and that is suitable for input
to text formatters or for automatic translation to a variety of formats suitable for input to text formatters. A copy made in an
otherwise Transparent file format whose markup, or absence of markup, has been arranged to thwart or discourage subsequent
modification by readers is not Transparent. An image format is not Transparent if used for any substantial amount of text. A copy
that is not "Transparent” is called "Opaque".

Examples of suitable formats for Transparent copies include plain ASCII without markup, Texinfo input format, LaTeX input
format, SGML or XML using a publicly available DTD, and standard-conforming simple HTML, PostScript or PDF designed for
human modification. Examples of transparent image formats include PNG, XCF and JPG. Opaque formats include proprietary
formats that can be read and edited only by proprietary word processors, SGML or XML for which the DTD and/or processing
tools are not generally available, and the machine-generated HTML, PostScript or PDF produced by some word processors for
output purposes only.

The "Title Page" means, for a printed book, the title page itself, plus such following pages as are needed to hold, legibly, the
material this License requires to appear in the title page. For works in formats which do not have any title page as such, "Title
Page" means the text near the most prominent appearance of the work's title, preceding the beginning of the body of the text.

A section "Entitled XYZ" means a named subunit of the Document whose title either is precisely XYZ or contains XYZ in
parentheses following text that translates XYZ in another language. (Here XYZ stands for a specific section name mentioned
below, such as "Acknowledgements", "Dedications", "Endorsements”, or "History".) To "Preserve the Title" of such a section when
you modify the Document means that it remains a section "Entitled XYZ" according to this definition.

The Document may include Warranty Disclaimers next to the notice which states that this License applies to the Document.
These Warranty Disclaimers are considered to be included by reference in this License, but only as regards disclaiming
warranties: any other implication that these Warranty Disclaimers may have is void and has no effect on the meaning of this
License.

2. VERBATIM COPYING

You may copy and distribute the Document in any medium, either commercially or noncommercially, provided that this License,
the copyright notices, and the license notice saying this License applies to the Document are reproduced in all copies, and that
you add no other conditions whatsoever to those of this License. You may not use technical measures to obstruct or control the
reading or further copying of the copies you make or distribute. However, you may accept compensation in exchange for copies.
If you distribute a large enough number of copies you must also follow the conditions in section 3.

You may also lend copies, under the same conditions stated above, and you may publicly display copies.

3. COPYING IN QUANTITY

If you publish printed copies (or copies in media that commonly have printed covers) of the Document, numbering more than
100, and the Document's license notice requires Cover Texts, you must enclose the copies in covers that carry, clearly and
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legibly, all these Cover Texts: Front-Cover Texts on the front cover, and Back-Cover Texts on the back cover. Both covers must
also clearly and legibly identify you as the publisher of these copies. The front cover must present the full title with all words of
the title equally prominent and visible. You may add other material on the covers in addition. Copying with changes limited to
the covers, as long as they preserve the title of the Document and satisfy these conditions, can be treated as verbatim copying in
other respects.

If the required texts for either cover are too voluminous to fit legibly, you should put the first ones listed (as many as fit
reasonably) on the actual cover, and continue the rest onto adjacent pages.

If you publish or distribute Opaque copies of the Document numbering more than 100, you must either include a machine-
readable Transparent copy along with each Opaque copy, or state in or with each Opaque copy a computer-network location
from which the general network-using public has access to download using public-standard network protocols a complete
Transparent copy of the Document, free of added material. If you use the latter option, you must take reasonably prudent steps,
when you begin distribution of Opaque copies in quantity, to ensure that this Transparent copy will remain thus accessible at
the stated location until at least one year after the last time you distribute an Opaque copy (directly or through your agents or
retailers) of that edition to the public.

It is requested, but not required, that you contact the authors of the Document well before redistributing any large number of
copies, to give them a chance to provide you with an updated version of the Document.

4. MODIFICATIONS

You may copy and distribute a Modified Version of the Document under the conditions of sections 2 and 3 above, provided that
you release the Modified Version under precisely this License, with the Modified Version filling the role of the Document, thus
licensing distribution and modification of the Modified Version to whoever possesses a copy of it. In addition, you must do these
things in the Modified Version:

A.Use in the Title Page (and on the covers, if any) a title distinct from that of the Document, and from those of previous versions
(which should, if there were any, be listed in the History section of the Document). You may use the same title as a previous
version if the original publisher of that version gives permission.

B.List on the Title Page, as authors, one or more persons or entities responsible for authorship of the modifications in the
Modified Version, together with at least five of the principal authors of the Document (all of its principal authors, if it has fewer
than five), unless they release you from this requirement.

C.State on the Title page the name of the publisher of the Modified Version, as the publisher.

D.Preserve all the copyright notices of the Document.

E.Add an appropriate copyright notice for your modifications adjacent to the other copyright notices.

F.Include, immediately after the copyright notices, a license notice giving the public permission to use the Modified Version
under the terms of this License, in the form shown in the Addendum below.

G.Preserve in that license notice the full lists of Invariant Sections and required Cover Texts given in the Document's license
notice.

H.Include an unaltered copy of this License.

. Preserve the section Entitled "History", Preserve its Title, and add to it an item stating at least the title, year, new authors, and
publisher of the Modified Version as given on the Title Page. If there is no section Entitled "History" in the Document, create
one stating the title, year, authors, and publisher of the Document as given on its Title Page, then add an item describing the
Modified Version as stated in the previous sentence.

o

. Preserve the network location, if any, given in the Document for public access to a Transparent copy of the Document, and
likewise the network locations given in the Document for previous versions it was based on. These may be placed in the
"History" section. You may omit a network location for a work that was published at least four years before the Document itself,
or if the original publisher of the version it refers to gives permission.

K.For any section Entitled "Acknowledgements" or "Dedications", Preserve the Title of the section, and preserve in the section all
the substance and tone of each of the contributor acknowledgements and/or dedications given therein.

L. Preserve all the Invariant Sections of the Document, unaltered in their text and in their titles. Section numbers or the
equivalent are not considered part of the section titles.

MDelete any section Entitled "Endorsements”. Such a section may not be included in the Modified Version.

N.Do not retitle any existing section to be Entitled "Endorsements" or to conflict in title with any Invariant Section.
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O.Preserve any Warranty Disclaimers.

If the Modified Version includes new front-matter sections or appendices that qualify as Secondary Sections and contain no
material copied from the Document, you may at your option designate some or all of these sections as invariant. To do this, add
their titles to the list of Invariant Sections in the Modified Version's license notice. These titles must be distinct from any other
section titles.

You may add a section Entitled "Endorsements", provided it contains nothing but endorsements of your Modified Version
by various parties--for example, statements of peer review or that the text has been approved by an organization as the
authoritative definition of a standard.

You may add a passage of up to five words as a Front-Cover Text, and a passage of up to 25 words as a Back-Cover Text, to the
end of the list of Cover Texts in the Modified Version. Only one passage of Front-Cover Text and one of Back-Cover Text may be
added by (or through arrangements made by) any one entity. If the Document already includes a cover text for the same cover,
previously added by you or by arrangement made by the same entity you are acting on behalf of, you may not add another; but
you may replace the old one, on explicit permission from the previous publisher that added the old one.

The author(s) and publisher(s) of the Document do not by this License give permission to use their names for publicity for or to
assert or imply endorsement of any Modified Version.

5. COMBINING DOCUMENTS

You may combine the Document with other documents released under this License, under the terms defined in section 4 above
for modified versions, provided that you include in the combination all of the Invariant Sections of all of the original documents,
unmodified, and list them all as Invariant Sections of your combined work in its license notice, and that you preserve all their
Warranty Disclaimers.

The combined work need only contain one copy of this License, and multiple identical Invariant Sections may be replaced with

a single copy. If there are multiple Invariant Sections with the same name but different contents, make the title of each such
section unique by adding at the end of it, in parentheses, the name of the original author or publisher of that section if known, or
else a unique number. Make the same adjustment to the section titles in the list of Invariant Sections in the license notice of the
combined work.

In the combination, you must combine any sections Entitled "History" in the various original documents, forming one section
Entitled "History"; likewise combine any sections Entitled "Acknowledgements", and any sections Entitled "Dedications". You
must delete all sections Entitled "Endorsements".

6. COLLECTIONS OF DOCUMENTS

You may make a collection consisting of the Document and other documents released under this License, and replace the
individual copies of this License in the various documents with a single copy that is included in the collection, provided that you
follow the rules of this License for verbatim copying of each of the documents in all other respects.

You may extract a single document from such a collection, and distribute it individually under this License, provided you insert a
copy of this License into the extracted document, and follow this License in all other respects regarding verbatim copying of that
document.

7. AGGREGATION WITH
INDEPENDENT WORKS

A compilation of the Document or its derivatives with other separate and independent documents or works, in or on a volume of
a storage or distribution medium, is called an "aggregate" if the copyright resulting from the compilation is not used to limit the
legal rights of the compilation's users beyond what the individual works permit. When the Document is included in an aggregate,
this License does not apply to the other works in the aggregate which are not themselves derivative works of the Document.

If the Cover Text requirement of section 3 is applicable to these copies of the Document, then if the Document is less than
one half of the entire aggregate, the Document's Cover Texts may be placed on covers that bracket the Document within the
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aggregate, or the electronic equivalent of covers if the Document is in electronic form. Otherwise they must appear on printed
covers that bracket the whole aggregate.

8. TRANSLATION

Translation is considered a kind of modification, so you may distribute translations of the Document under the terms of section
4. Replacing Invariant Sections with translations requires special permission from their copyright holders, but you may include
translations of some or all Invariant Sections in addition to the original versions of these Invariant Sections. You may include

a translation of this License, and all the license notices in the Document, and any Warranty Disclaimers, provided that you

also include the original English version of this License and the original versions of those notices and disclaimers. In case of a
disagreement between the translation and the original version of this License or a notice or disclaimer, the original version will
prevail.

If a section in the Document is Entitled "Acknowledgements", "Dedications", or "History", the requirement (section 4) to Preserve
its Title (section 1) will typically require changing the actual title.

9. TERMINATION

You may not copy, modify, sublicense, or distribute the Document except as expressly provided for under this License. Any
other attempt to copy, modify, sublicense or distribute the Document is void, and will automatically terminate your rights under
this License. However, parties who have received copies, or rights, from you under this License will not have their licenses
terminated so long as such parties remain in full compliance.

10. FUTURE REVISIONS OF THIS
LICENSE

The Free Software Foundation may publish new, revised versions of the GNU Free Documentation License from time to time.
Such new versions will be similar in spirit to the present version, but may differ in detail to address new problems or concerns.
See http://www. gnu. org/copyleft/.

Each version of the License is given a distinguishing version number. If the Document specifies that a particular numbered
version of this License "or any later version" applies to it, you have the option of following the terms and conditions either of
that specified version or of any later version that has been published (not as a draft) by the Free Software Foundation. If the
Document does not specify a version number of this License, you may choose any version ever published (not as a draft) by the
Free Software Foundation.

ADDENDUM: How to use this
License for your documents

Copyright (c) YEAR YOUR NAME,

Permission is granted to copy, distribute and/or modify this document
under the terms of the GNU Free Documentation License, Version 1,2

or any later version published by the Free Software Foundation;

with no Invariant Sections, no Front-Cover Texts, and no Back-Cover Texts.
A copy of the license is included in the section entitled “GNU

Free Documentation License” .

If you have Invariant Sections, Front-Cover Texts and Back-Cover Texts, replace the “with...Texts.” line with this:
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with the Invariant Sections being LIST THEIR TITLES, with the
Front-Cover Texts being LIST, and with the Back-Cover Texts being LIST.

If you have Invariant Sections without Cover Texts, or some other combination of the three, merge those two alternatives to suit
the situation.

If your document contains nontrivial examples of program code, we recommend releasing these examples in parallel under your
choice of free software license, such as the GNU General Public License, to permit their use in free software.
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Copyright (C) 2000,2001,2002 Free Software Foundation, Inc. 51 Franklin St, Fifth Floor, Boston, MA 02110-1301 USA ZDO#I A
FAEENEE, —FATOFXIERLBERTDIEIRFHFT TS, LOLERIZERDHARL,

This is an unofficial translation of the GNU Free Documentation License into Japanese. It was not published by the Free Software
Foundation, and does not legally state the distribution terms for documents that uses the GNU FDL--only the original English
text of the GNU FDL does that. However, we hope that this translation will help Japanese speakers understand the GNU FDL
better.

(8R: LLFIZGNU Free Documentation License D3R REAKRFERTT, Zhid 7 —Y 7oz T7RH (the Free Software Foundation)iZ
SO TRRINZEDTIFAL, GNU FOLEBA L XEDOBRHERMEELENICAN AT TRARALLDTRHYEE A B FRMAFELTIGNU
FDLOREERT F AN TEEINTVZELDDH N BN TY, LA LAHS, FBIEI DR BAREEMEATSA2ICE>TGNU FDLELY
BRI BB EMRMBIEAEATVET,)

0. XU®IC

ZOFBRFEZNED BN COZMENBEAINDE Y27 L OERE, TOMBAER I TRANANEZ(EHTRA)BREWVWIE
TI7U—1&93IE D5 REDERHZWIENOEMNIER 2O XELERLBRAID2EHEETNTOARICHRIRIE
TRHIETT MATIDRMEBICLY, EEPHRENADLEDOEEYICH L THBOBBREEEE[LFROREINIT I AN
ToBRERICH L TEEZADTICEO LRV,

ZOFAFHEZNBIEAE—LIMNHARSIEYAD—DTHY, CORNEFBRAINLXENSRE LCEEMIE. ThE S EREAE
RLEKRTIY—TRINIERYER A ZORHEIL 7=V IM I 7 DIdICREINAIE—LIMSAEY ATHEONU—RARER
FFHEENBEHETIEDTY,

(BR3E: aE—L 7 M copyleft) BRI DWTIE http://www.gnu.org/copyleft/copyleft.ja.html #5BH &)

COFAFEENER. 7)Y INIITAOY AT INCERAT I EBNELTEINELL. 7Y)—VY IV PRI BN EEBEEL
TEY, 7V—ARTATSLEZOY I THMRIETEOERALEBERHITEY =T L EHITERINBZRELNSTT, LH L. ZDR2HE
DEAFEEIZYIRITTOT=aTIVICBFIVEFEANREBIZEMICEVWTRONBZEEAMATHI. HEWNEZTNAHRIShEREEL
THRINBAENEADLT CORNER X FTEMMAEVNRZEFEDICHBERIEIEN AT FBELTI EILIDRMEE
RERCEREBNETEEFMICER TR 2BEHLET.

1. COFAFERNEOEREHEEA
ROESR

ZEMD ORI AHFERNEDOEDIRHD T TRAINDEDENE, ZFEENZTORICEVLTRTOY =T L HZ NI ZTDMDZE
FEIE, WDV BRI EICHo>THIDRWEDOBARRELD, TOLIBEMNEBIET, RHRUITEW T BEEERANEVEEE T 5F
ADEHHAREREINDEE COZHNBEOPRTRASNTVDREDO T CTUREENEFATEDREVIFATEEZDIEETIUT
ICBWT, TTXXE ) (Document) | &I ZDEIRERM AR INAT=aT L AWLEENTATEIET ARO—EASIEHTHENDYE
HERDIENTE CORNER TR HAIIERBIND, BT BEEEDO T TH ALV EETILILFETEEYELERPHRE,
HEIWNEERTDIEICEY . COBWEERHT D&MD,

Ixx &I D IRZERR (Modified Version) | & &, —F—EBRICEB LD HEWEHEPMEENDBRETLAEINEHLLY 2D
IXEIDLEHZVNE—BAEBUEENIRTEEKT D,

[#:EE8 5 (Secondary Section)] &id. FXEZEIRTZEDEREINAHERVLAXICEEZ>TRIFHELTEIND—EATHY, [XF)
DHIREHDWEEEE, IXFEILBOER (HDVRTNICEETIEMR EOBEROHEMRL. RAELCOEBOHRHICEEBT2NEE
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2LEFRVEDTHD (FE 23 TXEBIO—WMAREOHNE L o7 HE FHEID TREBIOOVWTHEMERE L TT RSV, fEER S
THRHNZERIE. TOEBEH D VIEETIEHREDOERNADRHAYDIENEMNRVL, ThSICETZEN, BEN. HEH, HIEHN,
HBWMEBCARIIZIC DLW THERN AL,

[ZEARFES (Invariant Sections) ] EIEFET DD —FE T ZNOAREFAAMD THZI LA IXFEI 2O AFHAZNEO T TRR
THERNEMRICEVWTEORYDBEEEHICARINTVDIEDTH S, HIE DD LEDLI L THEIEDOERICZSDRVGAEI,

TOWAEEBRAIELTRET HILEFROONLN, IXEII BEFARRELLEFTRTERWV IXBENCBVWTEEFTBOH

2LHEEEINTWRTNE, ZOIXENCERTRTRFEEFELRVENIZETHS,

[73/3—=FF X (Cover Texts)| &ld, IXEIANZDOFARFAERNEDEET 2R D T TRRINDEBRNLEMBENT [RAN—FTF
AN BBV TEAN-FTFRAMNELTIEINCBWLEDIEEE T RAN—TFAMIRZATEE BAN—TFAMIHZKAT25EET
E9%,

TCEID N EBH I ERIE L I LD HAHIY D AR T BIOERMD I EEIE T, BBNAENN O EW R L. ZOEHEHS—K
DARICAFTHET, (XBIOHABE—RIRTFRANIT 19, T/IE(BEHRTHERINDERES ) — BRIV NTOT S A HDWNE
(RERSIE) N DD DELAFTRERMUR T T (9 CHEEICHETTZ2OISHLTEY. REDDTF AN IA—IYIANDANITET 3(H BV
FTHFANTF—TYIANDAINET 2B RO BEWAZEIRITET 2) D TRFNIERSRWV, BB R T7 IV ERADERTH>TE,
=977 HBNEX—IT YT ORENFEILLBTNUBROREE DI MR UAET LI MENALEDRF BB THDEIFRM
TNV, HIEEEAS HLUEOTFRANELRIRT 2DIEDNABE. ThITEBNTIE AW, EBMN TIE RV ERIE TIEERRN )
BRETEND,

FRMERIHELHROFIELTE =07y TEEFEHRVTL—27 ASCIFE R, Texinfo A TR, LaTeX AR, — MR ICAFTHEAR
DTD% Vo SGML#HZWMEXML, F7cld AL BEREAIEE L TERET SN AZHEICHER L 7o > > T ILARHTMLYPostScript, PDF2E A
BF5h 2, BRIRERERDHICIE. PNGPXCF, JPCHAEEN S, EZBAHRE LT RENRT—RTOEy Y TOHBBERETED
IR TPAIVER EEBITIEIAFTERL DTDFHIFLEREFS/SCMLP XML, HZEDT—R 7Oy YN ERT 2 HODAHEBH
& LT R DHTML>PostScript, PDF2E M & Eh 5,

IR (Title Page) ] &&, FNRIS M2 BEICRV T RRORBEFOH 25 ZOF AIFEZNENRIKICIBM I 2L 2HBH DI
BOHAEE GHPTWETHEDDICLELRRITO, RIBISBISHEBAR—IEEBHKRT 2. RIJICRT2EONRVATRRINDEE
MICBWTE, TR EIEAXDIRFEYICEL>T T DEFMOBE N HZE B DWW TRIDGFDEICENMMNMEXEDIEEET.

IXYZEREI N7z (Entitled XYZ) 1 BB &1, IXBNICBWTIXYZ I EE M IFON—EHTHY, TOBAIZERICIXYZITHEH, [XYZ]
DS EBICHIRLZ ETEDERBICIXYZI A ZDFEFFEMTHESLEDEEZLERRDEELNTHB(ZITDIXYZI &I, ZOFI B
ZRHEICBVWTUT TERINDIFHEDIL BEEKRL TV, FIZIXTEEE (Acknowledgements) |, [#kE (Dedications)]. I#EDEE
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EBINIBHELT. IITOERICHVELEKZTEVWITETHD,

It &, MRIEERE S (Warranty Disclaimers) ) %, ZOF AFFEZNEN TXENISEAINDEBANERNDRICEATERW, Z0E
DRIERE 13, ZOZWENODEREVOIHTHARMFICETNDZEDEBINDD RIEDTRICEHTEIELILDOVTOAREMET S,
OV RABREETTRLIZDTOMOVAREERLENTHY, COZWEDOMBRICIIASHBERAL,

2. ZENICBRLEN

ZOFIAFFHEZNE. ZFERT. COZNEN TXENSERINS ERNCEHO = DA R TORBMICER I N DHRIA DR
FHEBTHEEINTLIUADWARERAEGBIMULRWRY, H7RIDOIXEI%Z AR THINEN DT WA RIH THLERRIER TS

ZENTED HIRTIE HRIAERHBWIIER T HERYICH L T B CBERERMIAFERCL o THE RHLTIASRWL, LA

LaA's, BRE S| SMAICRME/ TED T DRV, HRLHEL BORRNERH T ERICIE. ARNEHRIBETHEINIREICHR DA
TSR,

Frehrid, LRERALERHOT T R/EMEES LYERMERICFHATIZIENTES,

3. KEDES

ELHA TXEIDHRIIN I (HEWEBRIZERI SN RIEZF OBARICH1T2) BRI Z 1008 BA THAIRL. AL TXEIOFMA
FHREHMAAN—TEFRDOBEHEERLTVIHAICL IBEINALITRNTOAN—FTF AN RAN—TFAMIRKRMBIC. BAN—TF
MIBERIEIC, (Fo Y ERAP TV THE LREOFIERMAFER A I RFNIERSRW, T AADORBICEVWT ThHDER
MOUIREELTOHRIZEFOZYED DHEAP TV TRATEATNE SRV KRB TR INBIORLAB L L BEEBRTDT
RTCOFENELCBILDLIICLT BRI R TRIQTNIERSRWV, ZRODBEMICIA T RRICMO LT PR QREEMADI G
AEND, REDOHEZEELERNIE, ThH TXEIOBLEFRFL LEOFRGEEHBLITIRY., EHDRTIEZFENICERLERYEL TR
bha,

HLEEODDRBICERINDNN—THFANDEN ST ETHAP T MDD EN FARERSIE HATIFTHFRMNEAD — X (HDNEE
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AEBOERMEBET LIROBRICIIROICEBAEERLTEWTIELL,

4, HE

IXEIDHZER %, COFBFHEZNECMBEITRA—DRUDO T TRRIZRY. TRDERADERE 2N EIRTESRA S TORBE
BEE TOEBMEMET DTN TDARICFFATBRY, HAIEWERE LRE2HESPEIRMEET 2RO T CTRESLCEAT
BIENTES, IS, HRTRFBERICBVTUATOIEETORFNIEARSR,

ABRIC(BLHNETDOHORMKICT), [XBIS SUTXFEIOTALRIORE RO FH OCELEHEDIE(BLUATD fRA' DI, F32
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GC.nOIXEIDOHAFAENICENMN REFT BOORLA—BE BERINDHN—TF AL WRROFAFES MTEHTDX
FHIIE,

HIDZHED. ZEINTWANERYEZEDHDIE,
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Copyright (c) YEAR YOUR NAME.

Permission is granted to copy, distribute and/or modify this document
under the terms of the GNU Free Documentation License, Version 1.2

or any later version published by the Free Software Foundation;

with no Invariant Sections, no Front-Cover Texts, and no Back-Cover Texts.
A copy of the license is included in the section entitled “GNU

Free Documentation License” .
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Front-Cover Texts being LIST, and with the Back-Cover Texts being LIST.
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