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EXETROFITIE. BRADFTHNITY RZTNEE (THEIC > ® # BEINET)
ERULENBEA IR Y ROHABFICR>TOWEY BPDHNLREEEIETS
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 ZRBY—)

%< D Linux YATLERY— LI, Y RATLD—EOAEERT DI LT
A TR TWETH, [HEFAMT] DEIBVRTFLREA—FERT 7548
BEDEVEEELTVET . FTEINSOY—ILAFIBALTYRATLRED 1§
BEODOEEHIL. EDBRIIDVWTLYMIDWRAEEANEETE2DOHEMHEEL
TLEIW,

2.1.1 vmstat

vmstat [(E7AERPAEY, 1/0 PEVYAH, CPU ICETZEHREINELET,
IRSA=H|RERAIEEE T ICEITI 5 BEIROBEEIEZ DT HEEAR
TLET, NIA—YICREEREIEE L TEITT . EEOFEMBERIEICE
ERRLET:

A 2.1 vmstat BEDET> 2 TDHTL

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

A 22 vmstat BEFDEVE > TDHT (FIC CPU E@FLTVE V)

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 DH A DIERZADITICIE, BICEEDBEEMNSDIEHEIRK
RINFET,

BN ENEN T EDEDIRTIINTT:

10 YRTLDHEF2—ZVTHAR



Lr]

EFF1—ICA>2TWBTOEABHARTIINET . chs07OeRIE. 0
A (TR0 CPU DZEZXEF > TWBIRRETT , ZZOEHLFIA T RER
CPU # JYEHEEBRICKEIWISEEIZ, CPU DUIBRENNTELTWSRIE
ERLET,

6]

CPU LA DB RAFHL WA O AMARRTINET , ZZOEI W
BAIF. ABA (RYRT—VFLIET1RY) ICRBIHBZBIEERLTVE
ERS

[swpd ]

REGEAFORTYTHEBOE (FO/NMEAL) BRTRINZET,
[freel

READAEYE (FONAREA) BRAIINET,
Uinact]

KEAAEYD>E. B ARREREDRIMEEZRLTVWET, ZDFIE,
vmstat D/NTA—H(T -a (/NS A—F) ZIBELILBRICOHARRINZE
ER

Lactive]

BEIBAIEATEAWV BEAETHEAINTOWSAAE)DEEARRILTVWEY, &
DFE, vmstat D/INTA—=HIC -a (HEBE/NNTA—F) ZIBELIHZEICOHK
VY -3 I8

Lbuff]

RAM RIZHBI77AI NNy T7XvyoaDHA X (FONAMNE[L) HARR &
NFEYT, ZDMEIE, vmstat D/INSA—HIC —a (/RS A—4) ZIBE LB
BIERRINEE A,

[cachel
RAM RICHBER—IFryaDH A X (FONAMERL) ARRIINFT, &

DIEIE, vmstat D/NTA—=FIC —a (HE/XTXA—F) ZIBE LB EICIEERT
InFEt A,

YATLERI—T1)T1
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[s/]

1 WHEVICRTYTEENS RAM ICBELI-T —YDE (F0O/51 MEAL)
PRARINFT, ZDFDOEIARVERBEWMEEZRLTWSISE. BFEVD <
U RAM ZEINLZIED DLV LW EERLTWET,

[so]

1 #MH7=YIZ RAM BSOS Ry THEBICBEIL /- T— D& (F0O/N1 MNEf]L)
PRARINFT, ZOFDOEIARVERBREWMEEZRLTWSIBE. BFELD <
U RAM #BIILZIEF5 LY LW EAERLTWET,

[bi]

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

[bo]

1 BHEVICTOVIT AR (TARVRE) ICEZAALRTOVIEN KRS
NFT A7y TUNENRISTBEICE. COEIIEMLET,

Lin]

1 BHYDEAABDRTIINET . COEDEWIHE. AR (Ryb
V—=PEIETARY) BERELTWSBIEZTRLET,

[es]
18HEYDOAVTFRNZRAYFENRTIINET  CDEEBEICEDE,
NA—RIDEBDTOTSLEERITTEH. —HFDTOATSLSMEDS
A7 S A ICETIA—REYYBE LB ARLTWET,

Lus]
A—H7O0€RICES CPU FRAKRA/NX—tVT—VTRLTVWET,

Lsyl
VAT LATOERICES CPU FREKRE/A—EYF—ITRLTVET,

Lid]

CPU 274 RIVIRRE (REHDIREE) ‘u%?fu%UA%/\_t/T_/‘—C—J__L
TWEY, a.@{ﬁb‘EL\H%FEﬁTDttEI'C%DK Ze. BFEVLD CPU HAMEL

AT LDEFI—=VTHAR



PO NTWEZEE RLTVWET, ZHIFEFICEWNKEE WY DI TIEHYEE
ho [r] ¥ [b] DIEEZFNZTNHESEL. T27% CPU HEENH B E% FEER
TENIX BFICCOENNNIKTEDERITZIDEIHYFEA,

[wal

"'wa" DEENEOLYREZWVMEEZRLTWEISEE. T—YDAEAFETR
I— Tk (UE;EF*) NEBTVWBIEATR L’Cb\i?oc_htitc‘:z‘_ti‘77'f
W D THEMADLIIRIFEP. ETOEZIAHLIEEIBLDONRWNELD
RIZEITIE ;&Lj‘bh?&b\%@‘cti%U 3 N i?ﬁ_\ CDIEIEN—RITT7 ED
AR YY (FEZIERYRNT—=I0N—RT1RY) MEELTWBIEAETRL
TWBIHEH HYFET, TNLUAICEARTEAEY 2 —2 v (L E15E
XEYEBY TR FTLADF2—=>0" (179 R—) B HmHLEIV) O
Fa—=UJETRIRMAHBIEERLTVWRIGEE HYET,

[st]
ﬁilu\_\?//f'fﬁﬁﬁ—khf\_ CPU H%Fﬁﬁo)/\_t /T /%%T L—Cb\gj-o

S5RBA T3 DWNTIL, vmstat ——help ZHEFHEHEILN,

2.1.2 Y RAT LDENEER: sar & sadc

sar ARV RIZIFIERTOEERY AT LAIEICDWTLR— N £ T2IED
TEZY—ILT, CPU®XEY, IRQ DERAR, ABAPRYNT—7 REDER
ERTTDIENTELXT, TRV RELR—NE2ZFDBTERTEZIE AT
FZED AT LAMEOIETOYVSLTHS sade BB EIC IR LZEEDE
WASIERTAIEETEET, AP, sar ¥ sade 2T /proc Z7(IL AT A
M IRETZEREFIALTVET,

¥EQ: sysstat /Syor—

sar & sadc (& W IE sysstat /Sy —JICEENTWET, YaST A5
AV AN=IVZATIRO D B LI zypper in sysstat TAVAM—JL Z1T
o TLEIL,

2.1.2.1 sadc ZFIAL=-AXDOBEIT—HINEE

BEVWDURTLERWERBICH>TERLEZWGEIE, sadc #FBLTT—
HeBEINEITEIEEBHOLET WNELT—HIIEDDS sar AV R TH:

YATLERI—T1)T1
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MIADTENTEZET, sade ZFEENT BICIE, /etc/init.d/boot. sysstat start
H RITLTKEIW, ZOAV VNI TEDBEEDERET sadc ZLVHET LD /
etc/cron.d/ IC) 0 %BINTBEDTY,

« FIAARAETOT—9%INET S,

« 7—#I& /var/log/sa/saDD ICEXAL, T EREDH (BE) 2R3 E
DEFT B, BRICT7MIVDFEETDHBE. 771 T—H1TIN 5,

o« WIELR—MZ /var/log/sa/sarDD ([CEXRAL, ZZTODIEBIEDR (B
RS BDETB B T7ANDEETEIHE. 77I1IIET—h147EN3,

s T4 10 PEETINEL. BELR—MI 6 BRI EIERK TS (Jete/
sysstat/sysstat.cron ZHFmAHLEIN) ,

o T—4Id /usr/lib64/sa/sal TUNEKT S (32 EVMNRIEDHZB AL /usr/Lib/
sa/sal)

« BEZIE /usr/Lib64/sa/sa2 THEM TS (32 EVMRIEDIZEIE /usr/Lib/sa/
sa?)

BEANRAYITAXLIEWESIE, sal & sa2 DRYYThAIE—L EICHL
TIBEELTEIWN, F/. /etc/cron.d/sysstat (CdHd S VRYyoYo% /
etc/sysstat/sysstat.cron DARYTA XRE AN ZTLIEIN,

2.1.2.2 sar ZFIAL 7L R—MER

LIR—REZDBRTERT I, sar AV RICRER ) EhoV haEELTE
TLET, 771U DSLR—IEERTZICIE, BRIEEDRDYIC-f 4 Tay
HRAL. 771IL&% IBEELTLEIW, 771 A BB Ao hoWTFhEig
ELRFNIE, /var/log/sa/salD T7AIDSLR—NEERRLET, 2T IC
IS BEDH (Bf) BAVET, EEBDT 4L I M)IE sade BT —FEEZIADER
DEEDTALIN) T  EHDI7MIVEFZHFAUZEE, AT avERE
BRELIFEELTLESIN,

sar 2 10 P ZOBTLR—MEERT 2, 2 WERT 10 @,
sar -f “/reports/sar 2010 05 03 # sar 2010 05 03 7 7 1 ILIADREWVWEDLHE,

sar #t /var/log/sa/ ICHBARBDDT7 74 I ADEWVEDYE,
cd /var/log/sa &&¥

sar -f sa@l -f sa02 #t /var/log/sa/0[12] @7 7 4 IL~ADEWVEDLE,

sar DEFRERGIEHBRIIBBLET, BHDEBKICDOWT, FLLIL sar D
man (1) (R=aT7IR_R—=2) ZBEFEALIEIN, ¥ =T ILR—IICI, sar DR
TEHLDA T aviBERLR—NERFEDEDINTVET,

AT LDEFI—=VTHAR



CPU fFAZELR—N: sar

AEA T avaiEEEFICMOE LIRS, sar (& CPU ICDWTEANAL
R—REERLET, VILFTOEY IO VDBE. 2TD CPU ICHT 2R
BEINTRERINET . EABD CPU I L TRIXD#EET IBEREB WSS,
-P ALL AT avaHHLEIL,

mercury:” #f 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 Y%system %iowait %steal %idLle

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
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

[ZBiowait] (NHEDERF#L T CPU BEOZE) MRV BEEOLYEEE
ZICKREWVGEIRABADY AT L (RYMT—=00/N—K T4 RY) IZRMNLRY
INEETBIEERLTWET  F. [(Fidle] RVWEEEEOTH1IHEIL.
BHELND CPU D MEEAF W] >TWBIEAERLTWET, capacity.

AEYFEHEKLR—b: sar -r

BHEVDYRTLXE! (RAM) ICDWTHEAEERTBICIE, -r T VavEE
BALZEY:

mercury:” ff 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

%D 2 5 (Lkbcommit] & [%commit]) IZIE IREDAREANIETBICH
o TREBLRAHDAE)EE RAM ERTvT DA DERAEEAZFNEIRF
O/NAMEENR—E VMBI TRIRILTUVWET,

R—=IVTHRETLR—N: sar -B

A—=RIWDR—=I VT IBEHBERERTT DL, -BAT avaFRALE
ERS

YATLERI—T1)T1
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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 %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 BHIYDATr—TA4ILR) DI, FARY (RTvT) HOAE
EWMIGEHAEINAR—JHEDEHINTVET, AT v—TA4ILMDEHIKEL
RBEVRATLDREABETIETLEILD, XMV AEVDFRBEZEKRT DIEIE
ICRYET F 2. [Bvmeff] DINTIEXA YV AEYHDF vy 1P ATy T x4y
2a ([pgsteal/s]) 1T D AFx vV iBHR—T8 ([pgscand/s]) DEIGHFR
RINTVWET, INIEFR—TD BRIABICOVWTHMREETRTEDT, 100 I3E
WMEATRT (FNTIhRITYTTON SNAERFERDODR—IUDBIAINTND)
MBELLIE O ISEWMEATRYT (R—IUDRFYIINTVAW) FEVRTLD
MELILBVWTWDBIEEZRLET, BB ZDEIE 30 LYUNIWMEICRZRET
EHYEE A

TOvITINA 2D FEEHEER: sar -d

TOVIFRAR (N—RFARY RERSAT, USB AL —UF/RA214E) I2
DWTOHEHERERRTBICIK, d AT avaFRALEY, [DEV] DFER
PFLT B, -p (pretty-print) DEBIMNA T avEFRALTWSIEETHEERL
EEW,

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 avgrg-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 scdd  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 avgrg-sz avgqu-sz await svctm %util
16:28:51 sdc 15.38 329.27 465. 93 51.69 0.10 6.39 4,70 7.23
16:28:51 scdd  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 scdd  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 scdd  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 svctm %util
16:29:21 sdc 13.20 362.40 412.00 58.67 0.16 12.03 6.09 8.04
16:29:21 scdd  0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

AT LDEFI—=VTHAR



Average: DEV tps rd sec/s wr sec/s avgrg-sz avgqu-sz await svctm %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

BEVWDIVUNERDTARIDERBDINTWEIGE. ETDTARZICTL
TEHAMICAREDERI DL WS EREDMREABIEHTIENTEET,
[Average] 17D [tps], [rd_sec/s], lwr_sec/s] DIE% £TDT1RIIITFL
THELTLIEEW, [svetm] & [Butil] DINCHBIEDNEENICEWNGE L.
TARAIVAHAD BERENRTRBLTWBRIENEZILNET,

RYRNT—DDIEETIE®R: sar-n F—T— N

-NFTVIaVEIRRETDIE. RXYNT—VICEAETIERD LR—NEEKTEHIE
MPNTEFT, nITHWTTED F—7—REIBELTLEILY:

o« DEV: 2TDORYNT—IFTINA RN T D5 LIR—hEERRLET,

EDEV: £ TDXRYNT—IFINA R T BITS— #HEtL R— MR LET,

NFS: NFS Ot L R—R &£ LE T, client

NFSD: NFS 4 —/\DfEet LIR— M £ LET,

SOCK: /Ty MIRT Bftat LIR— b ERLETS,

ALL: 2TDRYRNTI—VEHEREERLET,

2.1.2.3 sar T—9DREA(L

sar DLR—MIARBICE>TENIFERPTVWEDEIEE A FH A, kSar EMHEIE
h3 sar T—YDHEAL Java TSV Tr—2avd HYUFITN. ChEFIBETEE
TRYTWISTEERTEIENTEET, F/.2OF7 TV r—avid PDF #
A TCOLR—IEERTBIEETEBIEFD., TDIFBTOERCBET—IDIT74
IWDSERTBIEETEET, 8. kSar 1& BSD SAEVRATRMHEINTWE
F.EEL<IE http://ksar. atomique. net/ ZBHEA LI,

2.2 AT LER

YATLERI—T1)T1
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2.2.1 TIM ADAFIEE: iostat

iostat IV RTLTNAZADEREZERLET, BHEVDIRATAILERINE
WMBFARIDBFICDOWTIF NSYREEL=HDEF L LIR— MR
3R

&AM iostat LIR—ITIEX Y AT ARENIERD L INELKITONREHEREZR
RLETENLUREDOLR—I T BIED LR—IDODEDERFLET,

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
sda 1,34 5,59 25,37 1459766 6629160
sdal 0,00 0,01 0,00 1519 0
sda2 0,87 511 17,83 1335365 4658152
sda3 0,47 0,47 7,54 122578 1971008

N AT AVERETBE, iostat ([ERYNTI—S TPV RT A (NFS) (CET
PEEBREARTTSLIC AYET, £ x AT LaVvEEETDE, LYEL
SMHEDOMEBERERTLET,

Fre . EDTNAREENLKLVDEEREIERCERIT2ONEIBEET S JENTE
F9./cEAI1L iostat -p sda 3 5 DLIICANTBE. T/N1 R sda ICEEATBL
R—M% 3 #ERET 5 BXRRLET,

XEC: sysstat /8yor—

iostat (& sysstat /Xy —JD—HBDTY, YaST ZFMATHH H L
zypper in sysstat AV RTNRYT—IB% AV ZAR—ILLTLEIL,

2.2.2 70ty OEIHFEER: mpstat

mpstat 1—F 4 Fq& FIAFTRELZ IOy YD BERREZRAELF T, HBE
WDYRATFALICTAySD 1 EUHMEBEH ShTOWARWEEIE. 2RO HET
BRARTIINET,

PATIavHEIETIE. REIARETOYHE BESTIEETRZIENTEET
O A1 BEBICRYEY) , 9137124 Tavid, iostat DEDE FL

PYATIEELET =& X mpstat -P 1 2 5 DLIICAHNTRE, 2 WERT

50, 2&B®D 7OtyvY (BSEET 1) IBATELR—MHALET,

AT LDEFI—=VTHAR



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 %ira %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 ¥
0.00 90.05

2.2.3 Y RV DEER: pidstat

BFEVDIVRTALICBWTEEDYRYIDAR AR LW EIE, pidstat %
VREFERALETEBIRLIEZNETND YRVICDWTAEBIR AR TITDEIN YR
HEMAEI/ELRWMES I Linux A—RILHBIET L9 R DIIBR T ERT
LEd, LR—MIEIEETEHIENTEZEFN. TNODORHEEREAIEET SIS
H TEZEY,

fe&EZzlE pidstat -C top 2 3D LIITANTSE AXVRKIC Ttopl 2E5T4
290D BEKRERRLET, 2 WERTE 3 BDOLR—IMERINET,

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—RIWVDIV 2T 1w I7PRZ: dmesg

Linux A—RIL TR BEDAYE—I%) T \y 77 RICIRELTWET, 2hbd
DAYE—UHRRTBICIE, dnesg ATV RE ZTFIFALE I

YATLERI—T1)T1
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tux@mercury: > dmesg

[...]

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

subfs: unsuccessful attempt to mount media (256)

e100: eth0: e100 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 @ 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 @ changed to on

ISICHWARY MZDWTIE, /var/log/messages ¥ /var/log/warn 774 JLIC
REINZET,

2.2.5 EHhhTWBI771)ILD—KRT: Isof

BELEZTOER ID (PID) THRWTWS 277 )L E—BRRTDIIIE, p A7
2avaEEELFT . LA BEDOVIIIAIEVNTWBLETOI7M IV AR
5 ITIE,. FEEDELIICAALET:

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 3 584 2/

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

bash 5552 tux mem REG 0, 0 [heap] (stat: No such
bash 5552 tux mem REG 3 217016 115687 /var/run/nscd/passwd
bash 5552 tux mem REG 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

WwWwWweo ww

bash 5552 tux Qu 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 IIER AR IINEHT.VIIEEDO 70X ID ICBERASNTE
TINET,

F7- lsof ICAIEA TV avAaELAWVWTET TS, RERINMNTVWEZETO
774N E—EBERRLET AN TVWDBLTD IJ7MIL 2Rt T2 8D T7A
RS TLEI D 27710 %E RRLTEHFYEFTIEHYEE A TDRK

AT LDEFI—=VTHAR



DI RREEAEAEDLED CET HVPTVW—EILTE2ONEEDHTT,
TEZIEFYSIITNARAD —BEHRRTHITIE, FEEDLIICAALET:

tux@mercury:~> Llsof | grep CHR

bash 3838 tux Ou CHR 136, 0
bash 3838 tux Tu CHR 136,0
bash 3838 tux 2u CHR 136,0
bash 3838 tux 255u CHR 136, 0
bash 5552 tux Qu CHR 136,5
bash 5552 tux Tu CHR 136,5
bash 5552 tux 2u CHR 136,5
bash 5552 tux 255u CHR 136,5
X 5646 root mem CHR 1,1
Lsof 5673 tux Ou CHR 136,5
Lsof 5673 tux 2u CHR 136,5
grep 5674 tux Tu CHR 136,5
grep 5674 tux 2u CHR 136,5

2 /dev/pts/0
2 /dev/pts/0
2 /dev/pts/0
2 /dev/pts/0
7 /dev/pts/5
7 /dev/pts/5
7 /dev/pts/5
7 /dev/pts/5
1006 /dev/mem
7 /dev/pts/5
7 /dev/pts/5
7 /dev/pts/5
7 /dev/pts/5

-1 FTavEIRRETDE, lsof (F AVI—RYRITZAIICDWTERRTDLD

[V FT:

tux@mercury:~> Llsof -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. example. com: imaps (ESTABLISHED)

npviewer., 9425 tux 40u IPv4 24769
npviewer., 9425 tux 49u IPv4 24814

ssh 17394 tux 3u IPv4 40654

0t0 TCP ¥
jupiter.example. com:51416->www. examp le. com:http (CLOSE WAIT)
0t0 TCP ¥
jupiter.example. com:43964->www. examp le. org:http (CLOSE WAIT)
0t0 TCP ¥

jupiter.example. com:35454->saturn. examp le. com:ssh (ESTABLISHED)

2.2.6 H—XxJL& udev DRV MBFFEER:

udevadm monitor

udevadm monitor <RI, udev DIL—ILHBFELI: h—RILARVKE
uevent AFEERL. Y —ILISHLTEDARYRD F/31 R/ (DEVPATH) %
RARLET, FERIE USB XEYRTFTavI%#ERR LIZIBEDARYMITY:

EC: udev IRV MDEER

root Z—H 734" udevadm AV REFIALT udev IRV NEEE BT

ENTEET,

YATLERI—T1)T1
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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/ush4/4-2/4-2.2/4-2.2
UEVENT[1138806687] add@/class/scsi_host/host4

UEVENT[1138806687] add@/class/usb device/usbhdev4. 10

UDEV [1138806687] add@/devices/pci0000:00/0000:00:1d.7/usbd/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/ushd/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

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

UEVENT[1138806697] umount@/block/sdb/sdb1

2.2.7 X)) F1 DA MER: audit

Linux DEBEIL—LT—VI3EMREE VAT LT. 2TOEF1) T4 EANR
UhE INELFT,INOSDREFITZDOREXTI)TAR—DERDPFELELTWY
BRUDNEID BRBETH-ODICDITRabhET,

2.2.8 X11 9547V DFIALTWSH—/X
¥RIEHDEDS: xrestop

xrestop &, TNENDEREA X11 V4TV M DWT H—\AITHEIN
TWBERIERARTLET HAIF 2.3.418 [TOERK: top] (26 R—)
ELLPUHUIR>TVET,

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 1 1182 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 7?7 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
2a00000 209 33 1 323 238 1111K 12K 1123K  ?  Trekstor25

AT LDEFI—=VTHAR



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 ?  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  EMACS
2200000 54 9 1 30 31 42K 3K 45K 7 SUSEWatche
4400000 2 1N 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
+3000000 21 7 0 11 9 7K 888B 8K ? KDE Wallet

2.3 7OtR

2.3.1 7Ot AME(E: ipcs
ipcs TOVSALKBEFEBAFSOD IPC (FTOCABERE) R TRITBIENTEE

—————— 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 7O0tAD—%K: ps

ps AV VRIE. 7O RAD—EARRTBHIENTIET, Lié:/ut‘@/{?)(—’ﬂi
VAT ARBESRLTELIEDNTEE T ERLRAINLTEHFOIHZEIL ps —help &
AU KYEFHLWIAIILTE FZOBBIITZaTIIR—IEBHEHIEIN,

YATLERI—T1)T1
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F-. 2TOTOERIOVWTA—HEOATYRSAVIEHRAER T T BICIE, ps axu

EANBDLET:

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
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 7OEZADBWNDEMEL TWBDHE ARBICIE, -p AT Vave
pidof ATV RAEHALTLEIW, pidof AT VRIZ. IBEINAZEIOOT VR

ERIFLTVWSTOER ID &, —BXRRTS AIYVRTT,
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

TOEA—BOERIBBRICHLUTEETBIENTIEY, -L AT aVEREE
LCEFT2E. BRCETELTOF—T—REHNTSE ZEHNTEET, &2
ETFEROITYRTIE 2 TOTALREAEY O FAKIRICHENTRRLEY:

tux@mercury:~> ps ax --format pid, rss,cmd --sort rss
PID RSS CMD
2 0 [ksoftirqd/0]
3 0 [events/0]
4 0 [khelper]
5 0 [kthread]
11 0 [kblockd/@]
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

EF74 ps OO
ps aux —-sort 5/
F DHEANBICHEAREZFT . ZNTN I/ 1T TR EIEETEET,

AT LDEFI—=VTHAR



YIEXEY DL pmem
CPU DfEFZE: pcpu
EEHEYMAZX (RT7YTLTOWRWYEAE)): rss

ps axo pid, %cpu, rss, vsz, args, wchan

£7O0RIZDWTPID & CPU DFEAR AEYHAX (BB LIVMRE) &
L. BLOVRATFLAO—INZGERTLET,

ps axfo pid, args

ARV — (KiBiE) 2RTLES,

2.3.3 7O0EADY")—FKK: pstree

pstree XV RIE, TOERAD—E%Y!)— (K) #1E TRRLET:

tux@mercury:~)> pstree
init-+-NetworkManagerD

|
[...]

acpid

3x[automount]

cron

cupsd

2%[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
“—kwin
kdesktop---kdesktop lock--—-xmatrix
kdesud
kdm-+-X

“-kdm---startkde-—-—kwrapper

P AT AVERETDIE. ZTNTNDERIDEAIC TOER ID #RRTHIE
HDTEFFT, AVVRSAVICDVWTERIRTS ITIE, —a HIBELTEIWN,

YATLERI—T1)T1
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2.3.4 7OtARK: top

top <RI "table of processes" (FAERAKR) D BT, 2 WHIICEHITS
HATDTOERA—EBAERRLET, TOYVSLE T T5ICE. QEHLTES
WoE7, -n 1 RSA=F%I/ET L. TOER—EZ—ERRF §5/1FT70O

TSLDHRTTBLIICRYET, FEEld. top -n 1 DHAFITY:

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
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 kswapd0
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 wl control
1752 root 15 0 0 0 0S 0.0 0.0 0:00.00 w1 _bus masterl
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

BEZE TI& CPU O{ERZE

Shift + M: BEEXE) ([RES])
Shift + N: 7O+ 2 ID ([P/D])
Shift + T: CPU B&fE ([7/ME+])

AT LDEFI—=VTHAR

B ([%CPU] DFI, ¥3—kHy NTIE Shift + P) (T~
SNTVWET . FNEFNTREDYI— MY CHVIEBELEETHIEN TEXT:



ZTNLUADHBZEAREAICERTZICE. F2RLT—E2»S HEZERLE
T UANBEZIRF (FIR, FIR) ZtDWEZSICIE, Shift + R ZFLET,

e, VUID AT23v%a BETHEBFEDI—HDOTOLRLEIFEERT DL
NCRYET, IIT VD ISIEA—FD1—H ID AIEELTEIW, =&,
top U $(id -u) DEIIICABNTRE BoBEEIEHLATOERIIDOVWT—
ERTETRVET,

2.3.5 top ATV RICLL= 1/0 E=4: iotop

iotop 1—F )T qld. TAERPALYRZTEIC /O FHAERERFATRRTS
ZENTEBIL—FT14)FT14TY,

(7] 5

iotop IFBEETIEFI VY AM—JILEINFEH A, root T zypper in iotop ==
T AV A= ETROTLEEN,

iotop IFIEEIN/AEINERDOBEICKELK /O ICDWVWT, TDFHAIAAEEE
AFEFHETOCRAZEIITRRLET . &0 NRTYTADEEA
ARIBICEPL LRBDEEY, I/O DR TE#FHLT WEEBOEEAKRT
THIEETEFZT . TNUNCE. ThZND I/0 BEIELL (D5 LRIV) £KR
RINFET, IS HEFEROBICRE L SRAAHFEEZIAHD |/O O
BEHEE AVY—TTAADEBEEIC KR RLET,

WONEEZEZ BT TNENEADH—VILF—%FRHLET, £/ R TIZAY
g% MBI, O I& ——only A/ avDYPYEZ %, P IE —-processes S 3v
DYYEZEFNTNTRWVWET, I5IC A IE ——accumulated #7>a>d v
Bi%x QIE7TOVILDRT EZTRITENTEEY, T | IEALYRPTOE
ADEBHIRMZER TS CENTEET , ThUADF— XL TEFEITRD=D
DF—TY,

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

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

YATLERI—T1)T1

27



28

iotop X/ Ny FE—NK (-b) % FHTDZIENTEZIEH, 771ILICHALTEDLS
PIETROITEE TEFT A T2avD—8BICDOWT FHLEvZa7IbR—Y
(man 1 iotop) ZHFHHLIEI,

2.3.6 7OEAD nice {EMDZEE: nice &
renice

A—FRIEETOERADEBEL NI (nice EEEMFVEY) 26H&ICLT, 07O
TR LTLYEL<D CPU BBEE 230 ERELET, H27OERIIHLT
LYKEW Thice] EAREINTWS HE. 7OERICEZ5N15 CPU BRI
DIRKARYET, nice {EIF -20 (RBEL) 15 19 FTOBTHRELEFT . V1R
DfEIL root FIFABRETIFET,

nice [ED LRIV AAETDE LIBREE N RIDOIB LT TR CPU BFEE KX
CHEL. BREEOFIKA D R2WTOTS A EZIEH—FRILD VA ILIEE
EFENMEIEZLORGERICHELIHYET . TNH5DTOLRAD Mice EEKEL
93] ZTET, Web = REDMDINIE% BEIICEIEIEEIEHNTEET,

T AT avEAEIEERTIC nice #EITTRE, IRIED nice EERRTS
ZENTEZT:

tux@mercury:™> nice
0

nice Iv> N DL RITITZEIBELALITVRD nice % 10 21372
LET.F/ nice -n LA Tv2 N DEIIETTDE, IRED nice EIC
W BEMMETIEET HIENTEET,

RITHDOTOERIT TS nice ([EAZET DI, renice BEE -p 70t
R id DEDITEITLET &AL

renice +5 3266

BELZI—TDL7OtERICTTS nice BEERTSICIE, u Z2—7F TS

avE CHEKEIW F A ORIV —THI8ETEHEIE. -9 Ot X
IN—7"ID DEIITIELET,

2.4 XE')

AT LDEFI—=VTHAR



2.4.1 XEYDFEHAR: free

free I—F4)TAIE AEYDFEAFEERTYTS JENTEITT, ZEREDFHM
PEAZABTEOFM. ATy TRED FHlINEhEThRRIINES:

tux@mercury: > free

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

FNTN -b,~k,-m, -9 AT >IAVEIRETHE/NANBEAL FO/NAREBEGL A
HINANERL FHNARNBALIMEERTTDEICRYET, £, -d B A7
avEIRETDE, M THRELEWBRIEICRTIOVEHRINDG IOICRYE
T &L free -d 1.5 EAATBE, 1.5 WERTEHRIITRDLNET,

2.4.2 Fill72 A€ EAR: /proc/meminfo

/proc/meminfo ZFIFETEIET, free BRI T BT —HLYEISITEEMAIBR
EBBIENTEFT . EEDETA, free IXZIHASLOHAEFALTVWET, T
SBIC64 EVN Y RTLTORTHERLET, 32 EVMN S RTLDIFE A EYD
BN BL2EE8 L. HNBEENETERZIEISEFELTLEILL

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
MLlocked: 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

YATLERI—T1)T1
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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
ROEBERBEHIETREOESYTY:
[(MemTotal]l

FIF AT 8872 RAM D& EHE
[(MemFree]
RMEAD RAM O&EHE
[Buffers]
RAM AD 774V I7Fvya
[Cached]
RAM ADAR—=TFvyia (NyIT7Fvyia%Rl)
[SwapCached]
ATV THDOR—=TF vy
[Active]
BEEBIAOTERWVW BETERAINAAT), ZOEREZR—Y
([Active(anon)] ELT—EBRIRIINZED) ICL>T ERINIAE &
T4 DR— ([Active(file)]) DEEHEAZTRLTWET,
[nactive]
BAHRAOEER BERETIRERAINTOWAWLWXEY, ZOEIFEZR—Y

(Unactive(anon)] ELT—ERRIINZED) ICL>T BERINAAE &
7AW NG R— ([Inactive(file)]) DEEHEERLTWET,

AT LDEFI—=VTHAR



[SwapTotal]

A7y TEBDEE A X
[SwapFree]

RKEADRTYTHEBDEFHAX
[Dirty]

TARVICEZRAFNEFEDAE)E
[Writeback]

BETARVICEZAATVWSRHDAEYE
(Mapped]

nmap XV RTEIYHETONAEY
[S/ab]

A—RIDT—YHEEFvryia
[SReclaimable]

B AT REA SLAB F+v>a (inode, dentry 72&)
[Committed AS]

BEDEAREAWLIETZICHI->THELAEE (RAM &Ry O &5
EDRBELY

2.4.3 7OEADAE) EHAR: smaps

BEOTORANENLIFAEY ZFIBLTWSDI EIERICASICIE, top ¥ ps
DEDIRIZEY— )L TIE FIBICTEF B A COSDBREHITIE. A—FIV 2.6.14 D
SIRMINDZ LI o7z smaps BTV RTFLEHFENZIW, smaps YT
2T L /proc/ 7O E X ID/smaps DHT I EATEFS b 70X ID I
EEDOTOER ID ICBEEWATKEIVWZOY TV AT ALIHEEAEYE 751
R—MEYEXFLTRTRTZOMMOTOREEBINTEST BEHMIC
FERAINTWAXE)ELXHIIZIENTEET,

VATLERI—T 1) T4
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2.5 Ry NI—4
2.5.1 KRYMI—IREBDFRR: netstat

netstat &Ry NT—VERAERTTHIENTEDRIEN, L—TFT1TF—T I (-
1), A9 —TTAR (-i), TAAL—REH (M), TILFFYRRNDAVIN—2y T iE
] (-9), MEHIBR (-s) EETNETNRRTBIENTEET,

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 eth@
Link-local * 255.255,0.0 ] 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-0K 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

RYRT— VB CHREMERERTTDR RRTDYIYNIATEIEETD &
MTEEF, TNETN TCP (-t), UDP (-u), raw (-r) ZI/ELTLIEIV F e, -p
HIRETDE.EVTYMDELTWS PID &/OY 5 L8R RNLET,

TEEDOHITIX,. 2THD TCP FEfETNODEHKRAEFALTWS OS5 L% K-
LTWET:

mercury:” #f 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 -

TEEDFITIX, TCP 7O L D#KEHERARRLTWET:

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
54 segments retransmited
0 bad segments received.
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6 resets sent

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

2.5.2 WEENRRYNI—IE=4: iptraf

iptraf (FAZa2—R—20O—HIIT)T7RY~NT—2 (LAN) E=4 T, TCP,
UDP DAY MA—H Ry NDERIER. IP Fv I LIS—REDRYINT—
JIRETEHRAEERLET,

(7] 5

iptraf (ZEEETIFA VAN =ILEINFHA AV AN—IL BT,
root C zypper in iptraf Z3{T LTLEIL,

AEA T avaiEERSTICEITLEGEIE. WEEE—NTEMELEY, /5744
IR AZa—5FATEHIENTISDIEH, iptraf TIRELZWEEHEREREIR
TBIENTEET  RYNT—IA =T ( R E IBETDIEHTEET,

B 2.1 iptraf DIFE—NET

IrAl WE RFE ARIO0-MSys Fusv—s BE O ~ALT
IPTraf

>

Total:
IP:

Othe F:
Non-1P:

Total rates:

Incoming rates:

Outgeing rates:

~
w

F7-. iptraf ATV RICIIEROA T arvhby, NyFE—RTEHEMEIE ST
EDNTEEY, FREDHITIE, RYNT—T A9 —TTA R ethO (-i) DFFEEHER
=1 DEIETS BEALET, ISILATOAYSALIZ/NNYI TSI UK (-B) TH
EIEBIEETELT . ZOBEREMBERIEIBEVDR—LTALIN) RICH
% iptraf. log 771 IICHAINET (-L),

YATLERI—T1)T1
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tux@mercury:™> iptraf -i eth®@ -t 1 -B -L “/iptraf. log

ERINE=O07T774)0IE, more AV RCREIETEZT:

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

Mon Mar 23 10:08:02 2010; sxxkkkxx IP traffic monitor started skkkxxkk

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; ethQ; 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%)

2.6 /proc 771V AT A

/proc 774V AT LEH—RIVHRE T DU 77/ AT LT, 7714
WO RATEBOEEBRERBELET, EAULTEROIATVREANTEE,
CPU DiE$E%ARRTHIEHNTEET:

tux@mercury:~> cat /proc/cpuinfo

processor 10

vendor id : Genuinelntel

cpu family : 15

mode L : 4

model name : Intel(R) Pentium(R) 4 CPU 3.40GHz
stepping ;3

cpu MHz 1 2800.000

cache size : 2048 KB

physical id 10

[...]

7 EYAAHDENY Y TRFAICDODWTHARSICIE, FiREnLHARaAT U REA
ALFET:

tux@mercury:~> cat /proc/interrupts

CPUO
0: 3577519 XT-PIC timer
1: 130 XT-PIC 18042
2: 0 XT-PIC cascade
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5: 564535 XT-PIC Intel 82801DB-ICH4
7: 1 XT-PIC parport@
8: 2 XT-PIC rtc
9: 1 XT-PIC acpi, uhci hcd:usb1, ehci hcd:ush4
10: 0 XT-PIC uhci hcd:ush3
11: 71772 XT-PIC uhci_hcd:usb2, eth0
12: 101150 XT-PIC 8042
14: 33146 XT-PIC ide@
15: 149202 XT-PIC idel

NMI: 0

LOC: 0

ERR: 0

MIS: 0

TERIC /proc LTRICHBEELRI7MILE. ZOARARHPATLZLET:
/proc/devices
FIRAARELRT M AD—%&
/proc/modules
FARFENA—RIEY 21—
/proc/cmdline
A—RIDIARYRZAVINFGA—H
/proc/meminfo
XE)OFEARICET 2FMIER
/proc/config. gz

BEETHDA—RIIIDWT. FOHA—RIVEEET7(I % gzip EHEL
310)

X575 1EERIE. /usr/src/linux/Documentation/filesystems/proc. txt DF
FANTZAIVRICEDINTUVET (B, 2D T771)LId kernel-source /34—
TEAVAMN=I LI BERILOAFIBATEEY) F BERTHOTOERICE
TBIEHIE. /proc/MIN T4LIN) LD OERABDIENTEXY, T MW
IZIZ7AER ID (PID) 2EELEXd. BEABHDTOERIIDOVTHANRS 56
I&. /proc/self/ ZFIALTCHRANRBIENTEET:

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

Lrwxrwxrwx 1 root root 64 2007-07-16 13:03 /proc/self -> 5356
tux@mercury:™> Ls -l /proc/self/

total 0

YATLERI—T1)T1
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2007-07-16 17:04 attr

2007-07-16 17:04 auxv

2007-07-16 17:04 cmdline
2007-07-16 17:04 cwd -> /home/tux
2007-07-16 17:04 environ
2007-07-16 17:04 exe -> /bin/ls

dr-xr-xr-x 2 tux users 0

—pm——————— 1 tux users 0

-r—=—r--r-- 1 tux users 0

Lrwxrwxrwx 1 tux users 0

—pm——————- 1 tux users 0

Lrwxrwxrwx 1 tux users 0

dr-x-———-——- 2 tux users 0 2007-07-16 17:04 fd
-rw-r-—r-— 1 tux users 0 2007-07-16 17:04 loginuid
-r——r——r—— 1 tux users 0 2007-07-16 17:04 maps
—rw-——-——- 1 tux users 0 2007-07-16 17:04 mem
—r=—r--r-- 0 2007-07-16 17:04 mounts
-rw-r-—r—— 0 2007-07-16 17:04 oom adj
-r——r--r-— 1 tux users 0 2007-07-16 17:04 oom score
Lrwxrwxrwx 1 tux users 0 2007-07-16 17:04 root -> /
—fW——————m 1 tux users 0 2007-07-16 17:04 seccomp
-r——r--r-— 1 tux users 0 2007-07-16 17:04 smaps
-r——r—-r-— 1 tux users 0 2007-07-16 17:04 stat
[...]

dr=xr-xr-x 3 tux users 0 2007-07-16 17:04 task
-r——r—-r-— 1 tux users 0 2007-07-16 17:04 wchan

RITT7AIVETAT VDT RLREIY HTIE, maps 77/ ILRICEINTVET:

tux@mercury:~> cat /proc/self/maps

tux users
tux users

08048000-0804c000 r-xp 00000000 03:03 17753 /bin/cat

0804c000-0804d000 rw-p 00004000 03:03 17753 /bin/cat

0804d000-0806e000 rw-p 0804d000 00:00 0 [heap]

b7d27000-b7d5a000 r--p 00000000 03:03 11867 /usr/lib/locale/en GB.utf8/
b7d5a000-b7e32000 r--p 00000000 03:03 11868 /usr/lib/locale/en GB.utf8/
b7¢32000-b7e33000 rw-p b7e32000 00:00 0

b7¢33000-b7f45000 r-xp 00000000 03:03 8837 /Llib/libc-2.3.6.s0
b7f45000-b7146000 r--p 00112000 03:03 8837 /Llib/libc-2.3.6.so
b7f46000-b7f48000 rw-p 00113000 03:03 8837 /Llib/libc-2.3.6.s0
b7f48000-b7f4c000 rw-p b7f48000 00:00 0

b7t52000-b7f53000 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/
b7f62000-b7f76000 r-xp 00000000 03:03 8828 /Llib/1d-2.3.6.so0
b7f76000-b7f78000 rw-p 00013000 03:03 8828 /Llib/ld-2,3.6.s0
bfd61000-bfd76000 rw-p bfd61000 00:00 0 [stack]

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

2.6.1 procinfo

/proc 774V AT LICHZERRIERIL. procinfo XV REFIATSHIET
BERIE TRIIENTEET:

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
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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 irq: 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:usb1, ehci
irq 4 2 irq 58: 0 uhci hcd:usb2

irg 6: 5 floppy [2] irg 66: 872711 uhci_hcd:usb3, HDA I
irqg 7: 2 irq 74: 15 uhci _hcd:usb4

irg 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

D2TDBERARTTDICIE, -aFTavaiBELTLEIW, -nN A7V aviig
ETDENBEEIBREBFIELIICAYET  ZDFEIE. q&28TET0O
TS LERTTBIENTIET,

BETCIIRBEARTTALIICAES>STVWETH, -d 2IEFE TREEARRTD
IOTRYFES =& ZIE procinfo -dnb EANTBE. . BE 5 WEICEREDH->
TEARIINET,

2.7 N\—ROIT7ER
2.7.1 PCI #&iR: Ispci

XEC: PCI BREADTVERICDOWT

OAVE21—4%® PCI REICTIVERTBICE. ZLLDARL—FT AV TV AT
LT root DA—HIERIPVETY,

lspci AV¥VRIE PCIERD—EAFRRLET:

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 ¥

YATLERI—T1)T1
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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 AVEMBRTEE ISR —BEERTTD JENTIET:
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]

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: e1000

FINA RZDERRIL /usr/share/pci. ids 77/ ILAFIALT TAbhnEd,
ZDI77AIVRICKT TS PCIID EZDEZFINFIELAEWES. TUnknown
device] (RHIDT/NAR) ELTRRINET,

-w A FVavEFERTSE. TOTSLTEVWEDE AR £ TORREH L

FT.F e BRICIRAKBIETRRIELWGEIE, nFToavaEFERLTE
I,

2.7.2 USB 57/3(4 R: Isusb

lsush AV RIZFLTD USB T NNA RE—EBRRLET, vATVavaigEds
EELICELW—ENRRINET, ELW—E(X /proc/bus/usb/ F1L 2K
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HOFAH Y AT TWEY, LIk USB /AT, USB XEY N—RKFT12Z

V. RVANENETN USB BATEHERINTVWSIHZEDHITT,

mercury:/ # 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 77AINETPAIVI AT A
2.8.1 771 \VIBEDHIFI: file

file A9V RNIE EBELIEBE—FLIFEHRD771ILIC DWT, /usr/share/
misc/magic DOFRMIAATE T—H&TTICFEFRAHIFILET,
tux@mercury:~> file /usr/bin/file
/usr/bin/file: ELF 64-bit LSB executable, x86-64, version 1 (SYSV), ¥
for GNU/Linux 2.6.4, dynamically linked (uses shared libs), stripped

-f —E #IBETRE, BEZHBLZWIZPIILED—ENEINLT7(I%E
BETDHIEN TEEI Fh, -z 2BET DL, file PEMI7ILADHIFZ
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/manl1/file. 1.9z
/usr/share/man/man1/file.1.9z: troff or preprocessor input text ¥

(gzip compressed data, from Unix, max compression)

Fle, -i ZIBETDEMRDORKRELETIZR MIME 917 OXFIE2RRLE
ER

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

2.8.2 774NV AT LEFDMAE: mount,
df, du

mount AV YV RIZ. B IVNRAVMIEDT7AI SATLNTIVRINTWS
MaRRLET:

YATLERI—T1)T1
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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 LARTORERARICETZBMREFLWVGEIE, df ZBHENKES
W, -h (£7E —-human-readable) A 7> avaigE T &, —HARI—HIC
EO U FYTmIART VWA TRRTEIENTEET,

tux@mercury:™> df -h

Filesystem Size Used Avail Use% Mounted on
/dev/sda2 20G 5,96 113G 32% /

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

tmpfs 1,6G 668K 1,6G 1% /dev/shm
/dev/sda3 208G 40G 159G 20% /home

FLBELETALINADI7AINE FTDYHTFT4ALINILLTFIC $H27714)
IKDWTHAXEHERT DI, du ZEALEY, s AT 2avaigEdde 5
HAER BHEEVWTNASA—ITEELLEETALINIDOEE 1 XL T %
RNRLEY, 658 -h AT 2avERET2IED TE AUK—HIAI—HIC
EOTHANRT WA TRRTDIENTEET:

tux@mercury:™> du -sh /opt

192 /opt

2.8.3 ELF 731/ FVICEAJ 3B INERRT

TN IT7AIIDABETFEHAT-WIFEIE, readelf ZHFENEIVW, Z0avy
RTIE MBOT7—FF 0 FvRIFICERINT ELF IR D771V %#5HEN5 &
TXE9:

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)
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Machine:
Version:
Entry point address:

Start of program headers:
Start of section headers:

Advanced Micro Devices X86-64

0x1

0x402540

64 (bytes into file)
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 IV RIE: stat

stat AV REFATLE. 77MILDBMHA RRTHIENTIET:

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
Modify: 2009-01-08 19:21:14, 000000000 +0100
Change: 2009-03-18 12:55:31. 000000000 +0100

—filesystem A > avEIEETREIBELLIZMILD BEEINTWS 774
IWORATLICETERMEEREARRLET:

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 FHIERER: fuser

EDTOEARI—YIEEDI7AIVICTIEALTWADHI AR TINIEE
T 72EZE /mnt IOV RNEINTZ T7AMII S RTF LD IV MNERIR LW G
&, umount OY R "device is busy." ELTIY IV MNEBBRTI LW EDHY

9., CDEHIRIGEIL, fuser AXVREFALT, EDTOEADN T /NS A% F

ALTWADO %R HIENTEET:

YATLERI—T1)T1
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tux@mercury:™> fuser -v /mnt/*

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

FEEOHITIHMEDIHERMIS less TOCRER T IEDE, T7MIVVATLDT
DV NRBREITRDZEDNTEDLIICRYET, i -k AT avEIRETDE,
fuser IEZX Y TBI7MILICTIVEALTWATOERICH L. 7OEADR T % 17
BHYEIITRYET,

2.9.2 A—HDRRIBR: W

W ATV RERIATHE, VAT AICHENOTAV LT WHDHE, ZDI—FH1
ELTWADOMNAERRTDIENTEET, 7EAUETTEREOLIITRYET:
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

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 AT LDI—FHER (JE—H) HoOTI1VLTWSHRE, -f 773y
EI/ETDE. EQAVELI—IDNS OT1VLTVWBDNDRIINDLDITARY
ECN

2.10 B+ &Rz
2.10.1 BRI DEH: time

time —F4)T4&FATEEIBELZOATVRE RITTERITEEIN /B
BERRTDIEDNTEET , CDI—Ta4) T4 PTILORBHEETIRHIEINT
WBIEN, TOY 54 (Jusr/bin/time) ELTERBFEINTVET,

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

real Om4. 051s@
user 0m0. 0425
sys 0m0. 205s©

0 IVURZEBLTHLMETITEETIIOD 2 EBEDOREZRLTVWET,

® times YATFTLI—ILTHREIN/ET., 21— RIOLIEBICH A>T CPU
A RLTWET,

AT LDEFI—=VTHAR



© times YATFTAOD—ITHREINLET, YRATLRIDOUNIRICH N>/ CPU
REZRLTVWEY,

2.11 =49 dD4574k: RRDtool

ZDHFRITIFEHR TR T — DS FELTWET L EAUTBREDEL
BFEVOAVELI—IDRYNT—IA V=TI ADNEZRELLT—YERE D
HYFET, RRDtool TIEEDLHIRT—H%REL. HRAIRAIXARERT ST &L
THRERTZIENTEET,

RRDtool &% <MD UNIX 7’SY R 74—L*% Linux T4ANJEa2—>avil €%h
TWEY,HHEBA openSUSE®R THEREFRTT, YaST Hd 1V AM—IL%&IT4D
D root [TADTIRRET, FERDLHARIATVYN SAVEANLTIVAM=ILLT
IV,

zypper install rrdtool

(g

ZhZh RRDtool (ZI& Perl, Python, Ruby, PHP D& /N\A VT 10T h' iz
ELTVWET, CNICKYBIFEAERBTERBORY) SMNAERTRIE
N TEFEY,

2.11.1 RRDtool DEI{E

RRDtool & Round Robin Database tool (7> RAEY (1B1R) BlF—4H~R—
AY—)V) DEBE T, —EEDT—YERYRIHDLERATYT, T—F1TIC
RFEVERDYEEELBRVWIORBRED N\ I77E2FERLTT —¥9% sl
FI.INESUVROEY T—IR—REMATWNET,

LakdEHBY, RRDtool EFFEIAIRETHIEICETELOIBRT—H%H/KIELD

BREFSINTVWET BENICIET—EERTT —49 (REYERERY) 25HHId5&

IR Y —ERBEL TV DT 9% —EDEXATH AT BEREHITAR>TWL
9, 2OLHRT—9THNIE RRDtool MNMEFICFIETE HHEFBYOH A
ERRTBZENTEET,

BRI TLBENA O—EBRTHERTEIAVSIRT—IEHYET, &
DEH1IFE L RRDtool ICEZBRICERIDOUEBANET, ZHICL>TE
RRDtool ZFFHTHEIERITNIERSHWNEEEHYET,

YATLERI—T1)T1

43



44

TE2TIE RRDtool DEKXRBIRFEWNAEZRLTWEY, —ikEY% RRDtool MYEZE
THBT—INR—AD ek LeHAEICE D FE . BLUVHND FE * FhEh
ThoTWET,

2.11.2 V7125261

ZZ T, Linux YRATAICBIFBAEFEREICDOWTEHEICEZELZNEL
THETAEHEAEEELWVGEERELF T LUFEL(ELE. ZZDHITIE
FORETODEIATEYES 4 HEIC 40 WEERLTWET, ZOHEA, X
EDVATLAEYAFRTEZIOVSLD 3 DIFERBBSLTR T LTWET,
B{ABICIZ Firefox Web 75H& Evolution EFX—ILISAT VM LT
Eclipse R IL—LT7—9UTY,

2.11.2.1 =5 DL

RRDtool &Ry T—I RS T4 DFHAIP AR Z TG EICELFIA Ih
TWET, ZDEHRHEIL Simple Network Management Protocol (SNMP)
ERRALTITARVET, 2O7ORILTIEENTNORYRNT—IF /A R 5t
LTHEAD VI DIEEBWEDHLEDZZENTES/H. RRDtool ZFIFELT Z
NODEERETZIENTEET, SNMP ITDWTEELLIE http://www. net-
snmp. org/ EHFHLIEI W,

SEOFIELEEIGERY, T—YEFHTHENIZDLELSHYET, FiLlcHD
free_mem. sh XIFERV)TIHXE) DEZIBEICDOVWT REDRELFTAHEY.
BERDICESADEEETRVET,
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

ZEm

o BFEEED 4 IREINTVWETA,. CNid sleep AV RTERIELTWE
ER

* RRDtool I3 FkAER THRHABRERIIANE T BEBIICIE Unix 72 &
MEENZEDT, 1970 £ 1 B 1 B ORK 00:00 HSDRBHEERDLT

AT LDEFI—=VTHAR
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WBEDTY, 7c&ZE 1272907114 13 2010-05-03 17:18:34 ZEBKL T
WEY,

s XEVDEEZAZER/HIE free -b AFHTEHIETNNI MR THREINZT,
CITRFONMNDEDIR BBEN LB TIE R NI NERITIEERREE TR
BRLTWETY,

« echo ... DOARVRITIE. T—FR—=ZT71)L (free_mem. rrd) BIEEINT
WT, 22 RRDtool DF —HR—ZEFEHT27-HDATY RSA U HEH
nTWEd,

free mem, sh #3179 2&. FEDLIBHANEHLNFET:

tux@mercury:~> sh free mem. sh

rrdtool update free mem, rrd 1272974835:1182994432
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, FEEDLIICLTITARWET,

sh free mem.sh > free mem updates. log

2.11.2.2 F—9_R—XDIERL

SEDFZRETHEHDOSVYROEY T—IR— M T BICIE, FEEOaAYUR
EANLEY:

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

ZER
o« ZMARVRNIE free mem. rrd EWDEZFID 77MIV AR LES . ZDT771)L

@I ROEY (BR) DT —9X— T 5HAlEZRETHLOICERT
25D TY,

YATLERI—T1)T1
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o —-start 773V T T—IR—RITBIMINET—YD 55, RHDR
% Unix BEIFR TIERELTWET, CDOBITIE, free mem. sh DRFDE
(1272974835) LUEHL/NIWMEE BRELTVWET,

« —-step TR T—IN—RIIWLTT —9%RM I B/EMR ZMWEATHEELT
WET,

+ DS:memory:GAUGE:600:U:U DERDIET —FR—AD T—FHY—R&EFFELTW
X9, memory EWVIEZFRT gauge EVWIILTDEDT, 2 DDEHDHER
fEfRlL 600 MICERELTWETEHRED R & A TN TRRINDIE
(U) ICBEELTWET,

* RRA:AVERAGE:0.5:1:24 (35> ROEY7—hH17 (RRA) ZERTHED T,
HEMEE (CF) ZFALT T—9RAV D FLE =5 EL REEZTRVE
. MEHEED 3 DD/ASA—F I ATORDYISEMLET.

A IS —XAvtE—IDNRRINLITINIEL ALV TFALIR)IC free mem. rrd
F—IR—ZADMERINTWET:

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—ADEDEH

T—IR=2AHERLI=E. HEIFEHAT —9E2EZADEETY, 2.11.2.117
[F—4DINE ] (44 R—) TIXBEEIC rrdtool update AV RAERTT B/
HDT7A)L free _mem updates. log ZFELTHBDDT, INHDIAT Y R%EF]
ALTT—9R—RADEEBEFHITDIENTEEY,

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

EEDESY, free mem. rrd DY A XIIEHEIR T ZTITBIEITHYEEA,

2.11.2.4 FHAEDEK

BZAELTT —IRN—R %ML GHIMEZRE LS. EDT—IN—R% F
BALTTF—9ZMYH LAY RRLEYTBIEDNTEDLIITAYET,

TINR—ZANOLTOEZRYHE T I, FEENIAYYREANLEY:

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

+ AVERAGE (37— R—ZAMNSLEHEERYB T /HD ¥—T—RTY, Ihld
F—4&Y—2R% AVERAGE 1 DULMEZRLTWLWAW (2.11.2.218 [F—HR—2D
BB (45 R—Y)) =T, ZDMDIEEIIFIBETEE A,

o HAD 1 FEICET—9YV—ADEZRINHAINTWET . CNiF 2.11.2.218
[F—HR—ZDIER] (45 R—) THRELLZHEDTTY,

« SIOERMICIEENETNER DRV MIBIFBEZINRTINTVET, A
IR ZERE TOEHAMEDFEARRIINTUVET,

o REDITICZHS nan (£ Tnot a number] (BUETIEZRWVWED) DEKRTY T —
IDFHELBWVGEREICHAINET,

HERT—INR—ARICHBEEFALTI 7RI HIENTEEY:

tux@mercury:~> rrdtool graph free mem,png ¥
--start 1272974830 ¥

—--end 1272974871 ¥

--step=4 ¥

DEF:free memory=free mem. rrd:memory:AVERAGE ¥
LINE2:free memory}#{FFO000 ¥

--vertical-label "GB” ¥

—-title "Free System Memory in Time” ¥

--zoom 1.5 ¥

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

XA

« free_mem.png FVEMT BT S TDT7AIVE ZHELTWET,

« --start & ——end (FTSTRIC EETANEIKEBEZEELTVET,
« —-step R STDREEREMEMTEELTVET,

YATLERI—T1)T1
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« DEF:... DEBD L free_memory DT —HEHE TS . T—4Id free_mem. rrd
T74I DSERMABREITIRN, memory EWDEBIARE LET . T/,
average (E¥E) #ETELTCHALEFT, Thid, 2.11.2.218 [F—HR—2
DYERK] (45 R—) TERELEZ &BY. TNLUADEEAEZL TWRW
HTY,

« LINE... DEDETST7RICHBTHEOBMEARELT WEY, 2E L
V& T free_memory TEELE T—49%FEAL. FETHEBELET,

« ——vertical-label TIE y #HIC RRNTHININEBELTWET &, —-
title T JZ72FICHTEINIL (DFEYFMML) ZIBELTVET,

o ——zoom T ST DILAEAEEBELTCVET, ZDMEIF EOLYKRZWMETARITH
ERYFEA.

o ——x-grid TIETSTRICBITB T RIRESNIILDORE AEEIEELTWE
T, ZDFITIE 4 RTEIT)YRIEEEDLTVWET, SRILITET )Y RERIC
WLTI0MTEICERBLTWET,

B 22 RRDtool TERLEDSZH)

Free System Memory in Time
1.2 6

1.16

1.06

GB

0.96

0.8 >
14:07:10 14:07:20 14:07:30 14:07:40 14:07:50

2.11.3 XIS 31EH

RRDtool IZIZ#Z< DY T ATV REATVYRSA VAT avhAEEL . IERBICE
MY — VIS TVWET, INODIEDWNK DMLY TVWEDTTH, B
HITIS LI IR FAMTA 278 EAITAOICIE, Z& #LAITNEEETEZE

A,

EARMRBERZITERELTLS RRDtool DY =27 )L R— (man 1 rrdtool)
BL#Z, RRDtool homepage [http://oss. oetiker.ch/rrdtool/] (358) ICD
WTEBHAIRBIEASENOLET, ZTICIE rrdtool DA XZE [http://
oss.oetiker.ch/rrdtool/doc/index.en. html] AMEANTWT, ATV REHT
ATV RDETHPERINTVWET, £/, — kA7 RRDtool DEEFIEZRL
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TW3 Fa—K~)7JU [http://oss.oetiker.ch/rrdtool/tut/index. en. html]
LEEOHTY,

Fe. XY NT—=I NS T74v I DERETRWEWEEIE, MRTG [http://
oss.oetiker.ch/mrtg/] (RE) HEHBFHMALEI WV, ZDY—ILIE Multi Router
Traffic Grapher DEBKT, RYNT—I T NRARUIHTZ 2 TOEERRET S
7169352 ENTES RRDtool LYEFEVNPTWNY—ILTT,

DATLERI—T14)T74 49
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Nagios ZF A LB

Nagios IEFRELTWTRT—SEYTAICBAL ILEEDBEVWIVY—TFF54X
BRDORYNT—9 /AT LERY—ILTT BEBEICHLTRYNT—VEVR
TFLD BEARMSAEAIRME L. HTTP, SMTP, POP3 DIEH\. T4 RVEARP O
YV DOBRERE ZEBERTEIENTEEXT . HEHE Nagios (& Linux ETEIME
FHEIITERETINT FFHELAA — IR UNIX ARL—F AV TV RTLTE
FELE T, ZDETIE, Nagios DAV AMN—=JLEREFERICDOWTEREALTWE
¥, Nagios DFOT VM DWT, F LI http://www. nagios. org/ & HFwH
TEIWN,

3.1 Nagios DHEE

Nagios DEELEBEIX TEDEHBYTY:

s RYNT—IH—ERDELE (SMTP, POP3, SMTP, NNTP 72&)

« RANEROER (FOvHDA&R, T1AVFERARRY)

o YVTNIRTSZTAVEREICE D, I5RZ Y —ERF oy IRBEDEM

« TTRIEM® Nagios H—/\~DXF it
3.2 Nagios D1V AM—=JU
Nagios (& zypper A¥ > RZE7lE YaST TAVAM—ILLZET,

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

9T = DAV ARV AERTROVWThh EEHmA<EEIN:

« 18 lzypper DFER] (BIE IVvR 72— NEFIFLIEY ZFO T TEE,
T R9— 7w

o B[N\ —=I0 =2 DAV AN=IVEHIR] (B5E YD T D1
A—ILEBIR, T RE—KTvT)

WIFNDOFIETE. nagios & nagios—www D/ —I%FNEFN AV AR—=ILL
TLEZIW,BED RPM /3y —|C21E Nagios 1392 Web 19 —T7x4R
NEFNTVWTC FEATY—ERDORECEBOEREMRE R Web IRHETHEYT
BIEHDNTEFT RBB.BED/NNYT—JIMBEVNIDITITIE HYFEHA.
Nagios IFEY2— /)L M AT EEREHIR>TWBED, FvI TS5 710 % B
TEIETHBEDOY—ERDFBAENEIDNEFARBIENTEIET, nagios-
plugin Nur—ITlE, ZDEIBHEEEVD TSTA1VBPREFINTOET D
T AVAM=ILLTHELIEEBEDLET, EBRAMBDF VI TST1V%E
e BIEETEET,

3.3 Nagios DEEI 71V

Nagios ICI&, FEEDLIBREBET7MILDHYET:

/etc/nagios/nagios. cfg
Nagios DIREER D DR E T 7L T, Nagios DENMFERET B KFE
D TALITATHEINTVET FELWLWXEICDOWTIE, http://
nagios. sourceforge. net/docs/3 0/configmain. html ZHFTM<TEILY,

/etc/nagios/resource. cfg

IARTOD Nagios 77T AT B/ R%&EBBLET (BEETIE /usr/Lib/
nagios/plugins A" ZHhNTWET),

/etc/nagios/command. cfg

H—EZRDFBRENEID BT E/-ODTOT S LERY. EFX—IL
ICLDBHAEEETDODIAT Y RESFEDHRLET,

/etc/nagios/cgi.cfg

Nagios Web 1249 —J7 A ABEDA T avaGLd LET,
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/etc/nagios/objects/

ATIVIINEEI7ANEEVTALINITT F#LE 331 7YY
REZT7MIV] (53 R—) ZHFmALIEI,

3.3.1 ATV MNEBIFPAN

ERDEIREEET7AIVICINZ, Nagios TIIIEFBICEHTEERNRITAX
D TEDB, STV TONEZ 7717/ ERIENBERET7AILD FIELET . IND
DBEIT7ANTIEITRDIIBAT VT INEERTDIIEN TEXBH FEHIC
BELEEEL>TVWET:

. RRK
- P—ER
- EHESE

FTVTIOMIBRITHERTES LT > TWBIED L, LYFEERIC W TES
EATHLOTVWET  EZE 1 DOY—EREIFHEMEL TS RANEEELT
WBIGEEEELTAHATKEIVW, ALRAMIFLTHIDO —EREBS VA N—=IL
L. ZFDOH—ERICDWTEEREITRVEWES, HILWIIDOY—EREAT
xR ELTEMNML. FhARANE TSI M YL ThIE, mEIRFEAE T
BERLH LW —EREZBEERTED LI RYET,

AV A= &> TUWNIK, Nagios TIEAT VTV NEBDERET 7 ILIC D
W BEDT YT L—MREEINE T, T FL—ME /etc/nagios/objects
RICEELTWETDT, FROLIITHEANP Y —E R, EI&LEEEBMTEIEN
ISSEERE

A 3.1 FINFTSTO,DES

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

53



54

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 ZFIFH L/ BEZEGERE REE. ThE2EETS
contactgroup IZ&D EI&RETIL—TERLTWET, contact TlE, H—E D
FMATEAWEAICHIBATZEFXA—ILTRLRE. ZD1—HD EaERELE
T.BE. BT EFOBEELRELET, use TlE. generic-contact &L
DB TEREIN BIEEAS| S IEAEBELTVWET,

Nagios DI RTDATITIMIDWT F LI TRREBFHALIEIW: http://
nagios. sourceforge. net/docs/3 0/objectdefinitions. html.

3.4 Nagios DE&E
DE—FDH—EZXP)E—PNRAMNDERLRE BHRARIBREZEHRTBICHIOT
® Nagios DEEEHEZRALET,

3.4.1 Nagios ZflHL)E—MF—EXDES
)

ZDETIL, Nagios #FIHLT)E—MDY—EREERTE/-HD AixERL
TWET EFRMICIETEEDEDICLTERLTIEIL:

FHMF 3.1 Nagios EFIFLIEYE—,D HTTP —EIDERE

1 mkdir A< RAEFEL. /etc/nagios/objects RICTFAL YN AERLE T,
BRI BTALIN) ZIFERDEZRITHEVE A,

2 /etc/nagios/nagios. conf 77 )LAEFE, BRYDERBETERLTEW T 1
LYM)% cfg dir GRET4LVM)) RICERELE T,

3 XDERETERLEZRETALIMNICREL. ThTRHFH LW 771 5E
B LZE9: hosts. cfg, services. cfg, contacts. cfg

Nagios Z#I A L 7=B51R
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4 hosts.cfg 77MIVRICKRAMA TV VM SR LET:

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 /M B3R LET:

define service {

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

contact groups router-admins
check command check http

}

6 contacts.cfg RNICEIZLESLOERE JIV—TAT /M eBd 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 Z#3£{TL. Nagios #BEEILF T,

8 cat /var/log/nagios/nagios. log #3£1TL, FieD LOHRHB AN 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)

BAED)E—M—EREEBRLEWVGEIZ. ATYT 5 (56 R—V) DRATY
7T check_command MIEE %A LEY ., FIRATERTRTOFvITOTS
LIZDWT, —BARTRTBICIE, s /usr/lib/nagios/plugins/check * A3
1TLTLEIW,

ASHDIS—AFELLBEIE 3.5E N TVa—FT1v
71 (59 R—) EBFHMLEIN,

3.4.2 Nagios 2LV E—FRAMDER
ESR

ZDETIL, Nagios #FIHLT)E—MNRRANDEREERTH/-ODFIE% 5t
BALTWET,

Nagios ¥ —/N\ LT TEEDFIEZEELFT:
FM 32 Nagios EFIFLIEYE—,FIPDEFER (V—/Y)

1 nagios-nsca /\ws—I% AV AM—JLLET (/=&AL zypper in nagios-
nsca 72 &) .

2 /etc/nagios/nagios.cfg 77MJVINT, FiEDBRESE 1THVET:

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/ JLAD command file A7 avild>WT, /
etc/nagios/nagios.conf EEL 771 EIELET,

4 HDORANCY—ERDA TV I BMLET:

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 & rcnsca restart AV RAEFNREFNETLET,

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

1 BB R BER%E172) DRAMIFLT, nagios-nsca-client /Xyr—
% 477\ I\_}l/ Li?_o

2 FEROLICLT.FRAMNADRIYFMEAERLET (REATARIOD M
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 H&ld crontab —e ATV REFIALT. HFLW cron IBEBA2ERLE T /=& A
IETREBDEIICRYET:

AT LDEFI—=VTHAR



/5 % % % x /directory/to/check/program/check diskusage
—_ > —gy2
3.5 STV a—F1vT

Error: ABC 'XYZ' specified in ... '...” is not defined anywherel!

TARTCDAT VM ELLERINTWBIEAERLTLIEIN, FA R
RIVIRAUTIFFERLTLEIL,

(Return code of 127 is out of bounds - plugin may be missing)

nagios-plugins /ST —I N AV AR—=ILEINTWBIHOEIDER L TLES
LY,

BEFA-IICEDBEAD BEL ARV
postfix ¥ exim RED A— LY —N\HPAVZAMN—=)LINTVWT, ELLBRES
NTWBEHNEIDE BEERL TLEIW, A= LT —DIELLEELTWSE N E
IMAEFER T BICIE, echo "Mail Server Test!” | mail foo@bar.com Mk
AN AALET, ZDAYVRIL foo@bar.com FBICA—ILEEEFELE T, D
X—ILH ELKEBEINNIE. BFEVDOA—ILY—NIZRBACEIELTWS

ZEILRYET, BBEINLWGEIX. A—IILT—0O7 771V &L T
{FEIW,

3.6 IS BER

Nagios DFELRRFaAVT—3Y
http://nagios. sourceforge. net/docs/3 0/toc. html
FTILONEREDHE
http://nagios. sourceforge. net/docs/3 0/configobject. html
FTVTIMDERICDOWVWT

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

Nagios Z#I A L 7=B51R
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http://nagios.sourceforge.net/docs/3_0/configobject.html
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Nagios DFZ7 1>

http://nagios. sourceforge.net/docs/3 @/plugins. html
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http://nagios.sourceforge.net/docs/3_0/plugins.html

SRTFLATI77MIVDDTEE
I

VAT LOAT TFAIVDRFEEIZ. S RAT LEDTBICH->TREEER F
ZDHIYBMD 1 DT ER. VY RTLOT 771D OITEEIE. AT LD AT
FUZR NS T IV EITRIE. RSP > TEN RTINS RS RWEE TY,
openSUSE TlE. Y ATALATHRELLZRBOERICOVWTIFIFTIRTOD #Filx
BEIMICEEIKTDLDICA>TWET BE. Y RATLOQT 771IVITELE TFR
MEKXDT7MIVICERERIND /2D, TT19PR—Uv il AR B LTHEEICEHE
TBIEDNTEET, NIRRT EDSENEBTEBLHAICHR>T WT,
AR TI1IITREFEEBERICITRIIENTEET,

4.1 /var/log/ RICHD AT LAOTI7
1)

AT LT 774V 6T /var/log TALIRNJLATFIC EBEINE T, FEED
KT BEEDFIETIYV A= %ETR27BEIC openSUSE N SIRHEIN S,
ITRTCDVATLOT 771IIICEATEHEEZRLTVWET, BEVDII VDA
VAM—IILEREICLDTIE, /var/log T4L VM) RIC, CZTIEERBA L TLVR LM
DY —ERPTT)r—3vhsd A FEIETZaEHYET . /2. Fid T
AL TWB 7710 T 1L MIE, BEETRT7 ) r—oav MV AR—=ILE
NTWBBEICOMEBRINDG [FL—RARIY | #RLTWEEEEHYET
72 %<0 O 774U root THWECEETEXIHA,

acpid

ACPI (Advanced Configuration and Power Interface) DA X2 ha1—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 ([CDWT, FELLIE /83—
b TAppArmor ZFIF L7HEFIFIRR] (T X2V T14HMR) ZBEHmAES
LY,

audit
EBEIL—LT—INREIZO7T771ILTT,
boot. msg

AT LDOEFNIEROOY 771ILTT, D IT7AIVICIE, h—XRILD H A
LB D XAy E—I DIED, EEINIBEFICRITINRBEFRV) TP B
BINEY—EADNSDAYE—IU N ITARTREINTVET,

BFEVDN—RIOTTHELLHEILINTVENEIDP, TRTOY—ER
N ELSGEETETCWBOE DN R TDICUE. COT7MIV EBHH LS
L

boot. omsg

AT LDy NI OV IBRED Xy E— T 7V TT 2D T 7 IVICIE,
BEDOIvy N OV BEE CHEAINA. ITRTOXAYE—IUDREHEINT
WEd,

ConsoleKit/*

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

cups/

cups (common UNIX printing system) (cups) 2528k 9377 R0O07&T
S—OUNREINET,

faillog

TRTOOATAVEKMERERFTET —IRN—RT7MILTY, TDIT7AIL
EFEE T BICIE, faillog AV R%E BEWEIVL L IE man 8 faillog
EBFTALTEIN,

AT LDEFI—=VTHAR



firewall
I27ATIF—I DAY IT7AILTT,

gdm/*
GNOME FA R LA = vDAJT 774V TT,

krbb
Kerberos xvh7—2V8REE AT LDOT 774V TT,

last log
lastlog 77 IUid. E1—HDHREOTA VAR T BT —IR—X TY,Z
D77V EFETSICIE, lastlog ATV RE BEWKLEIW, FELLIL man
8 lastlog ZHFHALIEI,

localmessages

DHCP 7547 hDOT R E REIR V) TRDSD AvE—IH BEFIND
a7 27714JLCY,

mai Ll
X—JLH—/\ (postfix, sendmail) DAY I7IL T,

messages
FTRTCDA—FI A= R T LAY E—UDEBHEINS BEED O
T7AIVTT AASH DEBOFEELHE. /var/log/warn EEBICREDIC
HRLTHEANEATT7IILTY,

NetworkManager
NetworkManager DO 774I)LTY,

news/*
news H—/"DOJ 774V T,

ntp

NTP (Network Time Protocol) 7—E> (ntpd) ®OY 774V TY,

AT LOATI7MIVDDEEIE
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pk_backend zypp

PackageKit (& Libzypp /8wy TV R) @AY 774 T,
puppet/*

F—Yt9—BENLY—ILTHD puppet DAY T7(ILTY,
samba/*

Windows SMB/CIFS 774 )L #—/\T#%% samba @AY 774 T,
SaX. log

SaX2 (SUSE advanced X11 configuration tool) @AY 774 )L TT,
scpm

SCPM (system configuration profile management) (scpm) @O 771 )L
TY,

warn

ITRTCDVATLEEEIS—HEHINZO07 771V TY, [AoLHhDRE
NRERELEES. /var/log/messages EEHILRMICHEBLTHEREOY
774 TY,

wtmp

3“/\‘"CUJ|:|7‘4*//|:V7“7@h%i*sz\‘)b@giB&Gl)f—h?ﬁfﬁo)éﬂﬁ
B BT ET—AIR—RAT7AIINTT, ZDI77MIILEEETBICIE, last a7
VREBBEWSEIWZEL I man 1 last ZBFEAEIN,

xinetd. log

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

Xorg. 0. log

X DEEFOOT 771 TT, X DRIICKKTELIRIGE. ZDIT7IIL
T BTHmAEIV FhEREWNOT 774)L1E Xorg.7.log ELTIREINF
ERS

AT LDEFI—=VTHAR



YaST2/%
FARTD YaST AT I77MILDMREINDZT ALY KNI TT,
zypp/*

Libzypp AT I77AID REINZTALINITT  INSDT71 IV %F H
TBIET, N —SDAVAN— IV BREAMRTHIENTEET,

zypper. log

ARVRSAVAVAN—=5TH% zypper D OJ 774V TY,

4.2 O 774 )V OBERESH

A7 774 )IE. BEVDTFANITAITHETTHETDIENTEET, £
NLAAICE, YaST aAvhO—ILEVd—0s [ZDf] > [ X 74007 %EIR
33&. /var/log/messages AEETHIENTEET,

TEANAVY—ILRTAY 771V =FETDIHEIE. less ¥ more ZFIFHTS

DHERTY , ZNLUHCE, head ¥ tai l #FIBTRIET. O 771ILDEE
PRBERTIBIENTEET . OV I7MIIBRIND RBETILYALIC
BB $2ICIE, tail -f ABFENLKEIN, ZNSEDY—ILICDWTOEMIZ. &<
ZaTIR—T%k BERAHALTIEI,

e AT I7MIVATXFI P ERRRICE DB ETRVWGEIE grep &
MALET. AT 77V 2HERICRIELLY, FBERZILYLIEWGSIE, ank
HMEFITLELD,

4.3 logrotate ZFIHL7OQY 771V D
=

/var/log T4LV M) RICESHRINZO7 771)LIE BLEBEINSLH, M50
IBICEKIELTLEILIRIEN L HYET, logrotate AWV RIFZFD LA
EXQOT 774 % QLIBTEY—ILT. INODT77MILDEBEZRZICL.IBX
b &&IET 27D HHADMEHL>TWET . BEAEMICIZOZ 770 O EEH
RO—7—23ay (PBYEBR) PHIRR. EfEPA—ILERREITHIRLTWET X
.07 2774 BEM (BRGER, BIR) ICEBIEZIENTEBIEIN IBE
L1 X% BAIGEREEIBETHIENTEET,

AT LOATI7MIVDDEEIE
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logrotate [@E. HXRD cron ¥a7ELTEITLET, . A4 XBiBICLS
£ D logrotate & 1 BICERE LY., ——force 77 avEIRBELLY
LAWY, 1 H 1 EU EOOV77/ILAEBITITRbNEE A,

logrotate MAREARBERTET7M1ILIE /etc/logrotate. conf T, O 771JL
EERTELEOM TOTS AL (FcE A apache2 12 E) DIFE. TDU AT LNy
r—ITid /ete/logrotate. d/ RICEREINZHMBEDERE77MILHAESENTL
X9, /etc/logrotate.d/ T4LZ KNI, /etc/logrotate. conf HSHFAAL &
INTHEELTVET,

A 4.1 /etc/logrotate.conf DREH)

It 24MiE "man logrotate” A BHEA LI,
tosor7q4aEEO0—F—Yay BIYEZ) LET
week Ly

t4BRETOBEOTZRELIT

rotate 4

t BHVWAT 77 ) EO0—T—Yay Litga. Ly (@E40) 774V EFERLEY
create

f O—7—>3v k774G, ERFHE LTCHAAASLEY
dateext

FOJ774 N EEBLEWVGE, TEOIAYMEALTEIWL

#tcompress

# gzip PEOMOEMAEZEFERALAELZWES, TROTEZIAVITIMLTLESIWY
scompresscmd /usr/bin/bzip2
uncompresscmd /usr/bin/bunzip2

D RPM Ry 57 —I TR, FROTA LI MJRIKO—FT— 3 viER%E
fERELEXT
include /etc/logrotate.d

EE

create 77> avEFIET3I5E(1E. /etc/permissionsk* 774 LN T
EINDZT7AIVD N—Ivyay (FUERE) PARIEABRICTERE
IV INEDERESE BIETZH5EIE. FENM LW EEIKTHIREE
(AW

logrotate |& cron MEXET74JL /etc/cron.daily/logrotate R CEREIN
HOHINFT, BEETCEDI7MILAO—F—>ayINOhEMBITIE, /
var/lib/logrotate. status ZHBFHMALIE I,
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4.4 logwatch Zf|AL=O0Y 771D
Esfi

logwatch (ZHRITA XD ARER TS T4V BIOTEALR RV TNTT VAT A
OV %MEBL TRIEERBRAEFTEZRVEL. ABICE>THEAPTWVWEARATE
~LET, logwatch A~ RAFIETBITIX, logwatch /Xy —T% A A M—)L
LTLEEEWN,

logwatch (ZOAX Y RSAVUDSRITTEIET. TDRRD LR—KNEERTEIE
MNTEBIFD, cron ENLTEITTBEIET ARYLLR LIR— N EERTHIEN
TEXET,LAR—MIBELICRTRIITZIED TEBIFD, T7M1IADRECH
ETRLAANDA—)VEEETRIZED TEET, EEIIRFIC cron TOEFHE
X BFICE 7 BEBETY,

ARV RSAVDOIGEISEBEREHEATT AT logwatch (THREWTHERK

THLR—MIEE T2 —ERDIEECEFEEHE, ML NI REEBELE
g

# EBLUBOITRTON—FI Ay =V IKDWTEHMAL R— NEERT 2
logwatch --service kernel --detail High --range Yesterday --print

#t TRTOD sshd BEEDEZEHEA RV MIDOWT, FMLANLVEESLTLR—MEERT Z (F—Ha4 TSNk

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

#5B58BH,5 587 BETIKERINATARTOD smartd X v E—JICDWT,  root@localhot 3EIC X —Jb
TLR—MEZEETS

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

--mailto root@localhost —--print

——range AT aVTIIEMREZHETDHIEELTEE T, LLIE logwatch —
range help ZE{TLTLEIV, L BWEDHLERERTRTOH—EZICDW
T—E%#RXRRIHICE, FTEED AV REERITLET:

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

logwatch (&, HNRYUFAAOWEEFICE TR EAITTRIIENTEEY, T IFE
AEDIGEIIBEEDREDEETHO T BEEDRET7MIIE /usr/share/
logwatch/default. conf/ ICHYFET, 2D I77MIVIFEZERELLY LAAWVWTL
IV, ZhIENRwTr—JICEFNZ 771 T HY. SEDYINIITTEHTL
EXIINTLEDAEMDLHB/DTT . ZD KDY HMBDERET7MI% /etc/
Llogwatch/conf/ RIC YER L THEFEWLZIW (ERD 77/ )L =8 ELTERL
TENFWEEA) . logwatch DARYTA XHEICDWT, FIERED HOWTO

AT LOATI7MIVDDEEIE
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A /usr/share/doc/packages/ logwatch/HOWTO-Customize-LogWatch RICdHY
FY.F FEEDLOIRERET77MILEHYET:

logwatch. conf

AAVDEBETFAINTT  BED/NN—IavFHNAAV I EINTUVE
T, TNFNDREA T avid, AVVYRSAUDNS EEETBIENTERE
ER

ignore. conf
logwatch TEEINZIRIIARTOTAEHRLET,
services/*. conf

DY —ERFTALIRMITUE LIR—MNEERTDODE T —ERICEATS
BREI7FMIVHDEEINET,

logfiles/*. conf

BY—ERDVWTREBINZREOT 771V DOEFEIEHINTVET,

4.5 YR LOT~DieEIT VR
logger

logger [FL AT LOTICH LT BBEFRETADIHD YV—IL T ZhiE>z)LD
ARV RAVH—=DTAADS, syslog(3) Y RTLOYVEY 2a—ILADAVH—TT
ARABRBTIEDTT  EZIE FERDEDICEITTSBE, /var/log/messages
R ThHEEHRINET:

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

REQI—YBERANRITUKIFLET D, /var/log/messages 77 )LICIET5C
DEHATH BEHEINFT:

Sep 28 13:09:31 venus Test: This messages comes from tux

AT LDEFI—=VTHAR
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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] (T4 R—D) IZEDN TV BIMET AN EBTmALLES

LY,

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

SystemTap DERIE. EIC SystemTap DRV TN (x.stp) ZFERTBIETIT
BWET, RV TNTIE SystemTap NED LI LTEREDIERE INEL. ZDINE
LBERICRH L TR E1TRIDM AL RLET RV T ME AWK X C 55
ICEl7z SystemTap RVYFNEETRMBLET . EEBDERICDOVT, FELUE
http://sourceware. org/systemtap/langref/ ZHFHMALTZILN,

SystemTap RVUTFMNDEREZ AL, A RV M ITRLT @MEBETRLN TS
TNV RFISET. EVWORNE BERTHEVNDIEDTY, SystemTap AARY
ThaRITTEEREDIRYMI FHUTERETRVWET  ARVIMREETS
&L Linux A—RILIEHTIL—F > EL TNV RSEED L. TORTICRYET,
FDOARYMINYRSE BHEIEZT2ODRN)H— (Zo0MF) EWHRIED
FICRYET, N\VRSTIR, BELAT—95EELEATRETIERTIE
BIENTEXY,

P, SystemTap SETIEIK D EDT—4E (B, XFI. BLUVETNLD
ERERRY) #ERL, R2AEERE (O, FHEK V-7 BEE) & kD
CENTEFT T BEBHANERE (EIDOVICLBZXYPVIKER) IC A>T
WBIEMN FHAREEATAOMNERHYITA (T—YEIZEHHNIC HEBISH,
FIvIINEY),

SystemTap DRV T PENSDITGEICDWT FELLIE 5.318 TRIY T D
k] (76 R—) DIFEH, stapprobes ¥ stapfuncs D ¥ =aT7IR—T%
BHALEIV, T2 aTILR—VIF, systemtap-docs /Ny —II EFNTWE
ER

5.1.2 tap v h

tap Ty MEIXBFIERINAFRERDS AT ST, SystemTap AU A
MOFERTHIENTEEEAMEI S ATVEY, 1—HH SystemTap RV
N& R1T9DE, SystemTap IZRV)TRDIFEEARYIMONYRSH, tap Y
N SATSVRICEETEHNEID AR LET, TDF% SystemTap (FRX7Y T
N CEEDI—NIIEBRINDENIL. TNOMELEECEBERZHAAHETT,
SystemTap X7 FMNEHERBRIC, tap BYRDT7AILEAITIE *. stp &V
RFHIMTTSNTOET,

7272 SystemTap RV T hEIZERY, tap EYMIBEERITITZ/HDED T
EHYERBAMDRAITIDOEERLFIEHTLODEEELTEE LTV E

AT LDEFI—=VTHAR
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T D= tap EYMSAT IV ARV NPEABABRICERTEDLIIITS
ODMRBESAET, tap BYMIARVIMNE FEELAVWI—HFITRHLT. &
DEMLBEBMDOBEERELTVWET, LEZUEN=IaVTEICBRRD IS
EDA—FILBEBEUIIT LT, hOUPTUVRIENAEINTWZYLET,

5.1.3 Ov YV REHER

SystemTap THE2EHFEAINSDIATURIE, stap & staprun D 2 DT, Ih
5iE roothSEITTEH. BLIE stapdev F7=ld stapusr DAV /NR—D 21—
"o RITTE2RELHYFET,

stap

SystemTap D70V NIV RTY, SystemTap DAV TN, T71ILHE
EAAN DSRIFFITRITTEIENTEFT RV TMICEEDNY—2R
A=K ICEBINTAV/AMILEN, ETHOD Linux A—FILRICEY 21—
ELTHEMARAENTET, ETDRMERV AT LN —RACIEERENERES
nEy,

staprun

SystemTap D/XvI TV RTY, SystemTap D7AY NIV RARELIH—
IV EVaA— I E FHFAALZVEBERLEYLET,

ZFNZhOIATVRICDOWTA T avD—E8A2RRTHICIE. IV VRIC —-help
FT2avmEMITTEITLUTIEIN, £ 5 LVLERRR ICDWTE, ZhFh stap
& staprun DR =aFILR—IEHFHMLIEIV,

F7-. SystemTap #4179 3LEFOI—HFITH LT, root DMEREFEETIC
BEERHEELTC ETNETNTEICRT SystemTap BDVIIL—FICFIEIE S
FED HYFET, IhsidWwdFht openSUSE DEEEDRETIFHEEINTWL
FEHAD, FED JIN—TEERLCELYIRERAS5252E T, LEEARRTS
ZENTEZET,

stapdev

CDTIWN—T DAV IN—DIFE, stap AV KEFFHL T SystemTap DAY
DT RNERTTBIENTESITHN, staprun YV RT SystemTap DHNE
Va1— ) ERTITBIENTELT, stap DEITICF A—RIVEY2—ILD
AV A—RIVADFTEHRAAEEZENDIEITRYET DT, EEMIC
IE root DIEREFOZEICERYET,

SystemTap—Y AT LT —HDI71ILY EDHT
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stapusr

ZDTIN—TF DAV IN—DIFE. staprun ZFIFALT SystemTap Dff
NEVI—IWERFTIBIEREFIIHFTINET, NITIMAT, /Lib/
modules/ 7y —RN/¥V—= 5 > /systemtap/ TALIRNJLLTFICHBEY 12—
IWERTTEIEETEET, ZOT1LIMIK root BAFIEHEICREINT
WARITNIERSRWN DT, root ZIFHNEXIALENTEET,

51.4 EERI7AINET1LINY

TEED—ETIE, SystemTap ICBIFBERT7AILETALIZMIZDOWT, BE
HERBALTWET,

/lib/modules/ 7 — R I/V—= 3 > /systemtap/
SystemTap DHANES1—ILEREFLTVET,
/usr/share/systemtap/tapset/
tap EYMDRBESATS) A FFELTVWET,
/usr/share/doc/packages/systemtap/examples

B2 BRTERAY S SystemTap 27U MM S USRI TWET, &
DF1LIRYIE. systemtap-docs /Sy —S AV A= )L LIEE S D IHF]
BETEF9d,

~/.systemtap/cache
SystemTap 771 DF vy 1% RFTET—9T71LIN)TTY,
/tmp/stap%

SystemTap 771V D—KT4L M) TY, C ERAEBINLRD 774
WX, A=A TV MREDNRBINET,

5.2 1MV AM—JLERRE

SystemTap (FA—RILDSDEHRE HEET S/, SystemTap /3w —JIC
MMATW DD DA—FRIVEAENY T —2% AV =L LARITIIERYFE A,
H—RIVERE/ Ny —U1F SystemTap DIFEETRD H—RIL/NN—=T 3 piEsE

AT LDEFI—=VTHAR



ICEOTERZEDTHBD. TNODELL—RLT VB Tr—I% AV A h—
IWLTKEIW (FEDORTIE * ELTN—Yarvp@EaRLTWEY),

EE: 7/ ERAE/ v r—IDYRIMN

BEVWDURTLTHYIMVEFEZFBALTWSIEEIL. openSUSE
13.1 BOFAYZAVAV AM—I)L)RI M) *-Debuginfo-Updates RIC [T
Ny J1E3R | (debuginfo) /8w r—IUBEELTWET, YaST #FIAL. Z
DIVRIM) % BMIERELTLIEI,

RERBDOFAFEDIGZEIX FERD/ T —I% A4V =)L LTI (YaST
F7zl& zypper TAV A=V E{TROIEN TEXY) .

+ systemtap

e systemtap-server

+ systemtap-docs ({EE)

* kernel-*-base

+ kernel-x-debuginfo

* kernel-x-devel

* kernel-source—*

+ gce
FREODBNTYZATIR=UEFALYY VT ILD SystemTap AV &
SR LY LWS AL, systemtap-docs /Sy —I & AV AR—)LLTLES
(A
BEVDIIVIIMHEBERETONNYT—IUB AV ZAM—=I)LEINTWT, SystemTap

ZHMATELREICHEDEID 2R T BHICIE, root TFEEDIAVYR%E EIT
LET.

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

LEROOATVRERTIZERV) T EEIL REFEBELTVWSIA—FILICDW
TFvI%TRVET, FREDIIICHADINNIL, SystemTap =FI T 5% (H
NTETWBEHIMTEET:
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Pass @: parsed user script and 59 Library 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 @ (76 ~—<): run completed in 10usr/20sys/257real ms.

(1]

(5]

/usr/share/systemtap/tapset/ RICHBEEED tap EYRSATS DAY
DT REHELTWET, tap Ty hElE ERNICERINABREEBHDOSA
TSVE&E (RVY)TR) T, SystemTap D AV TRHSFBETEZIENTES
£EDTY,

BEENTVWBRY)FMIR L THRREZTHRO>TWET,

Z29) T & C EEBEDY—ROA—RIZEHBLIEHE AV AR—ILINTWS C
IVRMSEEFTLTY—RO—REIVRAMILLTVET . FNEFN £KX
N7y —23—NK (x.c) EA—FRILET2—)b (*. ko) |, ~/. systemtap IZH
% SystemTap Fvv aRIREFINZET,

EV1— IV EFTEHAI A—RIVICERHRTDIETETORE (INVhE
NYRZ) ZBMICLTVWET G RABET DAY MIREIT 7ML R T L
(Virtual File System (VFS)) DFAHLIBTY , DA RV MIED LI
BETERETEEDARDT, IELWAYRS (read performed &RRT3BR
JUTN) DRITINTEERTIBIETTY,

SystemTap Ev2arvh5E T LERIF. FENMEMEINTH—RILE
Ta1—ID FmHRIAHDRRINZT,

LEROTFANRIAOID IS — Ay E—IDNRRINLZEIF RTIINAY
T—2% FADMVICLTBERN T —V%HRL. ZNODNELLAVRAM—LE
NTVED EID DO TLEIWIGEICE > TIBBRA—FRIVEFTHAD
=&, BiEEZ TROREN’HEINELNEEA,

5.3 29V T DT

SystemTap DRV TMITFED 2 DDERHISEHRINTT:

SystemTap 1RV~ (RER) (78 R—)

INYRSHERTIRIA—RIVARYRDEHF ARV NE LTI ED #EE
(B OV LEOPR TEDICRETDIIENTEZIEN V1Y — ICL
R EYVIVOREE IR TIRETDHIENTEET,

76  SRATLDWEF1—ZVTHAR



SystemTap /\V RS (IRERK) (79 R—2)

BEDARYINDRELLEZ AEITRENETDRLAERI)TNEED #
B, ZDEBDITBEE ARV MOWRISHLTT—yEHHEL. ThdE RED
EHCRRRIBEIRETIENMEATRVWET,

ARVREFNICEETZNY RS FEDHTIFEE & IENhET, SystemTap
DARYNMI FERA Vb EEEIEN, TDARYMITTE/N\VRTIE IBERK
EEEENFT,

SystemTap RVYTNATIE RLZRAETERDBATICIAV MNEERTEIE
DN TEFT:EThEN, /x */,// ZEALTCEIRLTIEI,

5.3.1 f8Z (probe) D &R

SystemTap RV TR CTIE BHEOAEELRTDIENTEETAEIETED
ERATERBRINRIThIERYFHA:

probe 7N, {XF—AX P}

FNEFNORBICIEWTIGTDIRAT— MM TOvILAFEELEFT . 2O RF—RMX
vhTOvsiE { } THELHNTWWRIITNIE 25T ARVRNTEICRAT MU I TE
FELRFNIERYFEEA,

A 5.1 >>T/7% SystemTap X217+

TEElE VT IV SystemTap R T RDHITY,

probe@ begin®

©
printf@ ("hello world¥n”)@®
exit 0O

17

$BZ (probe) DEETY,

ARUK begin (SystemTap £y avDBIBE) 2HEELTWET,
NVRSEZDOREEZ { TRLTVWET,
NYRSHTRIFERINTWSEE (printf) TY,

printf B CRRIREIXFIHIEINTUVEY, XFFDHKRRICIFENT
(/n) KEHDINTWET,

NYRZSAT 2 BEIFERAINTVLSEE (exit()) TY,.%d SystemTap
DRIYTME, exit() BHD HMUEINZFTHRITTEITINDIEITE
BLEIVW ZTNIYRID BETFEELIESICIE. Ctrl+ C &2HLE
ER

0000

©

SystemTap—Y AT LT —HDI71ILY EDHT

77



78

0 /NVRSEEDKT%} TRLTWEY,

ARV begin @ (SystemTap £y av ORHIAE) HAFEETDE, { } RICED
NTVWABNYRSHRELET, CDHFEI printf BEE 0 NIEUHIN, hello
world EWOXXFFNEHRITHAEN @ SNFT, HADKEHBE NVRSIFRT 6
LE,

ZOVTRRICEBD R T— MY MR INTWBIHA. SystemTap &I s
D AT—MAUREEMNTVWBIEFICETLET . AT — MY MOEICIFX EIY
ERBNFPRTZROITNFELEBITIDBRIEHYEEAF . AT— MY
hD 7OV 2IEBDRT—R AV DT OYIRICR AN D (ANFOHERIZT D)
ZEHTEET, —RMIC SystemTap RVY TR THEBATZRT—hXAVNTOYY
&, C 7OV 33V EEBTOETNERLTY,

5.3.2 SystemTap 1RV b (RER)

SystemTap TIEEELDRBARV M2 LLITEIENTEET,

—MREIRARYNDEX T RY M TR Y- TR T BFHRETT , DL LA
ICEYU ARV NEDEENLIRYADIENTERLIICA>TWET . T
NOAVKR—RVK ARV ID/NR—Y) Tk, BEHRECHE LD LSRR T XFT
FIBUED/INSA—IHIEETBIENTEDZET, ISIC, AVER—RUN T *
EIRETDHIENTEET , INITELETHMORERIC BAINZEEIIAVE
T ZNLUANTE BFERIC? 2440 LT BRICKBLAIZETEIS—ELAR
WERIBEDEDETEZIENTEET, BB BFERIIFLT ! #1079 5&.
FEEEEIDOTLERED ETBIENTEET,

SystemTap TIEEERICKH L TEMDAIRV MR ETEIENTEET NS
F AV () CRUS>TIRELET  BEDARY I B—DIREICHLTERES
7% &, SystemTap FIEELIZWVWTNDDANY I HEELRICETZT

BWET,

—REICIE ARV METERDEOI LD FEICDITBIENTEET:

s AEARVN EEOTOCAN, A—RIIO—RATHEDIGICHIHS%E
EILEBEICRETEIARVN BINOBEET—9E LT DARY M 9
BZBBRIVN (BEDTRLR) NBEINBBEDHYET,

BHIA AR M, FcE AL vEs. 7 7 7T IEEIE IRED HYUFE T RET71ILY
A7 I (Virtual File System (VFS)) ICXF LT, 7 7 7 /LARFE TIRETBIRY

AT LDEFI—=VTHAR



NEtEELET, 12EAIE 5.2 [V RMN—JLERTE] (74 R—) DIFA.
read A* VFS TEHINBAXRVINTY,

« FEEBPARVMN BEOHETPI—RRATOBAICKRU IDNRVEDZIELE
T, LEAEHIVIIEZEDPIIT—ILLDEDREDNHITFOHNET,

FERBBANRYREL T, 7z&ZIE begin EDRHYFET, Thld SystemTap
Ty avOREBREEKRTBEDT, SystemTap RV TR D EEITZETIC
EIITBEDTT, ZNLUMICE end (SystemTap £y av DR T HE) 44
R—DARVINREDHBYET, A — ARV MIEHARICRITT 27DV
RST. &S timer.s(#) % timer.ms(3S U #) REIHYET,

IERAEINETD/-ODFDOMDIFEEEEEIFERLEES. Y17 —IRV N E
FATHIET. BHMNICT —95RTIBRIENTEZ T, 2NICKY, —F
BB ZEICENEITOED H oD EFERTEIENTIET,

B 52 S4V—ANIPCSLBIFEE
Tc&EZIE, FEEDIEETIX Thelloworld] EWDTFAMNE 4 B XICRRLET:

probe timer.s(4)
{
printf("hello world¥n”)

}

FERRERARYMIDWT, LKL stapprobes D ¥ZaT7IR—IEHH
IV TZaTIR—YAD See Also DIBIZIEBEEDHY TV RT LN OV
R=FVMIFIETBARYMIDWT DT ZaTILR=IAD Y IHEDN
TWEY,

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 sk

BHOBRETRACRAT—MUMNIEFERLEZWE S ThoZERIC B AT
BZENTEXY, function DIRICHAIZ SEMTDIETENLZREHELTES
THIENTEFTFAHTIE XFICHIE ([BEL) DINFA—YERBARTEITE
T BHIENTE, BE—DXFIPHIEZRANTHIENTEEY,

function BHE (/WYX —8) {(RF—, X2 ,}

SystemTap—Y AT LT —HDI71ILY EDHT
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probe 7N, {EHE(VSX—5)}

EROBICENT, FHE RICHDRAT—MUNE, 7N, THEELEERE
DRELIIIVIT RITINIT, /WS X—F FEBREDIET, BHRITE
TNNOA—Y%IBELET,

BRI RV TNRDERDBAICERT BIENTEXT,

B15.1T> > 7)1 SystemTap RV TR (77 R—2) TEICBNLTWSE
BY, ETHIFEAINZERDIED 1 DA printf BHTYT, ThidEX%
BELTT—92H AT 5N T. EXEBEXFIEZIEETS JET.EDLHR

SRERCHNT IO R ETEET  EXNEEXFIIE SIBRFTHE>TEEL.
ZOHT §h XFTHRIZFMG EXEELZTLAVET,

ERBEXFRINCEDIIIEETEIONMNE. BRRTRD/INSXA—FICLI>TE
RYFT  EXRBEXFIIIIERDERNIBEALRETHIENTE . ThEh
FGA—=H 1 DI ISELET  EHD/NTA—=FIEAhV T TRYYET,

5.3 ZEIETITED printf E#H
printf ("@%sO(%dO) open¥n®”, execname(), pid())

0 EAREXFINDKIY (") ZHEELTVET,
0 XFINDEXEETY.

© BHOEXEETY,

o EXBEXFIOKRDLY (") ZHELTWET,

LERDHITIX IRTEDEITE (execname()) X FFHT, 7OEXID (pid()) %
BHTHRMNICKRRLEHE, AR—ZATREI>T open EVWIXFFIERRLT
ITLET:

[...]

vmware-guestd(2206) open

hald(2360) open

[...]

5. 3TERIBEE(TED printf BHEI (80 R—2) THEHALTWS
execname() & pid() @ 2 DD BEHLUAAICE, printf TIEERALRERZFERT
5 ZENTEET,

SystemTap DRV T THoEELLMERTHRABUITEDESYTY:
tid()
REDALYRD ID

AT LDEFI—=VTHAR



pid()
MEDZALYROZTOEZ ID
uid()
REDOI—HID
cpu()
RED CPU ES
execname()
REDTOERDEF
gettimeofday_s()
UNIX TRy (1970 £ 1 B 1 H) »50#ZEHHK
ctime()
REZI % X FHICEH LD
PP()
RAELELTWSRERDRAXFT
thread_indent()

HAOERDOEREBAEZZDIEFLENTT, COBEMTIEEALYR
(tidO) ICHLT AV TV NAV VS %REFT 2 BIFETRWVWET, COBEIZ
AVTFVNEDEEEIEND, ALYRD 1 VTV NIV BIERIEDT-HD
1 DDNRNSA—HEI/ELET, BHORVIEIZ. 1TV MIBEAE T 2
DAR—=2E KOO D RAMREHT —9 %220 XFITY  NAKNRE
HT—2ELTIE YMLRIYV T (ALYRICRHTEHEADA T MLEBEH S
DB <170 OFH. 7OERELZEALYRID BEIESFNET, &
NICEY FUOH I ZBEHRE PO LT, 8LURLYRORE BE%E
BlTBIENTEDBLDICHE>TVET,

BEHORIMMNORT ZTORICITBE. BIDORBDITUH LICk2REY &

THEENDIEND AETRHRVRETRTNSEHBIT LD HL
B2 TLEWET  ZDAVTYNAIVITIE, F/D BEHIA RV INLI5
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BITEEIBPL. ZZ HOIF > CEL RS TEARBOTIENTEED T B
DIEVHLD BIBEZCICEAICTOTRAEZTRV. BRORAKBRERTEZR
PIIRIL THMRI’HYZET, thread indent() ZEHT S SystemTap

ZI)TROFEUZDWTIE, http://sourceware. org/systemtap/tutorial/

Tracing. htmlfifig:socket-trace IZ#% SystemTap Tutorial =&H5RH< 7
I,

FIFA AT RE% SystemTap BIEICDUWT, 3£ L<IE stapfuncs D =27 )L _R—J%
BFALTIZI,

5.3.3.2 EDDEFN L 4E

R IX RIS, SystemTap D/\Y RS TIEZDMD—RMAEEEF BT E
DTEEY I ERISEBORA DI (1f/ else) (JL—T (while, for) (EEFI%P2
RYURZAVNGA=IIRENBHYET,

255

EHEZV ) TNADERDIGAACERTHIENTEIT  EHEEETS IC
I BHEICRBIZEE L CREBDOEPHAZRA LTS

foo = gettimeofday( )

T5EEHEHARETCHERATEIENTEBLIIICARYET EHUC K ALKIE
DFEFEICEL ST, SystemTap IFBEEMICT —Y R EHED (XFEFIEIL BUE) L
FTASHDDFENRETEE. FNOETS—ELTREINET, LEEDOHIT
I foo IZBEIMIICEEE LTERIRIN, printf() TEHMOEREZIETE (d) $5
ZETRARTEDLDITRYEFT,

L BEEDFRETIEEHL. ZNAMERAINTVWAIRERO—HILOD FEET
T, 2FV. BRIZTNTNDONYRSHATHHIEIN TERIN, ZLTEEIN
T EHEAEBDOBTHETSICIE. RV TNAT ZOEEET O—/NIVEE
ELTEEIIRENHYET . INETRD ITIK FEEDAHEIT global F—7—
RafERELET:

P54 O0—/IEHDEH

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”

AT LDEFI—=VTHAR


http://sourceware.org/systemtap/tutorial/Tracing.html#fig:socket-trace
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count jiffies, count ms, hz)
exit ()
}

ROV TIVRY) TRTIE A—FILD CONFIG_HZ DR EEIAIR—
TEEIZEDT. TNTNA—RILDOEFDENE (jiffies) EIUMZEEAT W
F7 (jiffy/jiffies T RTLDYAT—EIYAHD 1 hoVhDE BEKTS

BT N—RITT7 TSV T74—LAITRDZEN)AHRARIC KET B

D, TSYRTA—LTEICERDEIRYET) , global RF—IXV ME{EH
4BZETceount jiffies & count ms DEHAEST O—/NIILEEHELTWT,
timer.ms(12345) OB THMEATEZLIICA>TVWET, BB, ++ IFIBELLE
HOMEICT ZINA5. EVWDRKTY,

F ik

SystemTap RVYTMNATHEATELZRBDIRITIT. WAWSBEDHHYET,
IFEAINZEDETEICRLET:

If/Else RT7—kX2

TRRDLIVREAXTRHRMRLET:
if (RYE)OXF—,XZF 1O

else®XF— A X2, 20
if A7F—MAVMIBH(EZ O LB LET, RIFEEF 0 1° 0 LA DH
B RADAT—IAVN O DNEITINET, 0 DIFEIFT 2 BEHDRT—KIA
VO DERITINKET, else DIETE (@ LUV 0) FIEET.HWELARLLTED
FOWFEHAFE. 0L 0 IX . LWITNERT— MY NTOVI RGBT EHIEDN
Ti‘gj_o

While JL—7

TERDOLOIBREATRMLET:
while (RE)OIF— ;X2 fO
&4 THRELLED O LUATHBIRY, @ TIHRELILAT MU M #RYIR
LEFTLET . AL, 0 ERAT—I XV NTOvIEERTDIEETEET, £
4 DEIZAEIADIEYIRLDRIC 0 ICRSRIFNIERYER A,

For JL—7
EAMICIE while ST B a— MOy MERET, TREOIHILRERTEHERL
E3r

SystemTap—Y AT LT —HDI71ILY EDHT
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for (ZTHIIED; £4O; 1% 5EO) statement
O CIEELLRRITEVIRLAEBOMHBIEDOBRICERT2EDOT, LEH X
BRICITRDLNBEICRITINDGIEETY, RTIE 0 TIEELLEFENTE LI
NARKARZETIRYIRLITADNEYT (CORIRIT BEYRLAUEDEIETIT
BHhEY) Fiz. @ TIEELLREIZ. IV —THoVYOMEICFEALET,
CORFPITE BRYRLAMEBOEHOYTITARDNET,

FHRERET
REBEEFELTUITEEOEDEFRETRIENTEET:
==: EilEADHIELW
I=: ZEDEADHIEFELLARN

ELDIFIDADLEYKREVHFLL

>=

ZIDDIFIDAEDLEYNIND FLW

5.4 27) 7 I

systemtap-docs /Sy —T% AV ZAM—)LLTWWIK, /usr/share/doc/
packages/systemtap/examples RICKFEDEF A SystemTap XY FMFIAES
BXNZETd,

<=

ZDETIL, /usr/share/doc/packages/systemtap/examples/network/
tcp_connections. stp (CHB YU TILDRI) FTMIDWT, LWEELLERBALE
EDS

A 5.5 tcp_connections.stp EFIFLEENS TCP DERE

#! /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 I=0)
printf(”%6d %16s %6d %6d %16s¥n”, uid(), execname(), pid(),

AT LDEFI—=VTHAR



inet get local port(sock), inet get ip source(sock))

}

2D SystemTap A7) T MIZFEBID TCP Fma 7 ILIALICEEBR L FFATX
NTVWAWERPEFRVERIRELTVWIHNEILIE2HELET . ZThTh
TCP O#EFEHAAVEI—FVRIIZIFANLNDE, FEREDLOIRIFHRIRTIINE
ER

« 21— ID (UID)

EHmaZit AN TWAIavT R (CMD)

« JavYROZA+&2Z ID (PID)
EHmsMEALTWSBR— (PORT)
TCP DT IP 7KL R (IP_SOUCE)

27V TRERTTBITE,. FERDEIIICAHALET:

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

HEFRI)TMNDRITERIPEAINE T, RV T2 XHEBITIE. Ctrl +
CHHLEY,

5.5 XS5 1EH

ZDETIE. SystemTap ICDWTOBEZERAL TEX L7, SystemTap IZDLY
T LYFELWERZBDIIE TERED) VIS RLU TS W

http://sourceware. org/systemtap/
SystemTap 7AY TV bD Web R—YTY,

http://sourceware. org/systemtap/wiki/
SystemTap ICET2EFIRBHRHI S EHINTVET LE2I—PHEOD
Y=L EDHE, KHBERM (FAQ) PV MRE, A—HEITE L UHAEE
BIFD RFaXvTF—2avhHYEd, £/, SystemTap DRV TS &ELE

HIh TWBEN YU TVPEAL B OFBRCAN—)—RELHYZE
ED

SystemTap—Y AT LT —HDI71ILY EDHT
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http://sourceware.org/systemtap/wiki/

http://sourceware. org/systemtap/documentation. html

SystemTap Tutorial (SystemTap Fa1—hkYUF ), SystemTap Beginner's
Guide (SystemTap #l/OERIFHANR), Tapset Developer's Guide
(SystemTap FAFEEMRIFHAR), SystemTap Language Reference
(SystemTap 558 77L Y R) H. FNEh PDF & HTML DR TR
NTWET T ChICEELL xZaT7IR—JEREINTWET,

SystemTap DFFEY 77L > AX SystemTap DF1—k)77ILICDWTIE,
Nyl =% AV AN—=)L LIV AT LTHNIE /usr/share/doc/packages/
systemtap RICEBFEIELE Y, /<. SystemTap DYV TRV TMELEED
example 47 TF4LIR)IZHYET,
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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 (61 R—Y) EBHmH<LIEIN,

6.1 Y R—FENBTP—FFIF+

A—RIWRBRTEDT7—FTIF VT ZTEIC REINTVWET:

+ i386

x86_64 (AMD-64, EM64T)

* ppc64

e arm

* ppc

N—RINRERITEDOT—FTIF VT FBHHYE REINTVET:
* ia64 (slot! SpFICH T HIREICIIT G LTVLWEEA)

+ sparc64 (return JEENEEINTVEEA)

6.2 H—RIVIREDER

A—RIVREICIE 3 DDEEDIHYET: Kprobes, Jprobes, Kretprobes .
kretprobes &l return probe EEMENE T, Ihd 3 FEEDIFEDY—2R
O—NRHIE, /usr/src/Llinux/samples/kprobes/ I (kernel-source /X4 —3)
ICFELTWET,

6.2.1 Kprobe

Kprobe IE Linux A—X LRDEBEDHSICH L TRETIIENTEZED T
¥, Kprobe ZREDHRICH L TERET DL, ZDRIHAEINTWS HZHD
BRTICR LTI LA IRAVMD R EINE Y, 7Oy YD TLAIRAVMIE|
ETRE. TOVHDOLYRYBHRNMREINHE WD Kprobe ISEINE

AT LDEFI—=VTHAR



TR TYNRS (BRIDNVRS) NEITIN, ZOHETRDEGSHN—D
TORITIN, REICAIANAAZ (BFRDNVRTS) BNEITINFT, Ihb—
EDRNA B E, HlEHIE Kprobe TRELTSWAETZRLRIZRYETY,

6.2.2 Jprobe

Jprobe (& Kprobe Dt#AH %@ L TEREINTWSEDTY, CNILEHRO FHia
M (TVRN)RAVRN) IR L TCEREINDED T WROERITT TS /X5 A—%4
LC’)L\’C\E?&E’\J@TQ‘BZ%{W&?LE#‘T%6427L.&D'C\,\i?’ ZDNVRS
W—F UL BEERULNRATA—Y—EBLIPRVIEEZRELAITNIE RYFEA,
F7. jprobe_return() ZMUVHTIET T LARITNIETRYEE A,

Jprobe TOEEICB oD BE, 7OV DL Y RYIERNMREEIN HE B
SDRAVEIH Jprobe DNV RS —FVAICEITONET, TDE. HIEILEE
BOAFVPHINZEZERUL Y RSRET . NYRTEETLET, RIERIC/NAVR
ZI& jprobe return() BEEHUE L, TTORBAKICEYET,

—HREYICIE T DDBEEICERDIFREEEATHIENTEETT A, Jprobe Tl
1 DOBEH=Y 1 DDAV RIVALIBRETEE A

6.2.3 Return probe

Return probell DWTHEHRRIC, KProbe DAMA%EEL TREINTVWET,

register kretprobe() BAA MU INBE, KProbe A 1EEDERK DA S
ICREINE T, BEICB oD BE N—RILDFEEMBEN T ROBEHDOREY 7
RLRAZREL, HOEDLOHERELTEW NV RSEFUOHLET . CNH—ED
s i&hdE, HfEIE Return probe TRELTEWETRLRAICRYEY,

73 register _kretprobe() ZMUH IRIIC, maxactive /NS X—F%RET D

WMHEBEIHYET, CNIXERFICENTEITOAVRY VA AIEETEHIAIELE
To CDENNITEZE FEERRLTLEIGEDHYET,

6.3 H—FRILDRE API

Kprobe 7OV SIVTAV =T A AIEBOBEHEHISERINTWT. N
51 FRIZETOH—RIVBEEICH LT BB CEFMBREITROIENTES
FD NYRSEFEEDIF YT EIENTEET, CNOSDOREFICDOWT FELWR

Hh—RIEE
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B ZNHD/RFTA—=FICDWTE, 6.5I8 X558 5R] (92 R—2) ITR
THERESEL TSIV,

register kprobe()

BELETRLRICTLAVRAV N ERELE T TLAORAVMIEET S
&. pre handler & post _handler AFNFNIEVHINET,

register jprobe()
BELETZRLRICTLAORAV N R ELE T PRL RUIIFRE T ROBEHUC
WU THRADM BB TRITNIERYFTA TLAIRAVMIEIET D&,
EBELE NYRSHAERITINET N\ VRIEIFEERROBE#HER /ST X—
HYZN, BN ORFETHEBIREZELEDTY,

register kretprobe()
BE L7-BEIC return probe 25 ELF T FENROBHHSHUOHEIND
ECEBELENYRSHARITINET, COBREBUIKINEFIC 0 &, KEEFICIE
BOH%E RIMLET,

unregister kprobe(), unregister jprobe(), unregister kretprobe()

ThENEELERELHBLET, BRRTHNENDTEIFUH T 2o
THTT,

register kprobes(), register jprobes(), register kretprobes()
ETNENIBELLEINRICHIEHRDREEEZRELET,

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

disable kprobe(), disable jprobe(), disable kretprobe()
BELBREZ—FRIICEMELEY,

enable _kprobe(), enable jprobe(), enable kretprobe()

—BEMICEWIEIN TV IEEEEMICLET,

AT LDEFI—=VTHAR



6.4 Debugfs 1>9—7x4(4 X

RIED Linux A—RILTHNIL, A—RIVIBBEDOMSIETH—RILAICHD
debugfs 1V —TJxA 2A%FALET. CNICLY. 2 TOEFEAEEE—EBER
RCED I 2TCORBICFLTAEMCEMNZIVEZEIENTEET,

%4&;:1 EFREHDH—RXINVREE—RRTTS

WHEEHFINTLSLTOD Kprobe #FRRT5IC1E. /sys/kernel/debug/
kprobes/list 771 & B FHAHLIEIL,

saturn. example.com:™ {f cat /sys/kernel/debug/kprobes/list
c015d71a k vfs read+0x0 [DISABLED]

c011a316 j do fork+0x0

c03dedcd5 r tcp_v4 rcvt0x0

EADOFTNUIIIFEIBREINIA—FRILADTRLABERIRRIINET, 2 F

HOFIITREDERI/ENINTUVET , ENEN k H¥ Kprobe . j ' Jprobe,

r A% Return probe Z/RLTWET, 3 BB DINIIEH—RILVADL VRILEFT
tYyME, BLUORBEOREICATHERIRIINI T, ZORRTREICAEMT
FRVMRAE PRLRICEENMEBLTWSIEEIE [GONE] &V v—oh e S
NFEY, T, —BFRIEMEINIFEEDHZE L, [DISABLED] WD —UA M
EINFT,

6.4.2 £ TOAh—RINRE=FRE/IMIIC
EECYzP: S

/sys/kernel/debug/kprobes/enabled 77/ ILICIE, BERFHDETDH—F
IWERBIOOWT AT LEEDICTIVEZIDIEDTES BENMARINTVLE
T2 TDA—RIVIREEENICT BICIE. root T FEEDEIICETLET:

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

L2TOA—RIBFEEZEMIRTICIE FERRIC root TFEDLIICETLET:
echo ”1” > /sys/kernel/debug/kprobes/enab led

BRB.COHETIIBEEDREEALTRETAIEIITEEHA BFEDOREN —HH
I EMEINTWAIES., 20O RAEESTLTH [DISABLED] DIREED £ F
IRV ET,

Hh—RIEE
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6.5 XL/ 51EHHR

A—RIVREICDWTLYEFHLLASICIE, TEREDBRIREZZFALLEIL:

A—RIVREICAL T B2 ORMTNREI®RESRLIZWGEIE. /usr/
src/Linux/Documentation/kprobes. txt 774 )L (kenrel-source /\w/r—
) ZHFmA<IEI,

3TFEEDFEEIODVWTOY YT IV (BLUBEET S Makefile) ZHFMICARY
7=WI5 A1, /usr/src/Linux/samples/kprobes/ T4L-2 K1) (kenrel-source
Nor—IR) 2ZEBLLEEW,

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

H—RIREEEBIFERTBICHI> T IRENTEHYFTHD LEHLIER
=B7-\ 551, Kernel debugging with Kprobes [http://www. ibm. com/
developerworks/Llibrary/l-kprobes. html] (FE8) ABFHALIEILN,

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—

ADMREEETR

perfmon2 7Oty HHEEERI =Y N (PMU) ICT7 IR T B DBHEAL -

WA AVIY—TIARTT . RED PMU ETI T —F T FvIC LT, ATk
D$HD T AEEAIRHLET, CNICEY S AT AREKRLE T TR ALY REAL
TD ERPHIVN BLOY VT TETRITEDNTERLIIIR>TVET,

7.1 8=

perfmon DBEBICDWTIT FREBFHHLIEIWN,

7.1.1 perfmon2 D&

MEEBEIRE L, TEDIIICT TV r— a3V AT LDEIELT WBDHMICDWL
T BERENETR1TA] DZEEELET, INOHDERIE. BELTWEO—R

DNOEBTBIENTESIFN. CPUPFY Ty NRENSERMBTEIENTE
9,

wLnwyOevyTchhniE EEHRI=ZY N (PMU) EEHENZEDOHIEE Ih
TWET, PMU DERETEHEAEIL CPU TEICERDERRICA>TWT, 7=2&2E L
SRAIDERH I DI KERERUC DLW T, CPU AIDOEREIC Lo TEAYFE
ER

perfmon 449 —7 x4 LN TERERMECILRMEICEARLREHIAR>T WE
T, ZDH. TATSL (ALYR) FIF TRV RATLAREDLN)L THEERET
BHTEDNTEDIIITA>TVWT. WTFhDIFETETAT77MIL BEREHI VA

LYY )T LY TRIENTERLIICR>TVWET, COFE—INni1Y

perfmon2—/\—ROITF7R—2ADMHREEIR
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94

H—TDTA ALY, AT DH DY — IV AERRTEIEDN TEBLDIAR>TWE
T, E9 1 7.1 Tperfmon2 D7 —FF7UF+v] (94 R—) THREEBFHFH<
FEEW,

B 7.1 perfmon? D7—F72F+

pfmon aA—HRR—2R
perfmon
DR FAER S
Linux #—=xJL
perfmon
D7 —F TV FrEHESD

PMU CPU #—KUxT7

% PMU [FEBHBDL I AR INTVWET , TNETNHEBET =YX E
(PMC) EMREE=4FT—% (PMD) EMEHENFE T, EXIAHIE PMC BIICFT 17742
HTENTEFIN . FRARAAEE DL I RITITRIZENTEET, ThHDL
TRAYICIE REBHRET —IDREINET,

71.2 8900 TERIV b

perfmon2 |£ 2 D E—RICHISLET . TN TR YV T TERDUN &
EN3EDTY,

Yo7 o EIGRE —EDRERR FFEN—X) ¥ —EBREDOI NV NEE
BIfR (1Y M=) TUEINZE—NTTY, perfmon DHFE. FEN—ZD
YT TIE BB TRET IRV (=& Z1E unhalted_reference_cycles
&) =R AL THEEMIC ZRLTVWET,

—H DT, BARNVNDOFREBB ETICLEYS S E—FTTY,
WIFNDBERTH>TE. ThLDERIE ¥ 7L RIREIhET . 2OY VS

NI T2EZEEDALYRTRELLEDI P, BERAVIDBERDEDNSF
nTwWEd,

AT LDEFI—=VTHAR



TEEDHITIX CPU OP CYCLES A RV MDFAE D AEZ. 100000 CIFELETS
eI YT ILERRLET:

pfmon --no-cmd-output -e CPU OP_CYCLES ALL /bin/ls

1306604 CPU_OP_CYCLES_ALL

Ffe  FEROAVYRIFIBELHEEDRTERE, £ Y (IIVATO BlG%XR

~LET:

pfmon --no-cmd-output --short-smpl-periods=100000

# results for [28119:28119<-[28102]] (/bin/ls)

# total samples

# total buffer overflows :

s
#
# Yself
8.33%
8.33%
8.33%
8.33%
8.33%
8.33%
8.33%
8.33%
8.33%
8.33%
8.33%

counts

U U I N

8

16.

212
0

event00

%cum code addr
.33% 0x2000000000007180
67% 0x20000000000195a0
.00% 0x2000000000019260
. 33% 0x2000000000014¢60
.67% 0x20000000001f38c0
.00% 0x20000000001ea481
. 33% 0x200000000020b260
.67% 0x2000000000203490
.00% 0x2000000000203360
.33% 0x2000000000203440
.67% 0x4000000000002690

8.33% 100.00% 0x20000000001cfdf1

71242 AM=)

perfmon2 AT 5ICIE. FT TEREDEH I RBIEINTVWSIEETHERES

(AN

SUSE Linux Enterprise 11

-e CPU_OP_CYCLES ALL /bin/ls

WS BT7—FTIFvid, ThEh IA64, x86_64 TY, perf (Linux @IS
INTA—= VR ATV I —I DigE L. x86, PPC64 DET—FT7
FrICH L TWET,

SUSE Linux Enterprise 11 SP1

XIT 2T —FTIFvIL 1A64 DHTT,

SUSE Linux Enterprise11 £® pfmon D&, ZhEFN TR 7Oty HiIC 5t
IELTWET (/usr/share/doc/packages/pfmon/README H DAL

perfmon2—/\—ROITF7R—2ADMHREEIR
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&7.1 VFHR—pHROTOEY

fick-o Tatyvy

Intel IA-64 Itanium (Merced), Itanium 2
(McKinley, Madison, Deerfield),
Itanium 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 E7c

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

BEWDT—FTIFvIEIBBRNNYT—IDNERYET, BB\ —D%
AV A=)V LTSN

FE72 BELNvT—

F—¥TIFv Rolr—

iab4 pfmon

7.3 perfmon D{EH

perfmon A3 3I5E. pfmon EMEIENZEOATVRSIY Y—ILEFBALTIN
TOBRNEZTRVET,

$82: perfmon & OProfile vy avOREBEAICDOWT

x86 7—F T IFvDizHA. perfmon Dtv 3> & OProfile Dty av
% FARFICRETAIEIFTEZRA,. —AZBHEVDHBEIE A %EELEX
HTLLEIN,

AT LDEFI—=VTHAR



7.3.1 ARV MEROME

FIRARERANRY MDD —EAEE T BICIE, pfmon ATV RIC -1 A5 LTET
LTKEIW 8. 20 —EBIZHRAMID PMU ICE>TENRTNERBZZEISE
BLTLEIL,

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_LVL1

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

FHEBICDWCERBAERAWEEIE, -i ITRIFTTIRY NG ZIBELET:
pfmon —i CPU_OP_CYCLES ALL

Name : CPU_OP CYCLES ALL

Code 1 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

7.3.2 AT L2EICHTE Y avyOFMLE

--system-wide A /L aVEFERTZEFED CPU (BAFILER) LTET
INZITRTODTAEREERTEIENTEET, DB EL. root TERITTS

BEEHYFEABETEI—HFLANILD 2ARVMIHLTERICA>TWS

HTY (~uAT¥av),

perfmon2—/\—ROITF7R—2ADMHREEIR
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F7/-.FEU CPU #EHLAWRY. EHO U RTF ALKy Y3V ARRHCETT
5 ZEETEFT L. ALYRSEDEYY IV EV AT LLERD Y aVIE E
BRICIZEITTEEHA,

TEEDHITIE, Itanium IA64 Montecito 7Ot yHAFIALTIRERLHITT,
VAT LAEEDEYYaVERITTBICE. FTRDOFIEEITRWVET:

1 BFEVD CPU £y b ERHELET:
pfmon -v --system-wide

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

2 EyavIlhINERELET, FEeO—E TR UBOBITERTZA T ay
IKDWTCERBAZE MR L TWEY (FLKREYZaT N R=IZBEHmMLIEIL):

-e/--events

BIRULIARVNOAETOT774IVLET, —EEENEBTBICIE, 7.3.118
TRV MERDEIG] (97 R—Y) ZBEHAIEI,

--cpu-Llist

ERNROTOy Y —BAIEELET . DA TV avEaiEELRWES,
FIATEERTATOT Oy EEHLET,

-t/--session-timeout
ERty avoERTEHEEWEMTIEELET,

TO77MI Yy avERIATRICIE. EEBOWTNDAODAEETH ALY
L,

c BMEDANRYMNERALET:

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
CPU2 7194110 CPU_OP_CYCLES_ALL
CPU2 4168239 IA64 INST RETIRED

« MEMTERITHEZEELIT:

AT LDEFI—=VTHAR



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
CPUO 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

« AYVRERITLES . Ly avid 7OV S L%EET 5 TEEMNIC BIA
IN TOTSLNRT T2EEBNIELEINET:
pfmon —-cpu-Llist=0-1 —-system-wide -u ~e CPU OP CYCLES ALL, IAG4 INST RETIRED —- Ls -

L /dev/null
crw-rw-rw—- 1 root root 1, 3 27. Mar 03:30 /dev/null

CPU@ 38925 CPU_OP_CYCLES ALL
CPUO 7510 IA64_INST_RETIRED
CPU1 9825 CPU_OP_CYCLES_ALL
CPU1 1676 IA64 INST RETIRED

3 Enter ¥F—&TE Y AV EELTEIENTIET:

4 SEHEZRBLAEWGAIE. HREMRDZITVNDRKIC —aggr A 7>avEIRE
LZxd:
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 DESR

perfmon (FENER DALY REEEIR T B EETEET Chid, EEIFFEDOH
No VAT ALAT—EVR IOV S LEERTIIGEIENLIEEETT . CDGE
IE, FTERTROTOER ID 2HIFLET:

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

HEFROM-=7OEZID %, pfmon ATV RD ——attach-task A< 3> T
EBELET:

pfmon --attach-task=10027
3682190 CPU_OP_CYCLES ALL

perfmon2—/\—ROITF7R—2ADMHREEIR
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7.4 debugfs D5 DHMEHER NG

perfmon &, T\ T DAV Y= A ATRARINTUWSHREHERE INETS
ZEHTEET  ZDFETIE. ZOEEHEELTOAD Y MP BEfRE LTRSS N
ij_o

F—HADTHERIE. root T /sys/kernel/debug LLFICTO Y RN, T/
TI7AI AT L% BLUTITRWVWET,

F—41% /sys/kernel/debug/perfmon/ NI CPU BT FIELTWE T, 7
NEND CPU ICIE. ASCH 771X TT7 IV AABER EEHDRIEED
SENTVWET, FEEDIBEHHRIL /usr/src/Linux/Documentation/perfmon2-
debugfs. txt DSDIRKTT:

F 7.3 /sys/kernel/debug/perfmon/cpu®/ FICH BaeAERY B Z 71/

771 BiER

ctxswin count PMU OV 7FRAMIYEZDEA
[EE=4

ctxswin ns PMU OV 7FAMIYEZZEA
IW—FUATHEINER (/
FEAT)

Average cost of the PMU context switch
in=
ctxswin_ns / ctxswin_count

ctxswout count PMU OV FFZAMMIYEZ DR
[EE-4

ctxswout ns PMU VT A MIYE XN
W—FURTHEINLERE (F/
M Ei)

Average cost of the PMU context switch

out =
ctxswout_ns / ctxswout_count

fmt handler calls PMU DE|VYAH %NS S, S
IWERER LI —F 7 (— I

100 YRFTLPHEF2—ZVTHAR



771

BRER

YU TN ERERTDIL—FV) ODFE
UH LEIEK

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 > DM
UHLEE

ovl intr all count

A—RILHZIE LTz PMU EIYIAH
DEE

ovfl intr nmi_count

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

ovfl intr_ns

perfmon2 PMU Z|V) ;A A LR )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 EYAHD
[EIE4

ovfl intr _replay count

AVTHFAMIYBZIDRARAN
YhEYhDYIYBEZRETHRET
Iz PMU EIY5AAHDEIEL

perfmon2—/\—RJITF7R—ADMHEEER
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774 BB

perfom intr spurious count, BRIV TFEFAMERIFEELR

ovfl intr spurious count WMol l=DITETEN =, PMU &)
VA D BT

pfm restart count pfm_restart() NIEUHIN /=[O
£

reset pmds count pfm reset pmds() AMEUHINT
[EE=4

set switch count ARV My hDOEIYE Z B

set_switch ns TYMIVBEZIIL—F VR THEES
N7-B5RE (F/F BN
Average cost of switching sets =

set switch ns / set switch count

perfmon MEITRIER TINLDIFRELLERTDEVNIFEFEHYET /& AIE
TEDOEILTT—HERILET:

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

RISHEED CPU ICRREL THREERZITLAVETY:

pfmon ——cpu-list=0 ...

BET—Y%HFBMLIT:

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

REL/z 2 DDEELELET:

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

7.5 X5 BEH

CDETIIBFEDHZFRAL TEL L LYFLWERICOWTE. EhENh T
DV EEBHRAIEIN:

VRTLDWEF A=V THAR



http://perfmon2. sourceforge. net/
7°|:| :/‘\17 |\0) Web /\o_yt:‘—g_o

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

PDF R COBMEREATT,
B8E OProfile—> X FALRMKICH ITZ3 7077175 (105 R—)

FDMOMEERBEILICDOWVWTIL, 2E5DEABFTALILIN,

perfmon2—/\—ROI7R—XDMHREEER 103
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OProfile—> AT LLEICHd
3707745

OProfile IXEIMNAR T OV S LD METRILHOTOT745TT . RITHO 70
TILITHLTCEDEEAFAEL. (BHREINETZHIENTEET INEL 15ER
IE I5RZHEBILEITRIHODEV N LTHETHIENTEET,

OProfile ZFRT2ICHT->TUEL. SYNN—SA TS EFERTBLIIBIE L
Y. AVRAIVLEBELZYTEREBIIHYFHA D—RILIIFTBEBIEELE FET
T 7N —2avaETO774IV S 55E. TA771 IV EXDaRE RENERR
ICHLYETH . BEOFERESEE THNIE, TKDEDA—/IN—~AYRD HBEFT
ER

8.1 BAHDOHE

OProfile & A—FRILRSANET —HEINETB/-DDT—EVHSERINT
WFT,ZF7. Intel, AMD 207 Oty RET S, RNT4—T VR hovd e
FEENZN—ROTT7AFERLTITARWEY, OProfile IEh—XRILY H—FRILE

Ta— )L A—FRILDENIARNY RSPV RTLDHEESATSY), ZDODT T
Dy —2av B, IRTOIA—RETO77MIVTBIENTEET,

wmLWTOv Y THNIE /X T4A—T VANV FELTN—RII7REBD 7O
T7AINEITRHITENTEF T, 7Oy OREEICELIVETA. Z<D Aoy
PREEINTLWT ENTNAVYMRRODARYNET OIS LTE ZENTEE
T EEZTNTNROADVITIH YV TIVARINTZ5EEEERETD JENTEE
T/NIWMEIFELYSERICRINT 2EKRICRYET,

RERICEROUETIE. IRTOIFERENEL-HEMESTRLRAEZFEHNEAIC
BEXMABEXEETRVWET,

OProfile—> AT ARKICHTEHTOT715
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8.2 /VAM—ILEEH

OProfile #{@HT 3IZI% oprofile /1Sy —S B AV ZM—JLLE T, OProfile 1
ZTNEh |IA-64, AMD64, s390, PPCo4 D&7Otyy ECEIELE T,

BE. a7V ROT TV r—avIii L THEEIN TV S, *-debuginfo

N =% AV AN=)LLTHELLEE BFHLET  A—IILETOT7()LLE
WIBEEEERIC, debuginfo /Ryr—U %AV A M—)L LTI,

8.3 FI AT BE/: OProfile 11— 1Y) 7«

OProfile IFEBDI—T1UT14 R IN. ThZTh7OtR07O771)L
NIBATRIEDE. ZOTATI7AIVT—I5NIBTEZEDICODNTWET, T
TR AERTHERATIZE OIS LICODVWT BEASRBALTWET:

opannotate

Y—2O—RPT7EyTVIH L TCEREREL, TA77VIERIIBOHAL
O VRTY,

opcontrol

TO77MIIbEyIavEFIE FBYEL) LY, 7774057 —9%& 5>
TLIEY RS A—=FEZRELLYLET,

ophelp
FERRERAIRVND—EE. ZNOICH T8 RRBAERTRILET,
opimport

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

opreport

TO77AINT—IDBLR— LR LET,

VRTLDWEF A=V THAR



8.4 OProfile D

OProfile (Fh—RIVETF ) r—2av Ol AETOT7AINTEET A—F
W& FO774I 925 E1E. OProfile ICX LT vmlinuzx DIGRTEIEELE
9, ——vmlinux 7723V EI/EL T, vmlinuzx DIFFT (BE THNIL /boot
A) ZIEELTEIVA—RIVEV 21— ETOT7MIVTIREN HDHE
I&. OProfile IS L THICABIBEET DR EITHYEEA L. HOHLOD
http://oprofile.sourceforge.net/doc/kernel-profiling. html (3£58) =&
ATEWTLESIL,

TNy —=2avETO7740 5 E8 BEIEH—RILETOT7MIILTEHEIL
HYUFHADT, ——no-vmlinux 772 avAIEELTIERELR BOLTHLZEAE
BEIOLET,

8.4.1 —IRK7ZFIR

E2EEHEV VTV FETTOI7AINEITEIGER. FFT—EVARZELT
F—ENEL, T —EVEFEIELTUR— NERTE. EWIBENICRYET, &
DHEELVFELCELE, FRDOIIICHRYET:

1 > )LAEREILT root TOVM1VLET,

2 Linux A—RIEFIALTTO774)L 350 ELIFRIAETICTO774)L
TEIIERDOET:

2a Linux h—XIEFIAT3O774) FTaEOdIvURERTLET. S
N opcontrol AV VRO IEEHEDA A=V 774 EFIBT 57260 T
9

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

opcontrol ——vmlinux=/tmp/vmlinuxx
2b Linux A—RILEFALAWSO77M)V FEOIOATVRERTLET:
opcontrol ——no-vmlinux

HHEBHISHDOEBERVOHEITHRFEEDICEDWIGEIL, —
callgraph # 7> av S ADEOH LB (DEPTH) %BINTIEEL
9

opcontrol --no-vmlinux --callgraph DEPTH

OProfile—> AT ARKICHTEHTOT715
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3 OProfile T—EVAREEILET:

opcontrol --start

Using 2.6+ OProfile kernel interface

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

Profiler running.

4 FIIRDEENTET LS. TOT77MIVREROT TV r—oav#g2elEd,

5 OProfile T—EvAEIELET:

opcontrol --stop

6 NE&ELKT—4% /var/lib/oprofile/samples LA FICHALET:

opcontrol —--dump

7 UIR—PEERRLEY:

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 T—EVAHIv Y NIV LET:

opcontrol --shutdown

8.4.2 ARV NREDIE

ARV NDEREZATIEI DD —EILFIRIE TFEEDEY T :

1 &8Oy EBICIE, £9° CPU-CLK UNHALTED & INST RETIRED A Ry
MefgELTERLEY,

2 RN RYIERET RO BEDARVNEIELTFERLET, AIRVED
—EAXRTTDITIE. opcontrol ——Llist-events Z#E{FL T I,

BEDARYMIFLTTATZ7MILETRWWGEIE ET ophelp AY Y K%E

FMALT. BFVOTOtYyYH ZOARYMINHLTWEHNEI D EREERLTL
7280 (FE2IE Intel Core i5 CPU TOHEABITY):

AT LDTEFI—=VTHAR



ophelp
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 A¥ VR TERLCHNABRIIENTEZLT,

LERTHRHIELTWBZEAMERALID, ——event ATV 3 VT ARVIMNEIEELTE
TLET . RB. EROA T avEiEETHIEETEEY, F/2. DA T3V T
(EARU & (ophelp TOHA) & FRENER (Y 7IL—bN) 2BELF T &
ZETFRBDOLIITRYFET:

opcontrol -—event=CPU CLK UNHALTED: 100000

$&45: CPU_CLK_UNHALTED D#REXEIMBICE > THHINBARFICOWT

BOWEBRBRTY Y T T 57058 VAT ALAICBVWARENMNTBI &I
BOTLEIIFIMBEICL>TEZY—XLTLEIZEDHYET,

8.5 OProfile GUI O fE

OProfile EIFD GUI 1%, root A5 oprof start AV R TR THIIENTE
F9 (H8.1TOProfile [EIF GUIJ (110 R—) DLIICKRFIINZET) . H&
SR LZWARY NEBIRL MEBETHNUIE A0V IEETBRLTEIVN, T5&
FIVIRRDARYMD—EIL, FEDITNEBIMINET, T/ FNODITIC
IIAN—YVIEEDLEDE. AT —YRITIINIVT Ay E—IBRRINET,
[Configuration] F&E) ¥ 7 %FATBE. /N\vT7E CPU A X TRE DA T

OProfile—> AT ARKICHTEHTOT715
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DAVRERRETD IENTELY . REIC [Start] (F1R) =109 &, OProfile
HRITITBIENTEET,

B 8.1 OProfile [a1/+ GUI
m Configuration

~Event:
) CPU_CLK_UNHALTED X Profile kernel

INST_RETIRED
TG TiSEES 5 | Profile user binaries

LLC_REFS Caunt |598500

BR_MISS_PRED_RETIRED

{UntmaskT

Start Reset sample files Save and guit
4

8.6 LIR—MDIER

LIR—KNE4 T BENIC, £91E OProfile A% /var/Llib/oprofile/samples
FALIN)RICT VT EALTWAZEER LTIV 8. YV TH
7l opcontrol ——dump AX VY RTITARITE KN TEET  LR—MI. FhTh
opreport F7-ld opannotate DAYV RTITARHIZENTEET,

oreport Z/NSA—HELTRITT L. RLAMBIRHRE BHLET /N5 A—%
ELTRATI7ANERET DL TDRTI7AIDD DBEROAZHDLET,
C++ BETEMMET ) r—2avanind 23561&, ——demangle smart 747
2avaEIFIACEIW,

[Clock cycles when not halted

[Profiler is not running

—75® opannotate AV Y RTIE. V—RO—RHMSERIEHR 2B HLFET, FL
DEHIRFA T avEI/ELTERITLET:
opannotate --source ¥

—-base-dirs=BASEDIR ¥

--search-dirs= ¥

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

-—base-dir A7 avilid. 2T I7MIADT Ny T IERL 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) & AV EXYPIYTIRELET,

VRTLDWEF A=V THAR



FR: ERAEV—ROTHERMEICDOWNT

AVINASDORBICEEA R ETDE. ZDEZIDA T av kR EPY—
20—K OIREEICE-TE EBLBICO—RAEERINYEMIN Y
FTRIEENHYZET, http://oprofile. sourceforge. net/doc/debug-
info. html ICHBBHRESFHAICRY EDLDRIENEIZDNZEH>T
BWTLEIL,

8.7 XL 51ER

COETIRRENRRIPDOAEITHRO>TEEL L LY LWERICDOWTIK. Zh
TN FEEDIVI% (FNTNHEFETY) 2HBFHmA<IEILN:

http://oprofile.sourceforge. net

7OYzIbD Web R—ITY,
RZaATIR—=Y

EBY—ILDATavIilDOWT ELVLBRANEI N TVET,
/usr/share/doc/packages/oprofile/oprofile. html

OProfile DY =a7 LA ABINTVET,
http://developer. intel.com/

Intel 7OEYHOT7—FFIF v RN EDNTUVET,

http://www. amd. com/us—en/assets/content type/
white papers and tech docs/22007. pdf

AMD Athlon/Opteron/Phenom/Turion EF D7 —F TV F v {L N EH
nTWEY,

http://www-01. ibm. com/chips/techlib/techlib.nsf/productfamilies/
PowerPC/

IBM iSeries, pSeries, 7L—RKH4—/\ 25 LIZHIT5, PowerPC64 70O
YYD —F TV FrERHSEININTVET,

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






— BN 2T L)Y —RAEE

VRTFLDF1—=vT (BEL) T A—RILDOEBIEPESHENDT ) r—
2avD RELGFTHLEHROBRWEERV AT LEBETIIEEELEKRLE
Fo TeEZIENR—F AV aVBERCTFAIN VAT LADERERETIE, H—/NOENE
EEN LYUSEEINAYTIGE’HYET T BMEZELLT—ERD
BOEBHNR FEREREDHERICHETEZIENHYET,

9.1 1Y A=)V DEtHE

AV AN=IEERICERFCREETRICET. HED BN THERT BTN
ERBHOIL, EANAOAERICERETIIENTEET  INIEVRATA

D Fa—=V TP BFEEELLIEIEBENYET , CDETIRET DA
ELZE L. ZTNTNAVAN=IVED [72I,—/LRE] TITRWET, LT
(A RAN—IVERTE ] (BB1E YaST F/FL/=7> 0=/, 1 VT7LVR) &S
FALTIEEY,

9.1.1 RN—F41>avVEilE

H—NTHERTZT7TVr—2avD&ERE N—RIVITT7ERIKELETH,
IN=T42aVFERFTVOMEICHELET (ELEVWARDAHTTD) , HF
EORBRICHLTIERRZNR—FT 4V a3V AEETRINETHB. EWNDTEIF T
DY =TI TIFELGGRBLTWERAN,. TNETNTERDEG %= /-dET
SYULWABICHREEREZETEIENTEE T EEAAMTIITDAN -V RT
L DFBEICIE. FERDESEBALTHEIIHYEEA,

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

o JcEZIEXTRDOEIIBRAET. HRAEIDTIERERERDZTARAVICOEIIET
{FEELN:

o ARLV—FAVIVRATLAEBEET =Y. QT IT7AIREIDVWT, ThE
NBRDTA AV %=FRTEEOICERETTS

o A=Y —/RDRAT—)L (spool) TaL M) & BRI DT A AVICERET
)

« A—FDR—LTALIN) E BRDOTALIMNICDESES

9.1.2 1V AM—ILDFEH

ERRIIFAIVAMN—ILOEHEZDEDONEFENICII VDML ETDIIEE
HYFEADN FERNNvr—VEHEZEIRTHIEIE TR BREERLSHYET,
H—NEFEIEBICH> T RINEDNVT—IDHEA VA M—IL LTS
TV, =Y DRIRER/NRICKRDZE X BEDFBEBOSTE®RLHD
EFD, BENREFIT(BEEEETAIEICEBINVET 2. TRThOD
H—/NICRH L TR DEREITROITET, BETIRAER Y —ERERB LAV
ZEICHERYFET,

openSUSE TIEAVAM—IL DB EEE AV AN—LEEEZHRETSHIE N T
EXT B ETIIFEDRERIFICGREIN/NY—VEEIRTBZIFTITH.
YaST OV IR I 7EBREYa—ILAFIALT /v r—J B TORRE 1745
ZEHTEZLY,

H—NRELTFERTRICH>TUL FNENTED/NY—U D REERDODNET:
[GNOME FX 2 f v 7 EE15]

H—NELTEMETB5EIE. WhipE GUI 2 EETBEIERIFEAEDYE
HA, GUI "URETHo7=ELTE., icewm ¥ fvwm 7% E LW RRFHAER
BT/ 1ZHPEYITY,

(X D7 RO R TA4]

Y—NROBEEEAVYRSAVTOT ) —avET5ETR5EFTHN
I, ZONRY—2BAVRAM—=)L LW EESEOLET =72, GUI 7Y

AT LDTEFI—=VTHAR



r—avERyNI—0 L TN (VE—RD) IV UNSREITTSE HBET
HoTH, GUI DAV AN—=IVLIIIHEBERZIEITERLTLEIY, E2E
BFENDTTNr—2avh GUI SDBIELNMTARZIBVNELIR EDTHD
7=Y. YaST @ GUI lrZFERAL7ZYLAEWEEIZ. ZD/IRY—2% (VR MN—)b
LTHENTLEEW,

LAY —7 Y]
ZDNG—=UE FDI I VDRI ZEITRIGEICOINEERDEDTY,
9.1.3 IEEDS VLRI

X Window System 23179 5&%<DEREHEBFLTLEDEDTE A, H—N
" BREIEBICHO>TUT LEMEREDTIEHYFEEA. ZDH. BFEVLD
DRTLD Y—NERTHDHE. TVLRI)L%E 3 (X Window System ZE){EX
B2, RYMNT—IHECIFI—HE—R) ICRETEIELEHS#HOLET . S
DA ZDHAETE)E—MS GUI 7T —2av B85 EIETEETL.
startx ¥V RT GUI FRY My TAO—HIOIAVE1—4 L TEREITHIEL
TEET,

9.2 RELRY—E RDMIhIL

BEEDA Y ZAR=ILTlE WOH DY —ER (EDH—E RN EEIIN DML,
VAMN=IVEHEICKELEY) AREINET . TNThOY—ERIIHIEED

BE%E HBT2EDTHALDH. AERY—ERIDVWTIFLEIETHELZEAE

BEIDODLET, [YaST] > [ XF4] > [P XFALY—EX (ZL~NN)] > [#

FEE—F] 28RL, Y—EREBEBIEE—NIIBELTLEIW, YaST DY
5744 (GUI) iz%E FILTWBIBEIF. JINYI AT IRDERY VTR E
T AR ZATRITE B TEFT . CO—ETIEIY—EANRBEATENMEHRT
HEIDEIDE Y —/RNDEED ZVILRILTEDYH—EADNBENINZDOHIHER
RINFT . EH—EROHBAAEZEAW BEIE. ZTNEFNOY—ERETIAD
ERIVTEIRLTKEIW, e, (48121 FF] ROy Yok
HEHTE, ThEh Y —EREZTCICHEBLIEVEILELIEYTRIENTEXT 18

ABICEME LEEWGEIE. (v, VUtyr] ORAOyTI OV E BEWNEX

L

T&2ICiE. openSUSE #EEEDIRETA YV AM—ILLIIGBICEMEIN S H—
EADIE, FAEERBDLNEZEDEHELET:

— B AT L)Y —RAEE
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Lal/sasound]

Advanced Linux Sound System %5 AAE T, B DBERELNEE
LW BEIFEMETHIENTEET,

Lauditd]

EEVATLAATOT—EVTY JEEEZRRELAVGEIF BTl
MNTELTY,

[b/uez-coldplug]

Bluetooth /XA ZADI—I)LRTSS (AVE1—YDERIEEINTUVDE
ICIREELTDIE) ZANBTD/HODEDTY, Bluetooth ZHFETHL
HEIE BWETBIENTEET,

[cups]
HRT—EY T, TV 958/ TRWNGEIIEWLTEIENTEET,
Uava.binfmt_misc]

*.class ¥ *jar DR TIREIND Java 7OV SLERITTE/-HDDEDT
¥, Java 7N T—avERITLAWVEEIE BWETHIENTEET,

[nfs]

NFS 774V AT LRIV IS BRICHBRY —EXTT AR THNIE
BT BIENTEEY,

[smbfs]

Windows H—/\H124t9 % SMB/CIFS 771V AT LA IV RTBDIC
WERY—ERATT  ABETHNITEWLTEIENTEET,

[splash / splash_early]
BERFDORAT Y10 )=V aRRTDHODEDTY, H—/NELTEME
I B BEITERLDTY,

9.3 V7AWV AT LETARITIER

N=RF4 221XV E1—9 VAT LARNTREBEWVWT NI RATHB=H. L Rb
RV I DRRAERYFET  EBEERNET B0, BEVDEERBICHCTEY]

VRTLDWEF A=V THAR



BRIFPANI AT LECFRELEIW, F BS%A~ oV N TYavaERLE
Y, 7OEAD /0 BEIEFEAHBZELZYTEIET. ILARZEFEILAITRIZE
£tTEFT,

9.3.1 7PMIV AT A

openSUSE XD 771V AT LERBELTWE T, ZhTh btrfs, ext3
ext2, reiserfs, xfs REEMEINTVWET , ZTNETNDT7AI Y AT ALITIEENTE
no FmERADNBFEELTVET,

9.3.1.1 NFS

NFS (/XA—=3aY 3) OFa—=vJIZDW Tk, NFS @ Howto RFa X b

(http://nfs.sourceforge. net/nfs—howto/) PIICEELUNERBADS HYFE T, .
NFS HEDT IV M TRIBRIE. YUV NA T3> wsize & rsize ZERALT,
TNTH HAEZIDTOVIH A X% 32768 IRELTHDIIEEBEOLET,

9.3.2 7/t AHAK (atime) EFR DML

774 % Linux D774V AT LDGHHFADIGE  WRDI7IIVDT IR
HEF (atime) BNEFHINE T, TDER. RAIAHDHDT IV 2R &ITIROII5E
THEZAADUEBAREETEIEICRYET , ISICEIE, Jv—FIVELEE

EDT7MIVY AT LDGEE. Dv—FIVAIEEHTINELHD/-H, 2 ED

EXAHLEBINRELEY, COMEEAEMEL. 77 ERAEREZEHFLAVLDIC
THIET. HREANEZETHIENTEEY, SNITFITT7MILH—/3% Web H—
INNRYRT—=P AR =V R EDHETHERALTWSIGE. HENREICENVET,

O ABEOEHFEEMILTDICIE, T7MIL AT LD NFIC noatime
FTavEBRELET.INETARIICIE /ete/fstab A EERE TN, B LT
YaST /8—F 4 aViEC REFILEBNETROMRIC[Fstab 7 7>53>] T
BEETRVET,

n n —
9.3.3 ionice ZFIA LTI RITI/ERADE
SENERIER E
ionice AR BEOTOCRICTLTTARIDT IR B.IE %% ET
BODEDTT  ZOAVVREFIATEZIET. FEZIEN\vITYT Uadid,

— B AT L)Y —RAEE
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FTARV BRI’ E<ERICRBOHZUNIBIST LT ARWNMEBEIBR AR ELZY T
BIENTEFY  F/, ionice ATVRIIFEDTOLRIC ML TELIEM 2SS
REULTARIADT V2 A%EIRFIITRADLARITNIEARS AR WAIEIC 5T 5
CEETEFT . ZTNTNTRED 3 BHEDODRY V21— I X P ERETDHIENTE
X9

TARI

AT T1—VERHTARIVCRESNATOERZ MOTOLINT1RY
A% BEELTWRWERICDH TARINDT I ERE(TRITENT
SEER

NARIT7A4—b

BETIE. 2TOTOERNZD 1/0 BEIBMICEREINET . COXRDT
[ ESITLRILD 0 DS 7 ETIHEINTVWT, 0 AREEVVELIE
BIICR>TWET, BEETIEZ CPU D nice BICADHLETTOERD I/0 B
JERIAEREINET,

DT7ILEA L

CORXRPICBTZ7OCRIE. BICTARIANDT I A BEMICERS T
ED TEFT,ZORPTEH, ISIC0 DS 7 FTOLARIILICHPIEINhTWL
T. 0 REEWEBEIBAICAVET  AH. CORSDEFBATE o0
TANEL FARIVIT IV ERATELRL>TLEIGENHYIBIEITEFEL
TLIEIW,

ionice ICDW T EELWIOY Y RER PERBAEFOICIE, ionice(1) dD¥=aTFJL
R=I%EFHLIEIN,

VRTLDWEF A=V THAR



HA—x)IOaAvra—IJIV—
j

A—xIDavbO—ITIL—7T (Tcgroups] EBELTRELEY) 2. 920 (7
OtR) 5FEDLYDEILZYTEIEDTEIZH—RILOMEET, FOER%
EEEETEEDT I —TELTRITEETEBRLEEATT, INSDEBE
EiE FIATRERN—RITT7PRYND—IEREEMIERTS O VAT A
Fa—=—V BT BIIRETDIIENTEEY,

10.1 R ARTER

AETETROLILAHEEFEALEY:
« Tegroupl (A bA—ILT I —T DEHTT,

+ cgroup RTIIEHDYRY (FOER) HBEEDHILNTVWT. ZNEHD YRS
FUFHIHERINT/NSA—YEEEICEMET 2. RTEDY T RT L N FELT
\'\i_a_o

o BTV RTAIE cpuset ¥ freezer ( XEYPTARID /0 REEENY LT /=Y
BRELILEYTZNSIA—YERBLET  JYU—KHNLBEZTHETZE, TEFIY
fO—F1 EMUVET,

« cgroup R AEBECHRBEEINTVWET, VAT LARICIKEROAEELE
D IENTERLIICA> TV REDRIEICHEIGT 2L ORI AEES F
H$3ZEETEETY,

s VATLRATHETZTRTDYRIIE BT WTNIHD cgroup DAREEIC
BLEY,

A—)OaAvsa—IVTIN—T

121



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 ### 1 CPU ### 2

(60%) (20%)
#t #H
#HH1/0
## (50%)
4 (30%) ## (30%)
B (20%) Wittt (20%)
HitHAHE 11O
WWW ### (20%)
#H #t
(15%) (5%)

S (NFS) (60%)

it (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 avbA—NWITIWV—THTSRT L

TNETNTROLIBYTIAT LN EELTVWT. ZNSIE 2 FBEIC 9ETBC
ENTEET:

vl b £ 27 Sm b N b

cpuset, freezer, devices, checkpoint/restart
&RavhO—7

cpu (RT7¥a1—3), cpuacct, XEY, T14RY 1/0, xvhT—74
YTORT LDV ME, FERDOEIICLTRRICITAIZELTEEY:

mount -t cgroup -0 cpu none /cpu
mount -t cgroup -o cpuset none /cpuset

—RETIAIGEIITEDLIICLET B, T /N1 RAIC (FEET none EERTE
INTWBER) DWTUE ERDEZFTAE RETDHIENTEET IITRELEL
Zail, /proc/mounts TRRIBIENTEET:

mount -t cgroup none /sys/fs/cgroup

$TYRF LICET B ENERIE FROBYTY:
cpuset (2 B)

cpuset ZFATHIET,. 7OERAE VR TLRN®D CPU DY TEYhP X
T (TABY /=R ITHKEVDIIFBIENTEEY, 2&21E 10.4.318 5:
cpuset] (127 R—=) B FHHLIZIN,

freezer (1)

freezer YTV AT LT, SHEREETE# IS ZS (HPC V5 R%) #FHT %
BRIC BRI AREEA T BRI EINAF v ORIV MIEIELBRIZS
W—TRICHZBTRTDIRI%ET)—X (B1k) IELYIRVEEAZIES
BHYUTBIEDN TEDEDTY,5ELLIE /usr/src/Linux/Documentation/
cgroups/freezer—-subsystem. txt ZHFHMALZILY,

A—)OaAvsa—IVTIN—T
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TEICRT DI, freezer YTV AT LADERAEERPTD/-HD EHAXH
BOARVRETY:

mount -t cgroup -o freezer freezer /freezer
# F cgroup %ZfERK:

mkdir /freezer/0

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

echo $task pid > /freezer/0/tasks

t 7)—XXtE3%:

echo FROZEN > /freezer/0/freezer.state

# 7U—XREERERT S:

echo THAWED > /freezer/0/freezer.state

Checkpoint/Restart (1)
cgroup IKB 929 RTOTORRIRL T TNEDIREEY Y T I771)VIC
FELEI . CNEFBETEIET ENSRTEABRATLIIENTEET (85
PARBFRICEDEFRTLRITIZIELETEEY),

Fre, MREINAOYTFH IOV BT Y VE%E RBETEIEETEE
T AREIYVTITRITEDNTEDDER U IRIHLET)

ITRTOTOACRDAA—JIF, T7MIICHAINhF T,
FINA R (D B)

AT LEEEIL, cgroup D TAEANSTIEATEST/AARIC D
TED—EBERETDIENTEET,

CHIZEY ZDTFNRARUITF L TDT V2R EIEE LK cgroup ILET 2 4
AT L TDHAEF T TBEIICHIR T B ENTEFETFELLIE /usr/sre/

Linux/Documentation/cgroups/devices. txt ZHFHEALEILN,

cpuacct ()
cpuacct I& CPU OFAE%ETE 3250 O—57T., cgroup 2FATSZ
E THRIET =T L. ZNSDTIL—TFIT$ 5 CPU EREKRAESELE

9, EEL<IE /usr/src/Linux/Documentation/cgroups/cpuacct. txt ZH5%
HLTEIN,

CPU (BIR 1)

CFS (A7 ¥21—3) DT IN—TRTTa— )LieesFALT. VIL—TETD
CPU FEHIOHEBAZITRVEY , NMRUEMANIEBEZTRVET,
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XEY (BIRGIH)
¢ A—HFRR=ZADTATFLICHLT AT DEREZHIRLET.

o A—RILDEFH/NTA—HITFF LT swapaccount=1 23§ ET5E, R
Ty T DERAEERIETEIENTEET,

* LRU (Least Recently Used; fEFRDEW) R—I%HIRLET,
« BER—IVETFAINFryabRRELET,

© A=FILDAENTH L TEHIRZTRVEE A,

« BDETHNEHDOY AT LTEHMBAINET,

¥ L<I& /usr/src/linux/Documentation/cgroups/memory. txt Z&HE5HA<
7230,

70y 1/0 (EiRH)

blkio (FEw# 10) v rO—51F. T4RA2D I/O AvbO—5ELTFET
XA TY, blkio AV MO—STld. FA RV DERSEIGA ST 2760
DR —%RETDHIENTEET,

blkio.weight D{ETEX (weight) Z5&EL. BIHDEHTIERET 25
BIFEARIT VR TERETDIIENTEET:

it /sys/fs/cgroup PID%E(RE

mkdir /sys/fs/cgroup/blkio

mount -t cgroup -o blkio none /sys/fs/cgroup/blkio

# 2 DD cgroup DELA

mkdir -p /sys/fs/cgroup/blkio/groupl /sys/fs/cgroup/blkio/group2
it EATIFOERE

echo 1000 > /sys/fs/cgroup/blkio/groupl/blkio.weight
echo 500 > /sys/fs/cgroup/blkio/group2/blkio.weight
f ThEThOJIL—TIIR/ LT, SIETICEL 70220
# PID #E XL

command] &

echo $! > /sys/fs/cgroup/blkio/groupl/tasks

command? &
echo $! > /sys/fs/cgroup/blkio/group2/tasks

TE2DAIE., blkio. throttle. read bps device T mARED LR%A,
blkio. throttle.write bps device TEXAAEDFIRETLIBEDE
AWARITYREITY:

H—x)oavea—ITI—7 125
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#t /sys/fs/cgroup I

mkdir /sys/fs/cgroup/blkio

mount -t cgroup -o blkio none /sys/fs/cgroup/blkio

L= bTL—TIIHT 2 T31 2D FEROEE; ERX:

# <major>:<minor> <byes per second>

echo ”8:16 1048576” > /sys/fs/cgroup/blkio/blkio. throttle.read bps device

EERFIEYVFIA BIMD/INSA—=FIIDWT, 5 LLIE /usr/src/Linux/
Documentation/cgroups/blkio-controller. txt ZHHALIEILY,

Xy h7—71/0 (BiRHI) (Draft)

RAEER T,

10.4 A A—57IWV—FD{EMH

10.4.1 E¢4

cgroup ZEFICFERTZICIE FEDEBM/AAYT—I%4 Y A=)l LTLEX
LN

« Libcgroupl: EREBIEAEIRILT2/-OD EAMBRI—HYRIR—Y—)LH
SFNTVET,

« cpuset: CPU Yy hABETE/=0D cset V—ILAZFENTWET,
+ libcpusetl: CPU Y h2i#E/ETD7/-6DD C 55 API 'S ENTVWET,
+ kernel-source: RF XV NEFOIGZHIC BER/NN\vT—ITY,

o Ilxc: Linux @OV +=EETT,

10.4.2 BURDOHEER

openSUSE ICAIMIN TWBH—RILTHNIE, cgroup ICHIGLTWET, 4
ISEMDBIEAERT2REIFHYEE A, Ixc-checkconfig #EITT5E, FiL
DEHRFAT cgroup DIRIBARTTHIENTEETY:

--- Namespaces -—-

VRTLDWEF A=V THAR



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

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

EDOYTIRATLADFBRRELRDONEMBICIE. FTEeEETLET:

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

ARSIV %FRTRE AL TEDLIICLET:

1 CPU #AHIBIL=Y, XEY) /—REESE LY T BIIE, ThEFh /proc/
cpuinfo ¥ /proc/zoneinfo 77(ILOHREBERRLET,

2 RIEBI771IVI AT LRHIC cpuset ADEEAERLET (IBERIE: /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—EBARELET:
echo 2-3 > cpuset. cpus

# 2D cpuset THEMAITBAEY /—REZRELFET:
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echo 1 > cpuset. mems

echo $$ > tasks

t anTH T2 "sh A Charie &EWD KZFTD cpuset 1T
#RREINES, Fae%2RTT & /Charlie’ ERRINBIETTY:
cat /proc/self/cpuset

3 cpuset DHIBRIETRDEOIART IOV RERITTBIETITRWVET:

rmdir /sys/fs/cgroup/cpuset/Charlie

EERBDITURIE cpuset BMEAPDIZEICIFERBLET . BIREITAD B
IS ENLICB I 2RER cpuset YRV (FOER) ZERYBRVWTLAEIWN, T
RBOEIICRTITRE. TNOERRTHIENTEET:

cat /sys/fs/cgroup/cpuset/Charlie/tasks

EEELDIERCEBIMDEZETISTICDOWT FELLIE /usr/sre/Linux/
Documentation/cgroups/cpusets. txt ZHEEALTE I,

cset V—ILZEFATBIGZEIETERDELIICLET:

# CPU BEXEY /—RDERR

cset set —-list

# cpuset HEEDIERK

cset set ——cpu=2-3 -—mem=1 --set=Charlie
it cpuset RCT7TAOER%EE)

cset proc —-set Charlie ——exec —- stress -¢ 1 &
it BEOTO-RA% cpuset CFBED

cset proc ——move —-pid PID --toset=Charlie
it cpuset ADY RV —EBEERT

cset proc ——list --set Charlie

# cpuset DHIR

cset set —-destroy Charlie

10.4.4 #l: cgroup

IRVRSAVEFIAT 2GS TEDOLIICLET:
1 cgroup DEEEEMRLET:

mount -t cgroup cgroup /sys/fs/cgroup
cd /sys/fs/cgroup/cpuset/cgroup

mkdir priority

cd priority

cat cpu. shares

2 cpu.shares DIEIF FEEDFDLBKRI HYET:
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1024 H'BEE(E (3L <IZ /Documentation/scheduler/sched-design-
CFS. txt #5HR) = 50% DFEAXE

1524 = 60% DFEE
2048 = 67% DfEAER

« 512 =40% OFEAX
3 cpu.shares #ZELET:

echo 1024 > cpu. shares

10.5 X5 31EHR

o A—RILDRFaAVFT—3V: (kernel-source /3vr—I ) /usr/src/
Linux/Documentation/cgroups 4L 2~ A:

« /usr/src/Llinux/Documentation/cgroups/blkio-controller. txt
+ /usr/src/Llinux/Documentation/cgroups/cgroups. txt

+ /usr/src/linux/Documentation/cgroups/cpuacct. txt

» /usr/src/linux/Documentation/cgroups/cpusets. txt

» /usr/src/linux/Documentation/cgroups/devices. txt

+ /usr/src/Llinux/Documentation/cgroups/freezer-subsystem. txt
» /usr/src/linux/Documentation/cgroups/memcg test. txt

» /usr/src/linux/Documentation/cgroups/memory. txt

« /usr/src/linux/Documentation/cgroups/resource counter. txt

« http://lwn.net/Articles/243795/—Corbet, Jonathan: Controlling
memory use in containers (2007).

e http://lwn.net/Articles/236038/—Corbet, Jonathan: Process
containers (2007).
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BREE

BREEEF ROV RTALICEITDEHZmILFE IXIILF—HEICH
MBARNEFS L, BAEICO AT LD SN EITRIODERATT, ZD7H,
BREBIIVATLICHTEZEEOEEEHEEBNDONTV R % BUWKRDD
BRBICRYEY, BRERBIE VAT LADMRLREFICRETEHIEN TEEY . 7
NARIT T ZEREIEMEAEDLRRY. TOEREEEEEISN TS AL —F 1
VIV RTLANTDAVI—T A ADEEHRIE. Advanced Configuration and
Power Interface (ACPI) ELTIREINTWET, H—/\ARICBITEEE A
FIOEYY L TRIRTEZEDTHD-H. RETIXEAENICEIEHD
DIV —ILe BAE/NSA—YDEEIIDVWT BNALTWET,

11.1 CPU ILBIT5BIREE

CPU TR R AETEREEEZFET LN TEET ezl TOvt %
—BFRICREB I 2Y (C-RT—N) . CPU DEMEREEEZE B LY (P-2AF—

N) §BZENTESBIEH, CPU DIFEERELY (T-RAT7—K) §52EHTE
F9, FEEDETIE. ZNThOT77O—FICHB I BERBE, ThoDEEM
ZERBALE T, FYUFFLWMERRERBAZ CHEDIZ S, http://www, acpi. info/
spec. htm ZHFHHLIEI,

11.1.1 C-RF7—bM (FOky 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
l&. Nehalem EIEENZEHEDTOEYHYHOFATES 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,

KI11.ITC-Z7—h] (132 R—=2) TIE —BBYICERAINTNS C-RAT7—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-A57—b (FOky Y DOHEERR E)

Oty EERREICHD (CO RT—NK) FE. CPU ICKLTHERESRE (P-R
TF—N) ATRHITENTEET, C-AT— M FHREEAZTETIDICH LT,
P-25— b |13 CPU @ BMERIREEEEICRTHMREREATRVET,

PICRHKEBEL A ZINITKEIVZE SJUBVREHREBVWEETTOEY YA
BETB2&ICRYET F PIHKBER 7Oy YEEDEDT, ENEF
DREBEHEBEICARZOMNME, TOEYHICE>THALATT 2L PO IEXBICES
DHBEAIRMIZREBEIBELE T, F/o. P-AT—POFEAKEZFNITKEWNZ
ETOEv Y OFRENMESCRY, The EEICEHEENIKARYFET EAIE
P3-R7—hMIH27OtvHid, P1-ZAT—MIHZTOEYHICLL N TEMENE
LEBIBEBESNIRETY, £ @500 P-R7—MNCEMEY 2121, 7’0
YU DEERTHS CO-AT—FTRIFNIEBRYF A BB, CPU D P-27—
M & Advanced Configuration and Power Interface (ACPI) {£#k (http://
www. acpi. info/spec. htm) THREINTWET,

C-AT7T—h& P-2A7—MIZTNTNRII LA T,

11.1.3 T-A7—b (FOEy Y OEERE)

T-27—heE. 7O ORE EREFH<HICTDEMERIRE%E<TS K
RBEZEITEETT. CNIZEEDEIET CPU OEIMEZEHIMISRERIES 2&
TERLEY IR EIE TT (CPU 1T L TREIAY A SR 21T RV VRER)
5 Tn FTOHEDFEELTOT. TNEh n OBUED KETNIEKREWNZE R
B BEENREABRYIT,

BB BERE TIIEEDRHEZITAII LR CPU Z—ERE L IF RIS
5 A THDH B ET T TEETOREIRRZIEN BENDEND
BHRTIHERICRDIEITEFRL TSI,
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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 54—

HBHEENS, CPU TOEFEEE RO F 21— 7 d, BT EREHIE 72
FTDETIF R A>TLEVE L LW Oy OIFE. ZHITINAT HEE
ABEHOEAICDWTNS Y RERDEOICEWRY) —TIREEEREED BRI
FENMERAIN GEICL > TULIARENE LIF258EH5LOIC BYFELL &
D AMD* &L Intel* Oty H Tl ¥—R#EEE (Turbo CORE* ¥ Turbo
Boost* EMIENTWETY) ARHEIN FFED CPU O7 D REIRE=ENBVICIEIN
IEZ—A. ZOMDATELYENR —TIREIC BITIERLIIA>TVE
T, INUTEKY . BMRRALY RIS T2 MEREE LIFRZENTEE—H  RERETE
71 (Thermal Design Power (TDP)) Z#:f §2ZENTEBLIITR>TVWET,

L LadtS, EO CPU 729 —RigseaFI L TREREE LIFR0MC DL
T T —F T F iR EURAF LT, LS BHBEEEMITER TS 200
FEICDWTIE, 11.3.18 Tcpupower Y— LA (138 R—) A HHH<

EEW,

11.2 Linux 71— @D CPUfreq 17
SANSIF v

IOy OMRERE (P-R7—N) 7Oy DEMERE (C-RT7—N) &, Z
NENTOEv 2R A2BERRBICTIVE ALY BIRHEEINZA57-0IC
BEEZRAELLYTIHETT,

AT LOBFEF. BNICTOv Y ORRHEZE T 5I1CH7->TE. CPUfreq
AV ISANSIFvEFALT. BNELITFNAERR) O —%2KRETHIED

TEET, ICTFEAINSERIVAR—RVME CPUfreq H 7V R 74 (A—LAR
IWDRMAFEDS NALNILDRY D —EEICEDEFTONANR (V49—
ARERETZHTORT L) DIFHN A—FRIVABDFESS (Fre/k HIrR4ET
CPU DREIRMAEZE T BRI —R—ADFER) Y. TN5DOEAMIC T2

728D CPU BB DRZANRENHYET,

VRTLDWEF A=V THAR



BFEEZHMIGRE L TREEZRETIETEHRBNEZRRTHIENTES F
NREREBERSTIELTEEY,

11.2.1 A—RIVHAEORESR

HoHMLHARIN/ CPU BRHEIEIDARD 1 D2ELT. A—FRILHBED HE
2 (ANF—EERVEY) 2FHITBIENTEEY, CPUfreq D SAEESRIE. F

BB OLEREAENDRABRETHIBRICP-AT—aFIE LET, BB EEESS
&, CPU ICRL TR EEINZMREAN -3 85 H T, BIMIC CPU DRERE=Y]
UEBZFET, INODREERIIHRITA X% THOTHIMWARAITAIZED

TEDLIITH>TWET,

CPUfreq 7Y AT ATIE, PR DR ETHIENTEET:
MREE R ELEAEE SR (Performance Governor)

BABRDMREZRIEY S/, CPU OBFRIRBIIESEICEEINET,
ZDH, COFAEBTIRABENADERIIITADNAENEVNDIZ &I BYFK
-a_o

Fa1—=U AT ay: RARENMEATIRROBERMEEE RETDIE
DNTEFT (Fc& A cpupower AV RSAVY—ILEFIRLTITROITEDLT
TF9),

ABEHEHREAEEST (Powersave Governor)

CPU OFBMERRMIIREEICEEINE T, CORAERIK. FOtvyHD &
FICEARABRLKERBANBEEINTEREINRLWNIENS, HEEEmADREN
ROAIKERETIHEESRICRVET,

2L OB EFHLTEHERYDEEN AR TIRWVGES HY
F9, NIE—BHC, C-AT—FEFIALZ—BERIEDIFOINLY LVWEE
NEERIRTEELHTT  FL BAENERUEFARRZIHELT SMERER %
R/NROEICEET 2 TNEFTRERNEBAITRIDIC FEALSHI MBI
ENRBI=D VAT LD C-AT—MIABZETORES R<ARVET,

FaA—ZVTFToay REBNMERIT IR ORRBEEZRET S &

NTEFY (F2&ZUE cpupower ARV RSAY—ILEFIBALTITRIZENT
xFY),

BREE
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FrTrF< v RBEIEREESS (On-demand Governor)

BBIC CPU BMERRB AT 2 h—RIVERR)—TT FEERIT 7

Ay OFERARZERL FEDOR (LEW) EZBASERESRD BIFL.
FRAARAEADRRBICKRELE T ERAEIMFEDREEZ TEZE. F

Rz 1 BRETITET SSIERARMEVWEITH25EIE. RIMEICEDS
FTERENICARBZ T RmITET,

openSUSE TlE. AV 7YV RBIDAREBZ MBI EMBEICA>TVT, o2&H4£L
TANEINTWETY,

Fa—ZUJAToay: ARBINERT LRSS, RSN FRRE

FrvII28E. BLUHABRETROIBOFERAROBREEZETNTNERETS

CEDNTEFYT  FeA VTV RBEEFEESITIE, ignore nice load &FEET
DIEEAETEZIEE TEXFT . F LT FIE11 A0y FERARICEITS
nice (EDEH | (143 R—) Z#BHALIEIN,

{RSPEUEAZEESS (Conservative Governor)

CDRERIIA VTV REOEDITB A EA T, 7Oy OFERRIC K
CTaERBEBERELE T, 2 LEK A EIF51568101E. LY REA

EEATAEILIICHE>TWET, 7Oy DFERENMEED BEABAS

E (AT RBIOARSERMNITRILOID) ICIKHRKEEZ RETDHIEIE

ORISR ETRERBWVWRIEBHARET 2LIICR>TVET,

FaA—=TFToay: REBNMERT I ARMEBE S AESRNMEREE
FIvI TR ERXORIELARBORERMBEINENRETS I&
HTEXY,

11.2.2 BBETZI771IET1LINY

BEVDYRT LT CPUfreq 7 AT LNERMIEINTLNIL (openSUSE
TIBEETEMEINTWET) ., /sys/devices/system/cpu/ T4LIMNJLLTF
ICBET 771 TALINIDFERETBIETTT, EL.IDTALINIAD
ABE—EBRTIDE, cpu{l..x} EVWIBTFTALIMNIHAE CPU ICHLTEE
LTWT ZNLUAICE WD DIT7MILDBEETDIENLIYET, ISIT %
hFho7Otyy OFALIMNJLLTICIE cpufreq EWHIYTFaL UKD 17
FELTWT . ENEN CPUfreq ICEAET 2/ A—FREAITTROITEDN TEDL
NI TVWET, ZNSDIBEDW DML (root T) EXAHAH AEET, ThlL
HEFHAAABERICR>TWET  BEVD VAT LT Y TIVNE BEBFPR

AT LDTEFI—=VTHAR



SPRIEESSAFALTWAIESIE. cpufreq LTFDFALOR)IC BB ED
YITTFALIRN)DEFEIELTWET,

i oy HicHd3REEBICOWT

cpufreq TAL VN UL TFICHERETZHRERG TOEYHICI>TERYET,
FTRTOTAOEYyHICHLTRLUR) > —% BRELIZWHEIE. ZThEThoD
TOEy Y RICRSA—YEFAERTINENHYET, BH IRIEDERE (/
sys/devices/system/cpuk/cpufreq 4L N)R) ZFEEXTHELEY
EELEYTERDYIC, cpupower Nuir— 2FIATHIEABEOHLE
ER

11.3 BREAROREDOHEK ER/
Fa—=4

ERBEROBREICOVT. BAELEE, Fa—=—VJAaTa5ICE, Faeoavw vk
SAVY— LA FATEET:

cpupower *Y—JLD{EHA (138 R—)

FHUIREINB LIS cpupower W—)LiZ, WROTI > THER
g7 £2T? CPU BIREAMR®D /XS A—=HIIDWT, Y—R (FET—RHN)
REEZEOCHEARRITES LOICEFHINTWET . INLDY—ILTIE
CPUfreq 17 27 L% cpuidle 7Y 27 LD A, B EEH P &R
REREIIBRDBRVWEREIC DWTH, FIfEIEITARIZENTELT . ZDLIRHE
ERIL—LT—0D THIMHLY, A—RIVEED/INTA—HEN—KRITT
DIREHBIHROMAIC POV ERATED /O HEEEEDR Y FI—I%TROID
IER LA RO TVWET F e Y —RIRECEFRREDKFEE R AR
RBEEEEHVET,

powerTOP ZFIFALEHEDELR (141 R—2)

powerTOP (IHRARIFBHBELNSDIBFHR (FTOT LT NAARSA /N, H—

IV A T2ave, 7Oty DR —TIRENSDEREIYAHICDOWT, Z
D EVEERDOWTIER) 2l EDLE, 1 DOBERNICKRRTEIEN T
XEY, NICLY. FTREICEVWERHEEICOVWTIRRAZRE LY (& A,
70yt DOR—TREASFRIERL WS TOEREZRFARLY) $5IE
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DNTEBIEN. INSELOETEDDI AT LEREDRELICDOVWTERIE
= TVWEY,

11.3.1 cpupower *Y— )LD EFE

cpupower /Xy —T% AV ZAN—)L §B&, cpupower THRFZD YT IT U N%&F|
HTE3LIC YF 9,2 L<IE cpupower ——help THRIRIND AT ELUE
— e~ =27 )L _R— man cpupower DN ZFHTIAVVROTZATILAR—Y
man cpupower-%# 7 7 v > N HEFHEMLIEIL,

cpufreg-info %> cpufreg-set ELTEALTCWOaY U RIE. ZhEh
frequency-info & frequency-set DY T ATV NICEZIHZI B ENTEET,
2720 HOHRBEDERIN TWBIED, SCEPEHEICODWTETDEELH S
ZEITERLTLESI L

cpufreg* & cpupower DI ZEDE

¢ OYVN%EAYTS CPU HESZEBETIHE. WTNDITURES ¢ #
ToavaEFERALET. ALY TOTUREEIC LY, —¢c AEIREBEFR
cpupower TIXFER>TWET:
cpupower —c 4 frequency-info (cpufreg-info -¢ 4 *ELCEKICARVET)

cpupower Tlk -¢c ZFIALTER 95 CPU 28 ELE T /&AL TFEEDOY
VRTIF. FhEN1,2,3,5 D& CPUICKREABRATIEKICAYET:

cpupower -c¢ 1-3,5 frequency-set
« cpufregx & cpupower & -¢c 7/ aVE L TCEITLIIGE. BIMENRERYET:

cpufreg-set Tld. BEIBIIC CPU 0 I3 B0IEE L TRIRTBDITH L.
cpupower frequency-set TIE2T®D CPU IC T HNIBEBRIRLET F /-,
cpupower *info AY Y NITMAEIBELRWGEIX, CPUD ICOATIER T35
DI L, cpufreg-info (L2 TD CPU IC7VERX LET,

11.3.1.1 cpupower ZFIF LB EDHEER

cpufreg-info &E UK. cpupower frequency-info CTH.H—RIVNT FHI
NTW5 cpufreq KM/ NDIREHERERRTHIENTEET, INICIAT,
cpupower Tl BIOS TH—RHEEE (T —AMEEE) ICRHIGELTWSHEIHERT

VRTLDWEF A=V THAR



FBIENTEET, WA TLavEIRELAVTEFLAEA HHRTROL
SIcRyYET:

A 11.1 cpupower frequency-info DH 775

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 limits: 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 BREMEERILIZWIEEIE, cpupower -
c all frequency-info &EFETFTLTLEILY,

11.3.1.2 cpupower ZRIA L h—RILRITFRBOR
N

idle-info 7YY RTIX A—RIVRTHEAINTLS cpuidle RSA/NICE
THMETBEIRERRTDIENTEET, cpuidle H—FIL TL—LT—VIH
ITE7—FTI9FvTHNIE. ETOT7—FTIF+TEE LET,

#1712 cpupower idle-info DA 5]

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
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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
IDEFMTEIEETIET, Fl 11.3 (140 R—2) OFITIE, 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 ZFIFA L/ EEXE

cpufreq-set &EIFKIC. root T cpupower frequency-set %474 BIET.
REE EEETHIENTEET, CNICKYARSENBIRTZ2ERER/IND
BiRE % SRETDIENTEBIEN . FILWARBREERTHIEETEET,
Frh-c AT avEFERTRE REAERTS Oty % BIRTZIEET
FFEY, INICLY BEROTOEYHITHLTOWBWERRTE §52&R.2TD
TOevHICHLT—R/B TR —%RETEIED TEET FETRERA T

£ avIZDWT B L<IE cpupower-fregency-set D=2 7L R—J £ L<IE
cpupower frequency-set ——help TRERINIANILTAvE—IBFHHLEI
L,

11.3.2 powerTOP %FfIFA L= EBDEE
3

JATLADERHEEELERTI-DILHBEFRY—ILELT, powerTOP &
WOY—ILEHYFET DV INIIT7IE. FAEICEEREZ HELTWSEREA
ERBIENTED (2137 y U A —BEMICIRIELTWS REN S, ENEIR
EBICRLTWAELATOCZAOREAE) FM. INSEBSCIHIC BRAITREY
AT LR EDRBILREEITRWVWET, RB. powertop /Ny —Ild Intel BLY
AMD Ol 7Oy HICHIGLTWET,

powerTOP (R4 RIBRELNSDIFHRAMAEHET 1 BEICKRRLET
(7= TATS LT NAARSAND D A—FRIVA T3y, —BK1E
RENS BEREICRLTWSTOERAE) , #111.4TpowerTOP DH 5

Bl (141 R—=2) TlE FIATRERIBERDB|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—=v7F+Tay

TEDEIVaVTIRRELTEWLIEINEYLWER DN REDREICD
WTRRRTUWETY,

11.4.1 P-RAF—bMAFOFa1—=V7F 73
v

CPUfreq ¥ 7Y RF LTI, P-ZF—RAIFHIWK DD DFa—=v T A T3y
DNRABINTVEY BALABHEADYPYEZZITAITENTEZEN EAT
2 BFRRBDEAEER/IMEZRELLY, AR EDFM/NNTA—5%5%
ELRY §22EETEEY,

SRATLRERICESBRARERRITUIVE Z WG E L. cpupower frequency-
set AXVRNIC -9 A7V avE[FIFTEITLET  LEZAULTERDIATYUR%E root
TRITITS & AT VR ORESRABMCTHIENTEET:

cpupower frequency-set -g ondemand

BRI YN IV ETROIZRERABSROEREEHFFLIZWESIE. 11.5
H IEREBTO771IVOEREMER] (145 R—) TEHEALTWS pm-
profiler ZZFALEI LN,

FAEENFEATIHERRBMOEXEER/IMEERZRELLWGEIX, ThETh -
d¥ -uAFavaERELT R1TLET,

cpupower *° cpufreq* TERETES BEUMIE FAEBRDNSA—9EFF
ETHETLHIEETEFT  E2E 7Oy FEREICE TS nice [EOE
] (143 R=2) REHLPHYFET,

FM11.1 Oty @EHFICEHITS nice 1BDEY

FU TV REIDRFRIDFRESGAFBELTWSIGA, ignore nice load &EMEX
NBNSA—HEERTHIENTEET,

7O RITIE nice [EEMTEENBED R EINTWET, CDEITH—FRIL BT
FRAINSET. OTOERICLRTENLFOTOYHERN RETHD

BREE
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http://www.lesswatts.org/projects/powertop/

DO ERLTVWET, LY KEL nice B (MTnicer] EEPVEY) (FE,. 7AERAD
BERIBALIFE<SARY, TOERICEZO5NS BRENSDRLABYET,

IV TV RBIDRTFEDAESZZFIBALTWNSIESE, ignore nice load /35
A—H% 1ITRETDE, nice fHA O UAIEREINTWSTOEZD, Aty
HREDERFERELTHIVININARWESICARYFET, MIC ignore nice load A°
0 (BEEME) ICRREINTLWRHAIX. IRTOTOCRNMERAFEELTHI VIS
hET, ONRFA=FRF. TOEvHDEREAXIEE T OEREEEIE
TWBEDD, INSIFFAEZDHIM AN SHA LIEWEEICERNRHEEETT,

1 FFRETROLIICLTCREALTHLIZWRAZESROYTTALIMNIC BEIL
E3

cd /sys/devices/system/cpu/cpud/cpufreq/conservative/

2 IRTED ignore nice load DIEAFEER T BICIE. FEEDLIICETLET:

cat ignore nice load

3 TICEELEWGEIE, TEROLIICETLIT:

echo 1 > ignore nice_load

EVb: APICRTIREORMICDOWT

cpul ICXFLT ignore nice load AR ELIGEIE. FHRYDELTOIATIC
TLTEHEBEEMICREICENERINET, CDGE. FEBRD/ISSA—F%
ZAEALAW Oy LTI LT, LEROFEEARYRLIZYTINEIL
HYFHE A,

AR RRBEEICE > TBIZRIINDIMREERKIIDOVWT. £ DEETD &
BNRSA=HITE BTV T L— GAERIIRED CPU &AL, 7O
Ly ORI AZETHER) H*HYET COREDBEEMEIL BIOS IZ kiEL
TREDET. TEBRYBEWMEERELTLEIVHFILW RTLAD H5E51E. BE
ECHEYIBMENREINTWTC, FEETREIZIVEIHYFEA,

11.4.2 C-A5—MAGDFa2—=JF T3
v
}ETIL openSUSE (L@t)74: C-AF—h&ERLET ., RBILEITAIIC H

o THE—SHEE T RX/NS X—4 (L, sched mc_power savings D/SSA—FTT,

144 P RTLPHEF2—ZVTHAR



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 (BERE(E) ICEREINTWBIGE . FFRIRRYT
Ja—) 7 TRbhERA, T IREINTWRIGEE. AT V21— TRTOD
7Oty /LTH LT DERES XD TIEARL TEBRY DLW TO
YT UBETREIELFT, TD/NNSX—HEETETSICIE, FEDFIET
ThnEd:

FUT112 I LTDITAEIDITS 2—/
1 O YRSAY LT root ICHIVEZZET,

2 sched mc_power_savings DIRFERMAERRTZICIE, FEOIATVREAAL
X9

cpupower info -m

3 sched_mc_power_savings & 1 [CERE T BICIE FEDITYREANLET:

cpupower set -m 1

11.5 BREBO771IVDIEREE
35

openSUSE TlE. pm-profiler EMENZH—/NEDY—ILAREIRT W
I, CNIERET77MILEFIBLTEEOEREE#EEAEMICLEY EW
ICLEEYTBRVVTRDAV IS RN VF T CNICLKYRAS TOT7714)L
HEERELBIZDEREETI7IIVRICRIFTCTIZBLIICRYEY, HrLLWSO77
AIWEVERR S BEDHRTEDHFIL. /usr/share/doc/packages/pm-profiler/
config. template (CEEEINTWEY, HFICIE. 7OT77/IVATHERARTELRS
BDNSA=4 BEDPNTVWDIEN ZThOEDFERAECPZTOMDORF XY FT—
2aVAD YO AAVRNTEINTOET BB MERLAETOT71IVIL /ete/
pm-profiler/ RIIRIFET ZIED Y RATLNES §EBICERINGZARETO
J74)iE., /etc/pm-profiler.conf THRELET,
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FMFT11.3 ZBEEEIOA771/NDIEFEETYEZ
FHLWTO774IEVER T DICIE, FEEDOFIETITRWET:

1 /etc/pm-profiler/ 4LV KNYRIT, TAT7MIL BDOYTF4LIKN) %/ERK
LEd, FEBeDLIITEITLET:

mkdir /etc/pm-profiler/testprofile

2 HLWTOT7MIVADIT7AINEERTDICIE. T TOT771IL O % L
HERLI=T4LoR)IcaE—LEd:

cp /usr/share/doc/packages/pm-profiler/config. template ¥
/etc/pm-profiler/testprofile/config

3 /etc/pm-profiler/testprofile/config RDEE%E REL . FELET. A
B AEREHUCOWTIIBIBRTZIEETEEY, HIRRLABEIZ. 2D ([I6
BREINTLWAW) EDELTHRLN. 3%E T2 JZERBIIAEEREINFE
Ao

4 RIC /etc/pm-profiler.conf Z#RELZF Y, PM PROFILER PROFILE TlE. >R
FLDFCENFIC BEAINSO77/ILERELT T AEIEELARVEE L.
BEED Y RTLFITH—RIVERENMEBINE T FHLEKRLEETOT774
IWE FETEEIICTRICE. FEEDLIICLET:

PM_PROFILER PROFILE="testprofile”

ZZTAATHTOT771IWVEIE. TOAOT7MIVDERET7A I D/RZIEEIC FIFA
L7=%&%"i (/etc/pm-profiler/testprofile/config) &E—ELTLWAIFhILA
YEHARB. /etc/pm-profiler/testprofile/config NTHEE L7 NAME
E—HITBEHNEEIHYFTHA,

5 7O771)VEBMTTBICIE, FEREDLIICETLET:
rcpm-profiler start

7=

/usr/Llib/pm-profiler/enable-profile testprofile

FNEFROTOAT7AINDBET7AIVICDOVWTIE, TT49ETHER LY R
ELZYLARITNIERYFERAD., 7O771ILETYE ZZEZICDWTIE YaST
MOITRITENTEEY, [BEREZERE] =RICIE, YaST Z&& LT [>X
FA] > [BREEH] %EIRTZH. ELLL root DRENS, AYVRSAVT
yast2 power-management #R{TLE Y, KOYTF o Y AMIEFIATRERTO

VRTLDWEF A=V THAR



T7AIDBRRTINET, BEOTOT7 74 X VAT LADEEEAEFDEE
ZFANDEKICARYFT FRELZWTOI774ILEEIRL, [£7] ##LTL
FEEW,

11.6 b7V a—5FT4>9
BIOS A7 av A EMICARS>TVETH,?

C-R7—MP P-A7— 2EAT2FEIE. BIOS A7 av AL TKES
(AN

o C-2F—NMA&FIETBICIEZ. CPU C State BED AT avnExhiC
RO TWBIEARERLTEIWN,

« P-27—M¥ CPUfreq DFAEE R =FI 9 5IZId. Processor
Performance States EDA T avh BiIL>TWBIEARERR
LTLEEE W,

CPU 27y /7L —R$ BRI BIOS ICOWTET YT T L—REITRD BE
BHEINEINEREIT2RELHYEY, BIOS (FFTLL CPU % 5858L. 7l
AR ABERIREEA R —T AV T AT LMAISET BENHBHT
ED

CPUfreq 7Y AT AIZEMITHR>TVWETH?

openSUSE TlZ CPUfreq Y 7Y AT AIZBEETEMICREINE T, 47
SRATLDEITIEOTWBDEIN R T HICIF. BEVDIATLT T
SERDNRADNFEELTWENE IO EHERL TS/ZIL: /sys/devices/system/
cpu/cpufreq (BEVWD I AT LD IILFIAT7THDHEIL /sys/devices/
system/cpu/cpux/cpufreq) , cpufreq T4L VNI FEZELTLNIE. BT
AT LIE BRICREINTVET,

A7 774 VICAMIEEHEINTOWEEAL?
F9'1d CPUfreq Y7V RFLEEDOTH AN RN EID, syslog (BE
I& /var/log/messages) ZFEERLE T, IS RRNRIS—LIFHNHEAIN
7,

BFEWDTI VT CPUfreq U TV AT AILDWTRILADBEENFEELT W
5% BMOT /Ny THAEBMEE LTIV, INEITADICE, &

BRE
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FEFD/NFA—4 T cpufreq. debug=7 ZBMNTSH. HLLIE root TFEED
OV RERITLET:

echo 7 > /sys/module/cpufreq/parameters/debug

EREEITTDE REEBEFIC dresg RICHHTIC RIIDFLWERNH D
INBIDICARYETT 2L L LR DFIRTIE TRAHNDATADN B0,
AYICENRELLIGRICDOAERTS CE2BBOLET,

11.7 IS 21E8

s BROFEAWEREZWNEZTZ/LODIAVR—RYMIDWT, 3 DOEHID K
INDER (REE) B TFED URL TREAINTWET:

» 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 Lnxw03

« 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, Linux VAT AICBITBZEAEHPERWE
D WELARIRTZ-HDDTOYTINTT, TAYTIMD Web R—Tid
http://www. lesswatts.org/ ICHYFET, H&ER FAQ U2 avid http://
www. lesswatts. org/documentation/faqg/index. php IC HY., EFLEV N
ERELBHINTWET . 2EB. CPU LRILTDEYMIDWTIL http://
www. lesswatts. org/tips/cpu. php ZBFA<ZILY, powerTOP [CDWTIE
http://www. lesswatts.org/projects/powertop/ ZEHFHMALIEILY,

¢ R=ZR—=RIYR—I AV IV bO—F (BMC) DEBHINTWDI TSV T4—
LD FE Y —ERT Oy RBATEMOEREEREA T avil7it
RTBIEN TEET . INODRERFHETIEICELRDEDT, ZOHAAR
TIEERBAL TWE R A, T2E AL HP Proliant Server Power Management

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
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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/

on SUSE Linux Enterprise Server 11—Integration Note Tl&, HP 1t ®D
TN 74— LEBDER EEMEEEES. Linux A—RILDBIAAEICOWNT
BEAAZEANTVWET, ZDXEIL http://h18004. wwwl. hp. com/products/
servers/technology/whitepapers/os-techwp. html (ICHYFET,
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BROHA—XIVI—=V30 DA
AN

openSUSE Tld. A—RIICDWTHEBDN—2 a3V ZRAFFICA 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
EEATROITENTEET, COMBEAFIRTZ5E8IE. BHY—I (&2
YaST AV SAVEFCEHR7 Ly 2FAEY, TRl rnd FIETEEET
o TLEIL,

S YR—MERICOWT

ZEETAVAAIVLIEA—RILP H—RR—FT 4 MR E T2 h—F I %
AV A=V LIGE Y R—MEFIN KON B EITEELTLEIY,
openSUSE ICARIN TWLWBH—XRILE, openSUSE EIFICIRHINT
WEEHFOEHF v RILHSDEGYDHD Y R—INTFRTY,

EVh: BEVOT—,O—FICBIFRO—RIVEREDHRER

BEOO—RIVEAV A=) LIzhEE. BEVOT - O—Y DR EETE
L. BEDEFHIEEIELLREINTVWEIHNEINERTEIEEBE
HLET, FLILIE IYaST #FBL/-T7T— A—Y DR E] (BB9ZE 7—
AO—2"GRUB, 1) I77L Y R) HEHmMLIEIV, FIL{H—FRILEAVR
N—=ILLGEICBEETCEBMINSITAZTELAVL BAIE FLLWA—F

BEDOH—FIVN=3>y DAV A=)
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IWBEAVZAN—ILTBHIIC /etc/sysconfig/boot loader DERETEAZELT
23V, ZOHICEET 5L I8 [/ete/sysconfig/boot loader 774
V] (BB9ZE 7—AO—4"GRUB, 1) 77LVR) HHimIHLIEIN,

12.1 BEN—JarWiboEMbEER
€

YIRNIIT IRy —JIC DWW EBHON—IaV AFERFICAV AN—ILTED 4
BE (WILFN—UavHR—N) IEETIREDICEREINTWET , IhE B3RbIC
BRET BT, FERDELIITITARVET:

1 root TEEDIT19%FIEL. /etc/zypp/zypp. conf 7ML =FEXFT,

2 multiversion EEANNTWAITICREILE T, IRTOA—FRIL/AwTr—I(C
LT RIVFN—2a v Ee = BRICERET 2ICIE. FEDITOIAXAVRNT UL
XF HEHLET:

# multiversion = provides:multiversion(kernel)

3 BEDH—RIVDIRER (FL—N—=) ICBRELTIILFN—=I 3V HEEAE R
IZ R ETBICIE. /etc/zypp/zypp. conf AD multiversion A7 aviiwL
T, FERDIIIINY =25 HVIEYPUTIRELET:

multiversion = kernel-default, kernel-default-base, kernel-source

4 REICT7ANVEFRFELTRTLEY,

1ﬁ2.1 1 READH—RIVICH T2 B EIHIBRE

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,

AT LDTEFI—=VTHAR



1 root TEBDIT«4YEFIAL. /etc/zypp/zypp. conf T7AILEFRHEFET,

2 multiversion.kernels DXFHNAERIEL, FEEDLIAR TOAXVNEHALT
FFoavaEBMICLET . ZDA T avidhoyvw RUYYO—ET. FhEFh T
SBDELOIBEETZATEIIENTEET:

2.6.32.12-0.7 : 18ELIN=2aVBESDOA—RIVERFLET,
latest: £Eo&EREQN—2avBEBSDA—RIVERFLET,
latest-N: N BEICKZAN—I3VBSOH—RILERFLET,
running ERTHRDH—FIZRFEFLET,

oldest £o&EH/NIMRN—TU3VFES (openSUSE ICAHHINTWS AT+
IWDA—FIV) BREFLET,

oldestiN N FRICHWAA—avBEBSDOH—RILEREFELET,
TeEZIETRDEIICEBLET,
multiversion.kernels = latest, running

RHOA—XINEBERTPON—RIVAERZFLTT, CNITELR /N—
Tav DAL EMELTLE LB EEIRERY, BIIFCHWNMEID
A—FRILDBIRRIN VI TS, XEDEEEZEIC HNMEODH—FRILH
HIf& INaEIICRYET,

multiversion.kernels = latest, latest-1, running

HLWIIDS 2 DDON—=U3avDh—RILE IREEITHOA—RILA
RELEY,

multiversion. kernels = latest, running, 3.4. rc/-test

BHOD—XRIVEREERITHDA—FRIL.ZELTS3.0. rc7-test EWNH/8—
JavDh—xIVE EEFLET,

EVh: 70 OA—XILDOEFFICOWT

FRRIBAEMRE, RTH OHh—RIVIE RFEFTDLIITRELTES
Ly,

BEDOH—FIVN=3>y DAV A=)
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12.2 YaST 2RI A L7-EBDH—F IV
IR—=Jav DAY A=)V /BlkR

1 YaST %#&EL. [VYI,DLTT] > [VIAOTTEFE] % ERLTYIRNIIT
EEEmERTEY,

2 BRON—UavhREIN TV IRTONYT—VU%RRTDICIE, [F
] > [Nor—20 0= > (8N —25D/Vwr—2] BRIRLET,

B 12.1 YaST VI, DL TFERE - e/ \N—> 3057

FrEAIE) Awg—¥ () REG JRERED FFrar(Q) THLBHMEX ~LT(H)

ERM v | #FE) RPMIN—F (R) | A¥RR—ILOBME () | er—SYL—7 Q) A
Ry =S —7 ~
- Vil — e A2 AR—ILia (7] 2
XFCE FAZ kv :| iscsitarget-kmp-pae Qpen Source i~ (1.4.19_k2.6.37.1
' _ :| iscsitarget-kmp-xen Qpen Source i~ (1.4.19_k2.6.37.1
EDMDT AT T [] kernel-debug A—FADF4- (2,6.37.6-05.1)
E :| kernel-debug-base A—FNDFE (2.6.37.6-0.5.1)
\‘ kR [] kernel-debug-devel A—F)EYa- (2.6.37.6-0.5.1)
\E wm, a4
A5 EEY—L [] kernel-default-base B —FIL - (2.6.37.6-05.1)
— o [] kernel-default-devel A—FIEYa- (2.637.6-05.1)
m A—hZ{€—ax [] kermnel-desktop-base Kemel optimiz- (2.6.37.6-0.5.1)

_ | O kemel-desktop-devel A—FAEYa-- (2637.6-05.1)

40 EF¥a)F1 [ kernel-devel Development f- (2.6.37.6-0.5.1)
L :| kernel-ec2 The Amazon E--- (2.6.37.6-0.5.1)
= AR [] kernel-ec2-base The Amazon E-~ (2.6.37.6-0.5.1) |
/1 :| kernel-ec2-devel A—FINEF¥2- (2.6.37.6-0.5.1) ~

whT— =

@ Fobv—5 <C ] <>
W ronrn—7 B | mEF—s @ | wEEE | v | sron—8 | < >
(o) -

o ERINB V- kernel-default
r + openSUSE 11.411.4-0 @it 0B ASRETNTVWHESE 99 /R

@ SRDDur—Y 0penSUSE-11.4-Oss A5 B Eh TV B EHE 99 /Bl openSUSE |
-

o WAL LA Sdr—37 openSUSE-11.4-11.4-0 »5{EHShTWSEERE 99~ Hilt openSU!

1) WEA—Tardier—

< <>

| ‘ TARTHNwsr—

<>

Frril (C) TR A

3 Ny —V%ERL. ETORAT W—23>] §T7% #RLEY,

4 Ny —V%AVAM=LTBIUF. ZTNENDF VIRV IRICF IV %2 AN
FTJMBOFIVIT—IDRIINET,

BEICAVARN=ILENT=/\wr—Y (ABEDFvII—IDFII6NED) %
TIAVARN=ILT BTG, Fv IRy I A RIRLTHEW X 2[4 I3 THEEET,

5 &&IC [TH] ZWT LAV AN ERDIRFVET,
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12.3 zypper ZFIA L7EBDH—RI
N=3> DAV A=)/ HIR

1 FIAFRERTRTOA—RILN\r—I—ERRTBICIE, 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 AV AN—IUBEICIE, FRRDELIICLTERERN—VaVABEELET:
zypper in kernel-default-2.6.32.10-0.4.1

3 A—FRIVETIAVAM=ILTBITIE. T zypper se -si "kernelx ZFE{TL
TAVAN=IVBEHDITRTOA—RINE—E RRLTH S, zypper rm /¥
T—=2EB-N—=2 3 DEIIITL T T —U%HIBRLET,

BEOH—FIWNRN—3vDAVAN—)L 157






/0 BEDFa—=>4

/O Z7 V21— LA =PI LT ABAREZEDLSIGEETZ2OM %
RODBI=DDEIAHTT, openSUSE TlE#k~#% 1/0 ZILTY XLITH I LTW
FI.ZNODTII)XLIFE TLR—=% L EFN, ThEThELZ0ERICH
BEINTVWET, ILR—FYEFEAN—IADEROH RS TODFEBNFICA
BIEH, 1/0 BERICEBEIBRA A F72Y, 1/O BEXRD IEEIN/HARAICALIEX
NBEDICLEYTHIEETEZT,

W 1/0 TLR—Y5ZBIRT BRI EBRBLZIFTRLIN—RIITTICDOWT
EFELTEMEL’HYET, ATA T14RIH 1 BEIFDEZREN SSD, RAID 7
LARRYNT—D AN —V YV RTF LTI TNTNERDZTF 21—V T EEE &1L
THDVELIHYET,

13.11/0 Rroa1—5DtIYEA

openSUSE Tld. YR TLDRBEBFICEIED I/0 R Va—3AREINT W
T. IS TOvITFNART EICEBFICERTHIENTEET NI LY, >
ATFLNR—F 43V ERBTETNARET —IR—RERMH TS FT/INAR43E
T E2RZT7IT)XLEFRETEELIITR>TVET,

BEE TlL. CFQ (Completely Fair Queuing; e £ AE B X1 —( V) HFEAX
NFET BN/ SA—YTER TRV WNGEIK FEOLIIIEELET:
elevator=SCHEDULER

T ZC SCHEDULER |ZI& cfq, noop, deadline DWIFNh aIEELE T, 35 L<IE
13.218 TR EAEER I/O ILR—4] (160 R—) ZHEFHALIEI,

I/O REDFa—=27
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F BEPDURTLATHREDT AR LTILR—Y %R ETHITIE. T
SEEDFIITEITLET:
echo SCHEDULER > /sys/block/DEVICE/queue/scheduler

Z 2T SCHEDULER |ZIE cfq, noop, deadline DWE A EISELE T, F/-.
DEVICE \ZIET Oy TN M R4 (sda 1r&) ZIBELE T,

13.2 FIAARER 1/0 TLR—%

openSUSE Tld. FEBDILAR—F%EFERTEIENTEEXT . ThEThD IL
R=HNEF 21—V TR SA—I DN EFEELTVWT. INLIETED aAv VR
THRETDHIENTEET:

echo VALUE > /sys/block/DEVICE/queue/iosched/TUNABLE

ZZTDEVICE \IZT YO T INA R, TUNABLE (I3 /T A= & F8, VALUE |Z1E
NFGA—HIDEEENETNIBELE T,

EDILR—IHIREDEEEETHEDN%HANBICIE, FaeDIY /e £1TL
T REBRINTVWBILAR—F I AFEIMTHESNTRIINET:

jupiter:™ # cat /sys/block/sda/queue/scheduler
noop deadline [cfql

13.2.1 CFQ (Completely Fair Queuing; 522
NG e e )

CFQ XA MABH LA Y21—S T, openSUSE TIZBEEMEICA>TWET,
ZOFIT) XLIFERALYRICHEL, 1/O VI T RN X ETEHE5EER (914
ASAR) B ELEFT. ZDHE ICEY, EALYRIZ 1/0 R =Ty EREITH
BIRIENTIEDLIIBO>TVWET  F AT V1YV T DREICKELTI/O
BEIBMAEEIYHTEIEE TEEY (FELE man 1 ionice ZHBFHAIEIWN) ,
CFQ R a—FTlE FED NOA—FERETDHIENTEET:

/sys/block/<7/Y+7 X>/queue/iosched/slice idle
BEDYZAVIHLTEIY Y TONIFE (91LRFM1R) RICALIEBLZ\W 1/
O EXRMNEFELALLAD/BE. I/O RTTP1—313 1/0 DEZEER ZELT,

RDALYRIZAT V21— )L EEYHTHETICLIES FHEITRVET K
FGEELBWEDIRAT AT (SSD R EHDT 1 RUH EHINTZ SAN )

VRTLDWEF A=V THAR



DIpEIE. /sys/block/<F/Y7 X>/queue/iosched/slice idle & 0 [ZE%
ETBIET. 2ERDRAIN—TYRNeEZHBIEN TEET,

/sys/block/<7/V4 X>/queue/iosched/quantum

ZDAT2aviF TNAZRDN—EICIBEZERICDOVWT, ZTDORAHE %

RLET BEEMEIL 4 ICREINTOWETAAEHLID TARIDVBHEHINLR
M —Y Y RTFLADGBE BREWTUIETEZIE Ho, HIRETAINE

EHYFEBAF CDEERECTEEMEEE RETHIENTEETN 5
BICEO>TRAMN —VRICELDERZRTSD TTIEITRB7D. 1/0 DE

ENKELRBIENHYVET, CDEE BEITDHEIE. /sys/block/<F/V
+4 X>/queue/iosched/slice async rq (BEEMEIL 2) ICDWTHBEEITA
W AYMLRTAR RICAIBTZIERIIE R (BRBIEEIIAAER) ITDOWT,
TORABERTE LTHLIEEBEDOHLET,

/sys/block/<7/Y7 X>/queue/iosched/low latency

I[/O DBIENFINBVWL IR BREANIBT BIGEIE. /sys/block/<F/Vr
X>/queue/iosched/low latency & 1 ICE&8E LTI,

13.2.2 NOOP

ATV a2—FICERELE I/O BXR A, BfIICZOEFRTEITOEDTY, EHA
/O RV a—S55FATHEAELAWVEEERTHENZET WYLT
WRWHEIDEHERTBRICEN BRIV 1—5TT,

/O DRI V1= )7 HBREBTIRIIIDIBRTNNAR (FEAE1VT7)V
VABRIZML—) %, SSD DL BEEENEE LBRWAN -V T
LEFALTWRIGEICEAMTT . BE. INo6DT /31 ZIZId DEADLINE I/O R
TI1—SBBMTT I F—/N—AY DR DIRNEWNSIEEHS, NOOP DIFHH
SYULWHREERIBTEZIBAEHYET,

13.2.3 DEADLINE

DEADLINE (LD A ERTS /0 RTV1—5TT . TNETNhD 1/0 BKIC
ISHARA R EIN BEIT E/9BSEREIILTF 21— (HRAAAFBLUVES
AF) HDWARZZDN TRHONET, BERAHREUINICARSRWERY, 2O LD74
lsector] ¥a1—4AFEALET, BARYINICAZEDLNFEETZE BRI DEK
M 122 2F T ldeadline] F2a—HM5DNBAERELFT, F/H-—MBIC.ZDT
W) ZLTIE EZAAFVEFZAAAEBELTRIELET,

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

ETAHEKREEETESBLIICABETIL ENLITDOFHEAAABEREERE
THIENTEDDONZHELES  cEXIE 3 DIFE. 1 BOESAANIE%
EhEIBHa0IC, 3 BDFEAHAANIEEZRELET,

/sys/block/<7/V+4 X>/queue/iosched/read expire

FAAAANIRICH T HHARE I B TIHRELF T IREDRFZIIC
read_expire =B L7-ENZD HARE AW F T, BEEEIE 500 TY,

/sys/block/<7/V4 X >/queue/iosched/write expire

/sys/block/<77 V4 X>/queue/iosched/read expire EEUHHEAT. 25
HIFEZIAANIBICH T B ETT . BEEMEIE 500 T,

13.31/0 RYPDFa—=>%

ZLDITFAII AT I (XFS, ext3, ext4d, reiserfs) Tld, fsync ¥ NSV Ho 3
VAIYMDRIZEZRAANY T EMENDZEDET 1 RVITERE LET . EXIAH
N)TIREZAADIEFETOEBEODLEHEAT (WS HEEEANDREN
HYET)  TARIVDEZAAF vy a16RE2IHATES HICTEH00DED
T BEVDTARIITNYT)—DEBEHINTVWS LOWIFGEIE. N T EE
b9 BZETHREZNETERIGENHYET,

EXARN)TDEEIE. YTV NATa vl barrier=0 (ext3, ext4, reiserfs
DIFE) ¥ nobarrier (XFS) 25X ETHIETHEMETEET,

®E

N)TEEWELIGE, BR\MRDN LI WIGEICETAAFryia
D ABDEZTRAHIDOVWTARIED SNALBRYE Y, IhICKY, 7ML
AT LADBIRCT SRRV RETBIZENHHIEICTERILI W,

VRTLDWEF A=V THAR



ARy a—5DFa1—=
A

openSUSE® DEIIICHLWARL—FT 1V IV RTLADIGE BEIXERIC &
BOYRIDEELF T, IcEAEA—IIEZELAISEBICTFRANIZAILD
MBRETROIZY, ISICKERT7AILENTTDON—RF 1 R2IaE—L712Y,
REDIEETRICEDNTEF T, INSDIOIRI VT IVBEETHNIL BN
D FOEREVATLARNTEETNIL, ZNOEREBICITRICELN,TEET . Th
FND YAV L TRERY AT LERERETZICE. ThThDT RO
LTEERE%. Y Y TBLHOHD Linux A—RILEIITY—ILHDEICHRYET , LYUIE
FEICEL L, Linux h—RIICIZ FROX 22— ERENZEDHN BEINT
WEd,

AETR.FTTOER (RY) DRIV 21— VLB ICEESZREEERBEIC
DWTDEHBA%EITA>TWET, /. openSUSE THEAINZIRIRATVa1—
SO RY—ICBEATBIERCRAYT V21— IV DIUIB K YRRV 1—SICFET
ZiRBAAREE HHOETEBRINTVWET, ZDIENICE. BEETBIHBEHRAD) VY
BREERLTVET,

14.1 RIS

Linux A—RIVCIK. BEF DU AT LTYRY (FOLR) BT S7-HDHIH
HENAEBEINTWET  YRIRTV21—5 (PO 2—= EENSG
BEHYETD) EH—RINICEZFNBEDTORICEHESEZREYR V% HT 5
HEEA A TUVWE T, 2N (Linux DEIR) RILFIRIBDARL—F 125
SRTFATIEHRERZOAVIR—R VD 1 DT ERDIR I EREIRFICEEIE
B IlH2TC VAT LEREREIRNICEDI ED-ODIEEEITRVET,

HRYDAG S 1a—SDFa—=
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14.1.1 VTV Foay

HAORAT 21— I)LDRBIZIEBICO VT REDTY, VAT LARICEITEBEA
TOERAPBEETZHE. BIcVaEs 1 2ULEOTOt AR EBEREICAYE
To YATLARICTOEYHRIVEZ WO TOERANEETZHEEIF. 2TO
TOtR% FAEICEHEIEZIEIEXTEERA.

Z0H. TORRCESTUE—RHIELET S (FINXFREICTD) RED
HBIEIRYFET, INICKYD TOERDENMETEDIREEIC 2D DITTT . R
FY1—Sit F1—RICEETEZTOERDIE, ENERICET TRENERE
l/i-a_o

LD EBY, Linux RZDMD Unix & OS 1& VA FIIZ BIDARL—F 4V
TORATLTY, CNISERDNIBARERFICEEIEEIENTED EVWODEKT
T Linux TlE ZYIL > 7777 R IVFHRIE BIENBEHAT. EDTOER
H—BHEIEIE DN ERTV1—SHRELEY, ZOLD ARG IE#EEE
YT To 72 ERUVFET, £TOD Unix % OS Tld. HHOEBENSTYT
VITTFATRIVF IR ERELTWET,

14.1.2 94 LAFM1R

BEDTOEAN FETB ICHl>T.ENLEITOBE 58300 Fa
ICBEINFT . INETOVRD 7L S7 X EEY, ZREFNOTOERICH
LTEYHTOSNZ IOy HEBOERATROLET, Y1LRATIRAEEIY YT
BIEILEDT ATV 2—SIEETHRDOYVRTFTALICR LT 2&41HETLRSITEN
TEBENBEDTOEAN Oty HDERELEE LY LEVWEDICTERIE
NTEET,

14.1.3 7Ot 2RO BEIRAL

27T 1—5T, 7O RADETICH L TR EIBRI A $IK § A% H ATV
F9, TOCRICHTZIREDEBEIBMAAFETE/-D. IRIRTV1—F3E
M TITVILERAWTWET BERELT.ZhTho/Ot Rk 7aowyy £
T 7% [FFI3INs] BEIBEMAOEEFOIEICRYET,

14.2 70 X098

TOERTEE. ZTNOOABEPIRZBWDIIGL TR TRONET. KD
BRE BARICGREATEZEDTIRHYTEAD, —HRHIIC 2 DDRED DR

VRTLDWEF A=V THAR



DIVEAIC FIAINE T IhoDRBEIEZNETNRILTVSED T HEEIC
BHb B DTIE HYFHEA,

TOEZAD 1 2ODHEEIX, 1/O-/VIN D E LK TOEyt - NI DES
STHEDI EHIBFLET,

[/O-/"9UR

/0 ElEF—HR—RKPIIR HERSATPN—RFTARIREDT XA RUC
LT ARBDTEIEEEKRLTWET, [/O/VIRDTOER &, %D
BB ET /NA R THERDEEPIHBDFRICECLTVWET, Inbid
BEEICEETZ2EDTEHYEITNEVERTHEN—EZ1EL, 1/0 X
EEELTWAMO ORI LT ZOEMFAEET & EHYFEEA,

Otyy-/HUR

£EO—AD Oty -/NOUN DHRITIEA—RD RITICKBIEP I
2EDTC . BEIEIRTV1—SHLEBEENSZONTVWAE EIfELEEITEY
AT7DEDTT . INSOT7OtRIE, 1/0 EXREFH#HLTWS O D)

EERETHIEIEBRVD T HEEIFMBEVWRNSRWEFEDLIES NH5E

DTY,

£)—DDONEI. FTNTNTOERE 72850777 (WEER), /Yo F (—HEN
RN Y714 (BIRFISER) (D3 PYATY,

s IS0 F 7 RTOAERE F—HR—RKPIVRIEE BREDAHDEKRICE
LOBEEEYLET AT IV1—SIEa—HSDERD Ho/cmSICEIRFIC
BELRITNIERS T SEINENDIENVTTY T LD E AIhTLEL
X9, ZOPETO—MBHAEERRIE 100 [IUM] BETT, £ 71RX%T7 S
Dr—3 TR ANIT A8 BIRRETOT S LREDN—RMR 1255
F47 7Ot ATY,

o NWyF TORRIFTOUBEZETERIZEDTH>T, WEFITHLTHRIIR
ZNHEIIHYFETA NSIZRT Y 2—FTIHMEWEBERIEALIC IEDITSONE
T RIVTFATAT AV T VY DB T —IR—ADWEBRI VY, AT 7714
DR IREN—RE /NNy FTOLRATY,

s YTNE1A BRTOLREABWNEBLIBAZFOTOER ILL>TERITAHEES
NTUIRLBRVWEDTT, ZDHEH, AT V1—JIXTNLIC W BIHE AR
I AL TVWET NI TFATATIAVTOYDIRE 7 ) r—avipe
HN—RRYT7ILIALTOERATY,

HRYDAG S 1a—SDFa—=
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14.3 O(1) AT $a1—5

Linux B—xJL/XA—23> 2.6 TlE, O(1) EMEENZFLWIRIRT Y 2a—5h
REINTVET FELIE SV IDEESE [http://ja.wikipedia.org/wiki/
%E3%83%AI%E3%83%B3%E 3%83%80%E 3%82%A6%E 3%8 1 4AESES%AB%ISYES%SF%BT] %
FHALEIW) A—FRILNN—=U3Y 2.6.22 ETIIBEEDAT Y 1—5&E LT fE
AINTWET . CDYRIATY1—ZDERUEBIX, D RTFLHRATENLIFEL
D TOEADRTINTWELTE. —EDEBARICIRIERTV1—ILTD
ZEICHYET,

AT T 1—FTIEYMNLRASA REEIIETELE T, TI A B RIILRTAR
HEEITHZOEF. HFEVICEEMARNIBICA>TLEVWET . RIEZ91LRSA
A% BYHTTLEIEVRATLADIGBEPRIGHNEBLAA>TLEVWET L. HITFET
XD YMLRTARAERETDETOCRABDYIVEZHISERLTLEWL, ZHICHE
D FA—=N—=AAYRHPKRELDO>TLEVET , ZD/=O . BEEDYALRTA AL
B NID, 722U 20 [SUM] RBRE T AT V21— 7Ot ADB LI %
R=2U L LASARAERELT T, CNICLY, EWVBEIBMI 2 >0t RIC
WLT, SYBEN DODRVERBIIEIY Y TOENBLEIICHE>TVWET,

F. 7O0EREBEICEYLETONAEIILRSA R E—FETHERATIEEHY

FtHA, EAL 150 [V AEIYLTShAZTORATHNIL, 150 [IVF]
DE $F2EEITLEITEDITTIEARL 30 [ ORTYa—)LAAy M 5 [[O
DICDFTERITTRIEDHYET, ZNIFERWVWIMLRTA R ENEE LRV
AR B DIZE. CDLOIRTTA—FICTEIET,. TEXBLEFRIGEERLT
BIEN TEBLIITHO>TWET,

BERTI1—Z @ TOCRDBEIBMEHMNICERELET . AT Pa1—31370
CAD RZEVEERL MHETHNIXELIBLAZABLET, 21X RV
BChi=>T EBENLF>TWBTOERDES. BEIEf A LTI ETEEN
ICRITTEBLIIC RYFET,

14.4 Completely Fair Scheduler (58
ENERRyTa—7)

Linux A—RJL/X—23> 2.6.23 IETIE. RT7O0ERITHTEH LWL R
A=) 7TA—FHREINELIIIAYE LA, Completely Fair

Scheduler (CFS) (REAFRRTYa1—3) EFENBED T, BEED Linux
N—=RIWRTT21—FIC B> TVWET DRI V1—STIREERTRENED
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http://ja.wikipedia.org/wiki/%E3%83%A9%E3%83%B3%E3%83%80%E3%82%A6%E3%81%AE%E8%A8%98%E5%8F%B7

BINTWEED KBTI CORT T a1—SICDWTEHRIAITA>TWET, /A
. openSUSE DIFA. h—RIL/IA—V3> 2.6.32 LIFE Bx h—XRILEEFN
I9) ICEAINTVWEY, R V1—SREBFERD/A—YDLSLERINTWT,
3TEBEOEREENRBINTVET:

EVA-INBORT Y 1—F5%E

AT 1—=SDHRRERDE X2 —1) >0 05K & RIENDEDTILERIN
TWEST INLDISRAEEY2—ILELTRIATES £DOT. AT V21— JLAL
BOR)—5EKRHITEDTY,

=2 AFEZ 4 I2—3F (CFS)

H—FRI 2.6.23 TRHEIN, 2.6.24 THRINTWET, CFS IFZFhEFh
D 7OERH/HLT, TRy HERE%E [AFIC] £ETISL)IC NEAET
BWET,

TIW—TRrTa—)vy

FEZEXERTA—YTEITOERESTIIL—TF{EL, CFS IXENSDTIL—T
IR LTRACT Oy EEAEY Y TONDLIICNEBAITRWVET,

LEROLIRERHIS, CFS IEY—NERETRIMNTHEBROBMAICH LT &
WRRAT 21— T TRITENTELLIITHR>TUVWET,

14.4.1 CFS OE){FIRE

CFS IEZFNZNOBICH L TAELRT 7O—FARALLEHIELFTHRY R
TIO1—=) TR L TRENTVRADENIPY AERET 270, 2L &
N2V MEFIRLTWET, RERIFEEZHEALLYHEIBRLEZYTSZZ
EDTEDT—IRRADKREET, BAPHIRIITRONTENST YV RERX
BWEHEA T REARICDOWT, LK HFEAK [http://ja.wikipedia.org/
wiki/%EB%BS%AA%EI%BBRI2UECKICKAS] ICdHD wiki R—IAEHFTHLIEI,

MIBH FEfrFz— CRICEFTIRETAORRADFER) RICRAINDE YT
Ja—SIRFETRERXNERHFELET. S OAN Oy BREAEBSSNEET
FHLTWSRE. 2070t D IEFH] EX MEINET . MEINDEE TD
R CEITF1—RILEETINEDE S, TOEROBEIBAISEHES
haEICRYFET, 7Oty Hsd7 0t %E £1735E. 20D [EF#) EITRE
INFT FEEI—ED LRIV ETEZE,. ZOTOERIRTY2—FIC&>T
FHOREEICARY . Z0M0 7OEAA” Oty AEBENICRIATESLDICRY
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FTZDLIRTILTY) XL LY, CFS (& I EAEICEOEWSIEER
IRREICA D £OICLET,

14.4.2 7O0ADJNV—F{E

Linux h—RJ)IL/X—23Y 2.6.24 LAETIE, CFS #9277 (O R) BKZF
TR A=Y I —FITH L TEREM AR ETEDLIIIRYELL, YRV
A—HRTI—TIE>TT I —FIeEN, CFS TN ZThDIYRIIC HLTA
EICRDEDITHETZOTIEARLL, =TI —TFITRH L TAEITAES LIS
FAEIEZIENATEET B AT V12— I—THD &Y RIIC
WL TERAEICARDEDIAELET,

B2 ZFNZTNTRICRT FEOWT AT I —FIbTBIENTEET:
« A—HID &
e A—XJLOIVNO—ILTIL—TTE

N—=RIVDRT V21— R0 ETIN—TILTBHEIE A—RILD
OV IR JUBE ICERET D473 CONFIG FAIR USER SCHED &8
CONFIG_FAIR CGROUP_SCHED IC&>TEREINE Y, openSUSE® 13.1 TD
BEDREXIVNO—ILT I —T ($8F) T.INICKUBELRTIL—T%/E
MTEBLIICA>TWET, # LI BI10E H—FNADIAO—ILT I —
Z°(121 R=) EFHHLIEI,

14.4.3 h—RIVBEEATav

BHAYRAT I 1—5DIRZD BB ITDERNALREEB T, h—FRIL

DERE A T3V TIHRETEET . INLDF T av DR ER. 1—
KIDOAVIRL) EED—EELTEETZED T A—RILDIY
INIVERISEMARFET HBHOERT=aT IV TIEERBEITARST
WEBABETBERFaAVM (FEZIE http://ja. opensuse. org/
Configure, Build and Install a Custom Linux Kernel &) #HmADD
ZNEEEITROTEI,

8BS h—xIDav1)L

openSUSE ZEHDA—RIL TEMEIERWEE. A TBETaY
N LEeA—IIVEFIALEGEREF Y R— N RF5IENTERL
RBIEIT TERLIEI W,

VRTLDWEF A=V THAR


http://ja.opensuse.org/Configure,_Build_and_Install_a_Custom_Linux_Kernel
http://ja.opensuse.org/Configure,_Build_and_Install_a_Custom_Linux_Kernel

14.4.4 A&

HRY R a—=) TR —ICEATBRF AV ITIE, LIELIEWS DD D il
AEZMALTGRIALTWET, TEICZEDAEDIEDW D0 Z5RALET:

EIE

TOERADRITINZIZT LRI S, ERICTOE AN ERTINERE
FTORFREERR.

ML
MEEBIEDEFRIETEROHBATROINET:
gran = ( lat / rtasks ) - ( lat / rtasks / rtasks )

;:’C‘ gran \$RIE %, /at \$BIE%. rtasks (TRTHDYIRIEERDOLE
14.4.4.1 R Ta—)ViRY>—
Linux A—RIL Tl FERDEIWBRT D a—IILRYS—ICHIGLTWET:
SCHED_FIFO
FRRT ) r—2av il L GERSN 26D T, FICKEEICEIND H%
TV r—oavIERLEY, 2hid FIFO (First In-First Out) &M EN B R
FU1—IVATILIV X LEERALET,
SCHED_BATCH
CPU ZEILFEATZUNERITORTYa—ILR)Y—TT,
SCHED_IDLE
ETE BEEOBRWLERIFICARINE RV 1—IILRYY—TT,
SCHED_OTHER

FEAEDTOCRIGERINS BEED Linux BEEERZS Y 1—)L RY
ss/_tsj_o

HRYDAG S 1a—SDFa—=
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SCHED_RR

SCHED_FIFO ICl et A TY D SV FOEVRIOR Y a—)L 7)LTY)
ALEFERATDBRTY1—ILR)—TT,

14.4.5 chrt ZRIALEY P IV IY1 LBREDZE
-]

chrt (&, 2THRDTOERISHLTYTIVLIAL AT 21— VT DB EPEEME
DRBETRIHDOIARVRTHDIEN, FBELLBMETIAT Y RERTTST
EHTEBOTVRTT , AT Va—Y VT RYS—DEEBDIEH, TOEADES:
EAREBTBIELTEET,

TEETIE. PID »* 16244 THBZEDHERLTWET,
BEFEDANBICT LT U7 I LEMSE BiiF 5123, FERDLIICETLET:

saturn.example.com:™ {f chrt -p 16244
pid 16244’ s current scheduling policy: SCHED OTHER
pid 16244’ s current scheduling priority: 0

TOERICHLTHLWRT V21— LR Y —%2RETHRIC. ThEThD 2T
Ta—)LT7ILT) XALICRH L TR ETERBEEIIODVWT. TORKEE R/IMEE
BRFLTHEET:

saturn. example.com:”™ # 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

LEEDFITIX, SCHED_OTHER, SCHED _BATCH, SCHED_IDLE @& R > —
& ZNZNBEE 0 DA D HFITINTWET, SCHED_FIFO & SCHED_RR &
BEEN 1 H5 99 FTHEHFETHRETISIEARLTVET,
SCHED_BATCH R4 ¥ a— LR —%&ET ICIE, FERDELIICEITLET:
saturn. example.com:™ # chrt -b -p 0 16244

saturn. example.com:™ ff chrt -p 16244

pid 16244’ s current scheduling policy: SCHED BATCH
pid 16244’ s current scheduling priority: 0

chrt [ICDWT EELLIER Za7I)LR—Y (man 1 chrt) ZHFHALIEIY,
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14.4.6 sysctl Zf|FHL/-RITROF21—=V
J

RITERICH—RIVDINSGA—=IEFABELYEBLYTEIEDTES sysctl A

V=DM RAEFRETBIET IRIRTI1—5D e =B EENSEETD

ZEMTEZET, sysctl DERXIFT BMAEDTT A, FEISRTATVRIEWTH
£ root TEITLAITNIE RKYFEHEA,

H—RIVEHDEEFZAHETICIE, FERDELITADLET:

sysctl variable

B%ERET BICIE FEROLICAALETY:

sysctl variable=value

AT a—SFED sysctl BHDO—E%FHHAHT 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

5. [ nsl ¥ [_us] TROZEHRIZ. ZThThF/Boev//Oa8EMELE
EERLTWET,

FETERO—ETIE.IRIATI2—5D sysctl BED >6, Fa—=VJICE
EREDE FDFHRPERLTVET (WFNhE /proc/sys/kernel/ RIZEELT
WE9):

GRS 1a—S5DFa1—=

27
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sched child runs first

#FLL fork() SNAF7OEZAN . H7 O AN RITREICESRIICEST
DB INBLIITRYFET CDNTA—F% 1 |ITRET HE. fork Iz
BICICF AR IEEIILDBIOIRT IV r—2avilis &k
FBICRRYFET &2, make —j<CPY #> DEHRATVRSAVDIBES.
sched_child_runs_first Z#8MICEREL/IFOD LUK WHEREEZRIELET,
BIEM[EIL 0 TY,

sched compat yield

HWO(1) ATV a—SDEEEBEICL, LYUTBBA yield BIEEITADE
I RYFET, B (synchronization) 2% 95 Java 7TV r— 3> D
B, DEE TV ICRETDIELVLIWEREARETZIED TEXY /2720,
CDEIFMEREmICAONDEEABAIGEICOARELT LIV BE
Eix 0 T9,

8. sched_yield() AT LA—ILDEMEICIKETET T r—avicitL
T ZOMBREZHRELLWGED 1 ILRETDELVWTLED,

sched migration cost

B2 DIEBATHIBTDRR, T¥vyaRyh] THEHEHEINS FTORRE™
%, REOETHLODZBIFETHRELE T, [Kybhal FRVEBITIN
ICKWeD, COEAIBINIE B ETHIRIBITEDV TS ZENTEET,
BEE Bl 500000 [+/F] TT,

FITITAREXTOEINEFEETEIDIC CPU DL ERHBEAHFLUEZ WSS
I, COEENIKLTHBELWTLED MICHRID CPU P/ —RE%
TEE LTLEILIAIBEIF. KELTHBIDHBEWTLED,

sched latency ns

CPU ZEIFEATZYRVIH LT G BEEABDETORERERBICDOWVWT,

TOEEEEZRELEFT, COEZEMIEZE, CPU DY RVICEIYHTS

DALATAADNKELIRYET  IRTIDIALATA AL AT a—IL3INnik
BB B ENATICHAT LI ETRVET:

HALRASARA = ATV 21— )LER* (PRIVDEX /| RITF21—RICHBHIR
IDEIDEEHE)

VRTLDWEF A=V THAR



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,

FALRAZARIERNENTEENIKBYFET HELTVWBYRIDEN
sched latency ns/sched min granularity ns 82 %&. 91 LRASA R
(§)31’I5L'C\,\%>'97\’7§51) sched min granularity ns [CEREINET, L3
SYDLRWIFE . IM1LASA AL sched latency ns ICEREINE T,

Fe  CDEIRRIEFDIRIDEEREL TR DN A RICETLIICT R
D EAFEERZERERLTWEYT COEZBMIE2E BFFDYRY

N EEHEZ F2ETICHDBEEMEX LY. ZD7H, CPU ZEICFERY
BIRIDBEE ATV 1—FICEBBENMERT B EIRYVFET BIEE
I& 20000000 [+/7] TY,

sched min_granularity ns

CPU ZEIFEATEZYIRAVICH LT G BIEEZBIEDREDR/IMEERTE
LEY, 5 L<IE sched latency ns ZHFHALIEIW, BEEEIL 4000000 [+
/M TY,

sched _wakeup granularity ns

H2AVBEEFEOHEEDHEERELE T, COEEEMIEIEEER/FD L
B NMESARY, EICETERIBAETRIVZAVICR L TENROLOADIHEL D
BRYFT, T, CDEABELERET D EREFFOBEL DALY GBEIE
Fe{IWA R I TBRIN—TYNEe@E EIEBIENTEET TRV
HHAVIDERE FDOLIRIRVE.CPU 2% <FRTBYIRIERERC
FHIRITNIERSRW GEICFIBLEYS . BEEEIX 5000000 (/7] T,

®E

CDfE% sched latency ns D¥ D LYUEKRES BRET BE. EENBFD
HEMESEOICARY BVWHRYAIILDIRIH CPU EHEETEHIR
DIFTBRE TR >TLEWVNET,

sched rt period us

DT IVEA LIRS R0 DEERHE DEY B TREZZRELE Y. BIEMBIE
1000000 [¥1- O] TY,
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sched rt runtime us

DT IVIALFRH AT LT, sched_rt_period_us DEAEICEIY LTS
PEERELET, -1 ZFRETDE )T IVIALIRY AV T 5558
% ATRDIRABRYES BEETIE VT I LT Z1E 95 [%CPUER]
B §5HDELTVWASLD. FHYD 5 [%CPUEM] /1 0.05 [#] A
SCHED_OTHER ICEREIN/=ARVICEIYYHTOENET,

sched features

BEDT /NI HEDENTHERIRMZTRILHDEDTY,
sched stat granularity ns

BRY AT 1—ZDIREHIN T BN EEZELET,
sched nr migrate

BITDYVIRITTEIYIAH (softirg) DEAREIC. 7Oy AR TES 4
2O AEFIFELET, SCHED_OTHER ORYL—TLZED YR HVER I
N3 BETIR. ZhSIITRTAL Oy Y CEIMELEITE T, BEEE I 32
TT, CDEAEDTE N TIVIA LRI RIS S BEIERTE—H,
SCHED_OTHER M ALY RNIZH L THERER EA1TRDZED TEET,

—
1447 TN\ TRAVI—DxA RERYT S a—
SHEHER
CFS TIFILWTF NNy T A9 —T A AR INTWBIEN VAT LENMEFD
HEtBHRZIREIIHEEE RO TVWET BEET B T771ILIE /proc 771V R
FLRICEEBEIN, ZNSIEEHIC cat ¥ less DAV VR TIHFEARLIENTESL L

TR >TWETY, /proc T4LYNIRICEFEETBEET7MILICDWT, FEEIC
SREAETIELET:

/proc/sched debug

IARTCDFa—=VJHREREHITH LT REDEERTLET (LT
14.4.618 sysctl ZFIALARTFOFa1—=71 (171 =) %5
B) . INLIFYRIRTVa—ZDEMEICHEDNHBEDDIEN. CFS Dif
FHERC AR TARTOT Oy HICHT2ETF1—FRIEINT
W&,

saturn. example.com:™ ff less /proc/sched debug

VRTLDWEF A=V THAR



Sched Debug Version: v0.09, 2.6.32.8-0.3-default #1
now at 2413026096. 408222 msecs

.jiffies : 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
.sysctl sched features : 15834238
.sysctl sched tunable scaling : 1 (logaritmic)

cpuff0d, 1864.411 MHz

.Nr_running 1
. load 1 1024
.nr_switches 1 37539000
.nr_load _updates 1 22950725

[...]

cfs rq[0]:/
.exec_clock 1 52940326. 803842
.MIN vruntime 1 0.000001
.min_vruntime : 54410632, 307072
.max_vruntime : 0.000001

[...]

rt rq[0]:/
.rt_nr_running 10
.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

HAEDERITF1—BAETIMERHRERTLET, SMP Y RATFAICHIFBRA
1Y BEOHEBRICOVTE EHRINTVWS Oy Y TEICRTIA TR
bnEFd, HHEREFZEAPTVEDEIEVWARWNWEDTHB70H. FELLIE /
usr/src/linux/Documentation/scheduler/sched-stats. txt ZHFHH L
e AW

/proc/PID/sched

7Ot ID AP THAHTOERRIFLT, Z2OF7OCRICETERATYa—
WIERERRLET,

saturn. example.com:™ {f cat /proc/ pidof nautilus /sched
nautilus (4009, fithreads: 1)

se.exec_start : 2419575150, 560531
se.vruntime : 54549795, 870151
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se.sum_exec_runtime : 4867855, 829415

se.avg_over lap : 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
se. load. weight : 1024
policy : 0
prio : 120
clock-delta : 109

14.5 X543

Linux IR AT a—) Tl DWW RBINIM#BECHFLEDEE K, WL
DO DIERBEDH->THBIIEESEDOLET , ZTNODIEDWV DI %E FEEIC
BALET:

YRY AT V1—FY AT LDV AT LIA—IVICET 238, BET Y =27l
R—Y (fe&ZIE man 2 sched_setaffinity) Z&FHA </EILY

AT Ta—= ) 7ICET B ARERIE. RS

Ja—"1)v 4 [http://ja.wikipedia.org/wiki/
%E3%82%BI%E3%82%B 1%E3%82%BB%E3%83%AL%E3%83%BCHE3%83%AA
%E3%B83%B3%E3%82%BO] D Web R—ImHFHMLIZIL

Linux IC81329 2925 22—V JICBT 2 —MKRIARIERIE. Linux R
¥a—Z—0ORAl [https://www. ibm. com/deve loperworks/jp/Linux/
Library/l-scheduler/] ZEFHMLIEI,

RENER R Ta—SICEATEEAEDERIEL. Completely Fair Scheduler
IC&B<ILF 7Oty 4 [https://www. ibm. com/deve loperworks/jp/
Linux/Llibrary/l-cfs/] ZEFHMLLEIN

BENFERTVa1—F%Fa1—=VJ7 3555 DEEDBERIE.

Tuning the Linux Kernel’s Completely Fair Scheduler [http://

www. hotabout Linux. com/2010/01/tuning—the—linux—kernels—completely—
fair-scheduler/] (3E58) EHTIALLEIW,

Linux DR ¥ 1—ZRI =07 TYXLICET2HHAHEREE. http://
www, inf. fu-berlin.de/lehre/SS01/0S/Lectures/Lectured8. pdf (3L5E) H
LSIRTEET,

VRTLDWEF A=V THAR
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https://www.ibm.com/developerworks/jp/linux/library/l-scheduler/
https://www.ibm.com/developerworks/jp/linux/library/l-scheduler/
https://www.ibm.com/developerworks/jp/linux/library/l-cfs/
https://www.ibm.com/developerworks/jp/linux/library/l-cfs/
http://www.hotaboutlinux.com/2010/01/tuning-the-linux-kernels-completely-fair-scheduler/
http://www.hotaboutlinux.com/2010/01/tuning-the-linux-kernels-completely-fair-scheduler/
http://www.hotaboutlinux.com/2010/01/tuning-the-linux-kernels-completely-fair-scheduler/
http://www.inf.fu-berlin.de/lehre/SS01/OS/Lectures/Lecture08.pdf
http://www.inf.fu-berlin.de/lehre/SS01/OS/Lectures/Lecture08.pdf

o Linux D7OERART I 2—) U 7IlEFE, YL TWEEIL, 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 2SR L TEX\,

« Linux A—RI)VOWERICE T ZLEEOMEE Y W5 &1L, Daniel P.
Bovet & Marco Cesati KHNE W N7 A7 Linuxy—F /L (RS ISBN
978-0-596-00565-8) (HAEEER: ISBN 978-4873113135) % BFmH<EX
LY,

o« HRYRAT T 1—SICFHTBEATIEERIL. /usr/src/linux/Documentation/
scheduler 77/ J)LARIC B I TWET,
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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,

BEICNIBREIZFDEDARELTF1— VI ITAURENHYET . BFEVD
TNV —=oa V@I BET 27O AP ALY REAIEZZLHIBE. Th
ZFhO7OEADBLIAT)EEBINDETEE VM Ty aDRIEEET
LESIED ATV DA —N—~AyREEITLEVE T F /=, 7TV —2avh'B
PEBTNYI7PFvy a5 Y TRIHE. TD Fryia1s RKESTEHIE,
VM Fvy2a& LTRIBARIBERAEY RS T J&ICER>TLEVWE T 27EL.
TOERBPALYREAEPTIETI/O DEEER /(M TSA AT EN
TERIENMNTIFIATRETIVELW A2 RETRIHFEEHYET . DFY. N
AMNERAHTITIIERDARDOERWN ZEICRYET,

15.1 XEBVDFERH X

—HRBYICIE, XY DEIY K TIE Mpinned] (EE) (Tunreclaimable] (12
HILTAAEE) EEENZIHEEHYET), lreclaimable] (BB&HIITHEE),
[swappable] (R7v7HRE) D 3 FEEEICHIETHIENTEET,

15.1.1 ER/ AT

EZATNE—MKRIC. TATSLDE—TAEY LRIV I AT (XK
>malloc() RETHMRLIZAEY) DIEAEIBLET, Ihid mlock AEREINTL
ZIGEV MATRELRR 7YY BEAFEE LRV RIBE LRV TRDIITH
B (reclaimable) M XEY)TY, F/EZ ATV I BOIL THREARRRICARSHE]
I ATV FICEDINRITNIEE BRYUFE A BB ATy TOAE N (RTv T/
A7y TT7IRNDEA) L EYYTETIERIRI—=VDEWNMILY, R—I x4y
2ad /0 &WUE MERNZELDIERICHYET,

15.1.2 R—IFpya

T7ANT—=HIITTEF vy aDIEEBLET  77MIUDTARIP Ry RT—
IDSHEAEINDE, ZORBRIR—IFvy 1 RIIRBEINE T, REHR—
TX vy aRNTRITDREICHDIIGE. TARAIPRYNTI—III /TET7 IR
ERBIZRYET, tmpfs PHEXENDEIT AV MIR—Y Frv>allHGFIC
BxxY,

T7AINCEZAA DT RbNEE, TARIPRY NI —VICEZAEFND BUICH
LWTF—IHBR=I vy aRIREINZET (DFYSAMNYY v alli

VRTLDWEF A=V THAR



VEY) FEEIAFNTOWARVWT—IBR—VRIIEET S HE. TN [Fh
721 (dirty) RRETHZERBLEYT, FNREBELTHEIhTOWRVLWR—=IL
[91)—>] (clean) WIRETHBERFLEFT V) —vBR—IFoyiaDR—
VI AEVD FARLABE. BMICENSO AT 2 ETIEOILTHAHRETT,
BENR— DIFEIEIBOILTHITROLNBENCET V) —VRRRBIC LS
niELYEtA,

15.1.3 Xy I7pF4vyia

T OvITF AR (Fc& A /dev/sda 72E) (LR BR—IFvvia T,
TP RATLDIZE. T1RY LILHD inode T—T )L T7AS—>3> Evhk
RYTRE, [X9F—4 | #EICTIERTEEE. Ny TI7 FvuraszFfBLET,
N TPyl gR—Ux vy 1 FRRICIBOHIITEIENTEET,

16.1.4 Xy IJp~AYR

INYTPAYRISNEELFHEEIBEAR T R—IUFvyo a7 oA EICEYYT S
NB3EDTT, —fRIC. INBIEER—TF vy 20oN\yT7xvyad R—IHY
)=V THdHE BHBIBOHIITRIENTEET,

15.1.5 54k o

TIN)r—=2av D774 IR L TEZIARETRIER—IUFryia (BLY
Ny I77Fvyia) (EFENT (dirty) REICRYVET, R—IUD—F BEFBENIRK
BETHYRITEEP. FhXTYED RAM AO—EDEE&% BAIBEAIE.
A—RIDZA NI NBEFEIETET  LIEBDO ALY RIE EAEZAHNIE
ETRIID. T TVr—a 3 ZDFEEFHELIRITDIE N TEBLIITH->TWL
T T7TNVr—2arvhR=IFvyoa%55LT (EZIAHEETLOT) WD
EEICBHETIRWEA. ENR—Y vy ald RAM ETAILREEELHD
BIDNTHOTLEVET  COLIR HFEIE. FNIR—VF vy adBEZBA
BWES . TV r—2av Ao B REINDLSITHR>TVET,

15.1.6 5@

VM ET7AIIWVT I RADINY—V HEBER L IGEICE > TUIEFEAEITRVWET,
EFHAHIBTIE, FLEBERINTOWARWEEDT—9%, 771 IV AT LDD
R=I Xy aRNIRAIAFRT T ZNICEY . DBVWEHTAILBED I/O E

XE)VEBY TV RTLDFa—=VY
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KR (KYERNRFEAHEL) Z2REBLTWSIED, I/0 NIBAI (TUIET 174D
(V=23 #ELTWARIC 1/0 #EBFMITTITAD) LI >TWE
ER

15.1.7 VFS Fvvia

15.1.7.1 Inode F¥v>a

CNIEENTNRDI7AIN VAT LI L THERINS, AEYRICIEIET S inode
BEDF vy 1T, I7MITAXR/IR—Iyay FREEY 771ILT—49~
DRAVIBREDBENEEFNTVET,

15.1.7.2 74LIN) TV M) DFvya

NIV RTLRICEETS. T4LIN)ZVN)DAERYRAF vy 2T, IIUC
BB (Z71IVER) DIFL, TNHBIRT S inode P FERBIVN) RENEF
NTWET , ZDFvyoald,. TALINIEEESIRI BEN, LRITIZIIVICT
I RATHBIFERAINET,

15.2 X €Y EHEDHEIHE
15.2.1 malloc (E4) f# D HI#

openSUSE 13.1 T 77— av Ao XAE) #EIY T2 BE. openSUSE
10 ICHARTEKDAEY ZEYHTRGEIHYET . NI glibc AT1—HR
R=ZADAE) % BIYL TR TOREDEBENEREICA>TWSHTTY,
L& http://www. gnu. org/s/ Libc/manual/html node/Malloc-Tunable-
Parameters. html ZHFHAIIRY, INSD/INSA—=FICTDWTHEEETR>TLE
e

F7-. openSUSE 10 DFEICR LW BAIEZ. M_MMAP_THRESHOLD
DIEIL 128*1024 DIEICREL TLEIW, N7 Uy —avlhs
mallopt() MU IETERBETEZIEN 7TV r—avDRITHIIC
MALLOC_MMAP_THRESHOLD DORIELZ#H X ELTEERRTEIET,

VRTLDWEF A=V THAR


http://www.gnu.org/s/libc/manual/html_node/Malloc-Tunable-Parameters.html
http://www.gnu.org/s/libc/manual/html_node/Malloc-Tunable-Parameters.html

15.2.2 A—RIVDAEY) A —13—~y DY

DI THARERA—RILATY (ERDFryo a2 E) (T XATYDARRELE 56
ICIEBEEICHERINE T, ZNUADZLDH—RILAEYIIEEICIT HIETE
FEADNAMFERBICL > THERINDATYEHNEILLET,

ZDH. A—FRITONETHATZIEEZRST (BHRNICIZITO A%
BOT . T7AIPY Ty M eRCBZRLTRE) ZET A—RILDAEY ERE%
BOTIENTEET,

15.2.3 XE)arhra—5 (AEVOFIET IV —
j)

AEYDEHIET IV —T (cgroup) BEEN R ERIFE. A—RILDIATVRSAUIC
cgroup_disable=memory #EBINT 5T, COMEEABEMLTHIENTEZE
T CNUICEY I—RILDXE S HEZETVRTHIENTELY,

15.3 REBAEYTR—I+¥ (VM) ITHIF
BFaA—=2 T IRSA—=H

VM &Fa1—=vJ 92568 . F1—=V/RICERE LAIEE N EEOLIEICKHL
TRZRIRBINZZETICE. LESKOBENMBETHIIE BB TIHNEDN
HYUVFT FTAEN 1 B2BLTELTDLIDB ST REIEETTIE £
BRBRBFVEREDILILEEIRDUETI . ILICEIE. HIFEDFM T
=Ty amE EIEZEEDN, HIORETRIENRICRDIHEEHYFT,

15.3.1 B&EX

/proc/sys/vm/swappiness

ZOHIEIZ. A—RILDEBEAEVERDYTFIONIEZE R—IUxvya
PEDMDF vy 2t B LIIGEDEEARETIENDTY , ZDES 1E
m3gz&E A0y FUEBHNZLL ALY ET BEEMEIT 60 T,

2797 D 1/0 IE. —fRICFDMD 1/ ICLERTHEAAZIKEBVNEDTY,
LOLARDS, R—I vy a1 ROR—JICELOTIE IFEAEFRAINT W
WEBEXENLYESEBICT IV ERAINDIZENHYET, ZD7<H, IELLWN
SUREEDMENHYET,

XE)VEBY TV RTLDFa—=VY

183



184

WIBHNELR>TWBBRICR 7Y TOIELNEAIINDIZE. CDNTA—F%
INSKERETDEFRTEDIGEDDHYET /. ZED 1/0 EMENEFIETD
BET YATLARDR—IUXry 1 8B DRVNES. £ LT KR
REICHBT TV r—2avh S HEELTWSLOIRIZGE. COES IBMIE
BIETHRENNETZHZEAENHYET,

L EVEL DT IRV TTIRNINDE. TNODT—I D BEIC
BTGB AT TN T — 9 %A T DICKREZBR T 5L IICBIEIC
FRLTLEE,

/proc/sys/vm/vfs cache pressure

ZDfEIX VFS Fvv P allERINTUWBAAEY AIBDHIITEEDOH—RILD
B{EERAE, R—I vy aP RV T EDLLERTHIETIZ2EDTT . IO E
EEINXEZE, VFS FvviaDiBHIr THERAEMLET,

CDEICDWTEEERREITEDHT WOERTRELDOMNMNIEHLWEET
9, slabtop AY VK (procps /X —Y W) TlE A—RIVEAITHERALTWS
ABRYATILIMIDWT, BLFERAINTWEREDERTITDIIENTEE
9, VFS Fvvald "dentry" & " _inode_cache" EWDA TV IREZ TR
TINFET, INLDBENR—IF vy a|llERTAEIABELHELT
WBIBE. COEEEMIERELNTLED Fo, ZOEMICLY, RTY T
BA PRKIERIEETEET BEEEIK 100 TY,

/proc/sys/vm/min_free kbytes

DB TPRIvR] EYET (EHILTNEAFH TEXAVEYLT) &
EVRFRAFHEBEFICEFTENRITNIEARS W ABYEAXFIEILE
T NI AEVFERICEAL TERRF 21—V 7 Lk ORIBEEERVT,
NSRBI RETIHRVMETY BRI —NT7T)r—2aviYUsias
AAEBREIFICERRERETY) AT 771ILAIC IR—VEIY HTOERK
(page allocation failure) ] Xyt—Y &Ry IR —RABERICHAIND
LORIFEIF. INLD TS5—HHAARBIEEZET min_free_kbytes &K
IFBIEDNTEET, INLDAYE—INIFEAERELBVWEOIRERIET
S RABAEZEZZVEL HYFEABEMEIE RAM DREICE>TRFYE
ER

15.3.2 1My y (WMEERL) /85 X—%

openSUSE 10 LD /N—2 3> TR ZAMNYIEBIHEICBIT2EERET R &
LT 7Z7MILDEREINT= mmap() X EUDEIBISENAATYELTHRDNS

VRTLDWEF A=V THAR



(BERITMVEI’HDZEDELTHRDONS) EWDIELRHYET UBIDN—V 3>
TiE mmap() BEERIN/EP. msync() DY RTFAIA—ILHFOHIN R,
FHRIEAEBVICH L THEREDERBIBEER > IIGRICETRINIET,

T)r—2avil&oTE mmap() IS 3 LEEDEKRERELSFEYDED
TlE 1< HEEDE B RIG AN HYE T, Berkeley DB (BLUZDYINITT %
FARALTWET7 I r—3)) IICDBEICEEFNDYINIITD 1 DTHY, &
NICE > TRIBARELE T, CORBEICHLTIE, 51y (EXRL) OEIE
EEBEIECT IETEE T AIENTEET,

/proc/sys/vm/dirty background ratio

INIEZEEIRELIEDIUTHRAXE)DEIEEZHRETIEDTY 5Nk
(TARVICEZAVBEDH D) R—IF vy afNIITHRELLEIEZ B
ZBEFAMYY (BERL) ALYRDNEBLTENLAE)Z TARVICE
SRLITEREIEIL 10 (%) TY.

/proc/sys/vm/dirty ratio

ERICBAETT L. CDEZBBLIZRIE R—TFryall FX
RUT TV r—2avid—RELEIEON. S\ (BEXAH) LEHLBIE
TBHEIICBYEY BEEEIL 40 (%) TY,

NG 2 DDEIK R—IUFryoaDIMM\vy (EXRL) BMEICHELRX 525
HEDTT . INODEEAEINITRE, VAT LARICISRZFNIAE)E RUE
BIRERTBLIICARYET VAT LARICIORDFENIATYDNBEETD Z&ITh
BE.SAMNNYINIED 1/0 BREIFDIEICE>TRIL—T Y E WETEDIEN
I, ISICEER 1/O WIBATRITENTEBEIC RYFT  L7ELE
NIEAT)DEIEZDE AT EBOIITRITIIE BSRWNEER, TARAIA
DEZRLOMBEINRELEICT —YDEEM (sync) RAVNTRENFELET
rTEICRYET,

15.3.3 A/ N\TA—H

/sys/block/<7/V+4 X>/queue/read ahead kb

1 DFAIEHOTOERAN I771 IV EIBICGRA TS TWSIHE, H—FRIL
I 7aERBICSH LT T—YDHmARAAEEDNRELLRWVWLIIIT B8,
771V ERIE > THRMAAT (xmH L Q) BXFT . REOEFHEIT FIHY
ICETE SN HEMAITAR>TWT. ENRIT 1/0 DEFRBYICGEHZEFNT W

XE)VEBY TV RTLDFa—=VY
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BZOMIEL>TRFEVET, CDNSA—ITIK  B—DIT7MILICTH LT A—=F
WD EFRATEIRARELXRELET, 771N DFHHFAHDE, EF EHYD
FAIAAD TR RN EDN DI 275 E L, COEFIENTIE THRIRT
DIGENHYET, CDEERIKLIETCLEIE EFAHFRALAER—Y
FryaMFERAINDZIVERNIIIBEDIITONTLED BENEZILNSIF
MNAER /O ICE>TEMEINELAR>TLEDIGEDN HYFE T BLEE I 512
(FO/1N) TY,

15.3.4 ¥572% VM /A5 X—%

VM DF 21—V TBEED/INTA—=FIZDWT, T2 R—&IL /usr/src/linux/
Documentation/sysctl/vm. txt 774 JL (kernel-source /\vo—IR) ITEH N

TWEY,

15.4 FEY—BAEYFHER (Non-
Uniform Memory Access (NUMA))

VM IZDWTEDI—DEEICRYDDHBEEIE LT @Y NUMA EIY T &
BRAIRM T BEVIBRELHYET, NUMA EIFFE—RIXEYFIOERD BET,
SHIZBITBTILFVAYRNIDH —/NE NUMA ISR LTWET, NUMA 1ZR
Ty IRy a1 MEEE CERTABEDEZDEREEIET. NUMA DAEYE
YU TOHREICHDTUI. ZHORF 22XV IMPREHEINTWET R—DDIED
TTICEDLBETIE. FTERED 1 DONRSA—49H FELET:

/proc/sys/vm/zone reclaim mode

TDINSA—=HE MDD/ —RETEZLDAEY N EEITHEO>TVWBIBATE, X
TYDIBHIITUIEAO—HILD NUMA /—RTEFTTEINEIDEHIE L
9, 2D/IRSA—HIF. X552 NUMA BHEDSEENTRDORTWETY Y
THNIE, BEMNICEMIREINET,

NUMA XYY ETVM Fvyafh g RTOAE) A HETEIENEFFITIN
2\ 334, zone_reclaim_mode & 1 ICERETAIENTEXT, 0 2% F
T5E CDIIBEIEFERUMICLET,

15.5 VM El{EDEZR

VM DEMEEBEIR T BICH > TUE FERDOLOIRI VT ILARY—ILHHYET:

VRTLDWEF A=V THAR



1.vmstat: ZDY—ILTl&, VM DIRETR>TWBANEBICDOWT, ZOMELE R
TRIEBRIENTELTHLL 2.1.13F Tvmstat] (10 R—) ABHMH
I,

2./proc/meminfo: CDIT7AILTIE FNEFNATE)D EDLDITHERINTWS
OO ERRHICR DO LIZEDERRTEET, 7 L<IE 2.4.218 [FlAAE)E
F=: /proc/meminfo] (29 R—) AHFHmHA LI,

3.slabtop: Z2DY—ILTIE. H—ILD slab XFEYR/NyT7 ANYyR, FALIRY

IV M) inode ¥y a, ext3 inode_cache AEIC DWT, BB EHRE
RRTDBIEDTEFT , ZDAYYRIE, procps N\wTr—IJICEFNTWET,

AERVEBYTORATFLDFa—=vy 187






KYNI—HODFa—=2Y

FYNT—=OH T RT AIILEBEEM L THEA T Fa— VT LIS AT A
D FERAYFIAICKREUEKELET . ZNUMCE. BFEVDRYRNT—I R THI A
LT WBYIRNIITTIZAT VRN N=RIITT7IAVER—R VN (RAYF IL—4,
F—=hoIA712E) BREABERICEREIEKELE T, Linux A—FRILTIE (558
MEZD, F—/IANYRDEIPRI—TYNDEILYEEBEED VAR I%E RO/
A TVWET , ZFDOMDEEIF X1 TA5BOITIHAREMED HBED
EHYUETH, CNICL > THREANETDIEETEET,

16.1 A—RILDYV/ry b3y I77DERE

FYRNT—IEB S EICBERICERYS TCP/IP 7OMILEYT YN 15—
TTAREEBICLTWET, TCP/IP ICDWT, LI F13F XwvrhT7—2D
B (1) I7LVR) ABFHHLEEIWN, Linux H—RILIE YTy kv o75F A
LTYT YRV I—TIAARBRATODT —YEZESE 1THRVWET, hA—XRILAIDY
HyRNNY TP DWTFa—=V T ORMAHYET,

EE: TCP 0BEEIFa1—=27I1CDWT

A—RIWIN—=3Y 2.6.17 LETIE AT 4 [MB] FTON\vI7H (X
D ZEBEFa—=—vIi M ThbINET  ChICKY, FIEEXTOF1—=
VIIE IFEAEDIZE . RYRNT—IHEEANETDZIEITEDARNSYER
AoFETo. FRICRIZHRUIDWTIAEZEEZMARWIOIN LY LW E
RTHZHED HBI1IH. VK EEFa—Z VT EEIILVYFEEREATERD
WELAHYET,

rYNT—=ODFa—=7 189
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WA=V DA—RIDSEHFLTWBIGEIE. CNSFFEICLS
TCP Fa—=VJlE. BEFa—=— /A BT 28 SN SBYBRWNT
BREBRETYT,

/proc 77V AT ARICTFET DRIFRT7A1IV T A—FRILDV Iy kXY
T7DYARXERNEEERTHIENTELT, /proc T7MILY AT LICDWT &
L<IE 2.618 [/proc 77MIV AT L] (34 R—D) BFGmH<LIEIWVN, Ry NT—2
BHED 771 IVIETFEDTALIRNICHYET:

/proc/sys/net/core

/proc/sys/net/ipvéd
/proc/sys/net/ipv6

—HREYAR net LFOZEHUCDOWTIE, A—RILD RFaxyF—3> (Linux/
Documentation/sysctl/net. txt) TEEAINTWEY, ipvd LT DRERARZE
U DWW, Linux/Documentation/networking/ip-sysctl. txt & Linux/
Documentation/networking/ipvs-sysctl. txt CEREAINTVWET,

/proc 774V AT LARTIE, 72EZETARTO AR LI/ LTERRY Y R
ZENYITFHAZXPRRYITYNMEE N I7 A X R ETDHIENTESIED,
TCP 7ORIJL (ipvd W) ISR L TCOHEERET HIEETEET, TDIEMN TART
DO7ARIICRH U T EEXREETAIEETEZET (core)
/proc/sys/net/ipv4/tcp moderate rcvbuf

/proc/sys/net/ipvd/tcp moderate rcvbuf A 1 ICEREINTWSIHE. B
HF 12—V HDEMICEREIN Ny I7 A INEHTREINET,

/proc/sys/net/ipv4/tcp rmem

CITRARING 3 DDEIR. TNETN 1 EHEHLYDXEYZENYT7 H
AZXDEIME/ WEE, HFKIEEZRDLET . CCTIEET DA XL, TCP
DIAVRIHA XTI R ERDAE)VFHETY,

/proc/sys/net/ipv4/tcp wmem

tcp_rmem EEUT, 2ELIE 1 EHEH/ZYDAEY EENNYIT7H A XDHRN
B/ #HE SKEZRELET,

/proc/sys/net/core/rmem_max

TV r—avQINLERARER ZENYIFH I XDEKREEZRELE
ED

VRTLDWEF A=V THAR



/proc/sys/net/core/wmem max

TV r—av I LBRRAEER EEN\YIFH A XDEKREEZRELE
ER

/proc ZFIHTBIET.AER TCP g2\t 5 ETEXY (BIETIE
FTARTD TCP HEENEMIEREINTWET) /&2 FERDOLHIRT7AILD
HYET:

/proc/sys/net/ipvd/tcp timestamps

TCP #4 LRV FIE RFC1323 TEHINTLWSEDTT,
/proc/sys/net/ipvd/tcp window scaling

TCP DVAVRIRT—) 7% RFC 1323 TEZINTWBEDTT,
/proc/sys/net/ipv4/tcp sack

BIREERIGE (SACK) DEEEEITRVET,

sysctl ATV REFBTEIET., /proc 77V AT LARICHDIEN AGFHE
XFBDIE N TEEY, sysctl (d /ete/sysctl. conf T7A )L &FEAHAL T HEA
ICRS>TWBD, VAT LAOBREHEZRLRELEHRIE fITDIENTERE
W) R T, cat (FiAA#H) ¥ echo (BEXIAA) ZFIAT2LYIEE R HFETT,
sysctl ZR AT EE. TR TOEHEZTDEEFHMAOIED BREICITRAET,
root TREDLIRIATYRERTTSE, TCPEAEDRELA—ERTTHIE
NTEET:

sysctl -a | grep tcp

¥R RYMNI—OBEBOF 21— L BRERICOWT

FYRND—VBEEDLEHAEF1—=2TFBHTET, CPU RXERE D
VATLAEBRICHELN HDIGEDHYET,

16.2 XYM 7—ODRMVRYIMRHEE
RKYNIT—=D NS4 DD

FYNT—=DF 21—V JETRIFIT, RYRT—=JRIDR ML RV I Xy hT—
DS 749D IR = IDWT. HOEDNLDETNSEZXFLTHL TENEETY,

XYNT—=ODFa—=29
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INOEDRMLRYIEFREBTBIH=2TE WLKDOHDD V—ILEFBETEDOH L
WTL&D,

XYNT—O NS T4y DB HTICIE, netstat, tepdump, wireshark ZED LD AR
Y—ILHMEFI T, Wireshark IERYNT—I NS T4v DR HRTOTS L T,

16.3 netffilter

Linux D774 7 04— )L A HL—REEEIL, netfilter SRS 2 H—XIL E
Ja— LR T BHEETT, INDIFIL—ILR—ADTL—LT—I T . BEIC
HAIRARXGTBIENTEET  HBIRYNT—I NIy MDRFEDIL—IVICEE Y
T3&, netfilter [FIL—ILTEREINTVWREBY /Iy NEZIFANEY IEEL
72U ELIET RL AZ 7 E D IR (T4 =k ]) Z1TRWET,

netfilter ICZIZZ DR EEENEETELH. INEZELTEMEL’HYE
T, ZDDH. ZLDIL—ILHEREINTWBIGE. TNEIF/Nry NONIE B
BA BIDBIEITRYET, . BEREFEEEEE (connection tracking) %
FEALTWAEHEI. CNE LB ARIRERICARZ70H. 7y NT—J 0 24k
EFEEIEBRREICADBANDHYET,

£ L<IZ netfilter/iptables ”AY TV hD Web R— http://
www, netfilter.org ZHFHHIEIN,

16.4 X551

» 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/fLinux

AT LDTEFI—=VTHAR


http://www.netfilter.org
http://www.netfilter.org
http://www.redbooks.ibm.com/redpapers/abstracts/redp4285.html
http://www.redbooks.ibm.com/redpapers/abstracts/redp4285.html
http://www.psc.edu/networking/projects/tcptune/#Linux
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M—RY—b

openSUSE TIE, BFEWVD YR T AICE T BEFQIEREIRINT 572D D R4
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

TORRTRU T RTLRIATSYRCHLO M —R (GEHF) Z21TA>7
BE.TOTOLADHEEIIKRECELE T, TDH NL—RAEEDY —
IE T—H DINEETARIEZITEIFTFIALLEIN,

17.1 strace Z2FIB L7 AFAL0—)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

195



196

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 (X TARRICHTIENLDSATSURVPHLE BIFLET, strace ({8
IeHAEEFERTBEDT, NIA—YDEZLELUBo>TWEY, £<EALEKTH>
=Y LFET BEETIE Ltrace |& /etc/ltrace. conf F7/=ld 7/. Ltrace. conf ICH
DERETFANEFERALEY, F RETZ 77/ 2EATE ZETHREDRE
T7AIVEIBETDIEETEET,

SATSYDEVHLICINA T, ltrace Tl -S A7 avTU AT AO— )L AR
1B BT EHTEET:

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) = Qx7f1327ea1000
SYS mmap(0, 4096, 3, 34, Oxffffffff) = 0x711327¢a0000
[...]

fnmatch(”xorg. conf”, “xorg.conf”, 0) =0
free(0x0062db80) = <void>
__errno_location() = 0x7f1327¢5d698

ctype get mb cur max(@x7fff25227af0, 8192, 0x62¢020, -1, 0) = 6
_ctype get mb_cur max(0x7Fff25227af0, 18, Ox7f1327e5d6f0, Ox7fff25227af0,
0x62e031) = 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 VavAENETEIIET B TE2ARVNDIEES EETLHIENTEE
9, FEBDHITIX, fnmatch & strlen OEICEAELAESATSYRTHLICD
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

[...]

BEDSATIVILEFNEZVVRIVEITERRTBICIE, -l ST YAD/Y
X HERALETY:
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tux@mercury:™> ltrace -l /lib64/Llibrt.so.1 sleep 1

clock gettime(1, 0x7fff4b5c34d0, 0, 0, 0) =0
clock gettime(1, Ox7fffd4b5c34c0, Oxffffffffff600180, -1, 0) = 0
+++ exited (status 0) +++

-n FHH HI/ETDHIET, TRNTNBIFENICECHINTWSESIT SR
HUICDWT ZNH%E AV TV RRRIEBIENTEF T , NS> T A%
HAPTL TRIENTEET,

17.3 Valgrind 2§ LT /v &S
A7714)b

Valgrind IZBBWVD 7OV S AICRLTT NNy TO771 ILEEEIRE T2
Y—ILET. BRICIS—EH<EFTERH A TT, Valgrind I& XEUEEP
ALY RALERICRES HRIEAMRE THIENTEDIEN FILWL TN TY— )L %
LIBEDIL—LT—VELTEFHATEIENTEET,

17.3.1 1 A=)V

Valgrind (ZZ#D openSUSE BHAMICIEE TN TOWERHA. BFEVD YR T A
ICAVARN=ILTBITIE SUSE VIR 7R FYN ZREL. PRAVERELT
BimLE HE,

zypper install valgrind #E£{TLE9,

FTNLATE, SUSE VIRIITREFYN OT4LIMN)Y)—%SHRLT
Valgrind /X\wsr—2 D 5% R DT,

rom =i valgrind-/V—=>3> "F7—FF2F . romn DEIICETLTENFWV
FtHA,.

17.3.2 Y R— I N RDOTF—FTIF v

Valgrind I FEEDT7—F TV F v CTHELZET:
+ i386
. x86_64 (AMD-64)

VRTLDWEF A=V THAR



* ppc
* ppc64

» System z

17.3.3 — IR 154

Valgrind 2R3 2 F2BMIE BEEOIV/RMILEARERITI7MILEFA LT
AETZHEVDIRIIHYET, Valgrind 2FERTBICHI>TIAV/MIL LELE
Y. AV SLEBELEYTZREXHYFE A, Valgrind 1 FEEDLIICLT
ETLET:

valgrind Valgrind 077> 3> TATSL O S5Lp4 7> 5>

Valgrind (F8RE DY —IL OB INTLWT, ZNETNDY —ILIZE B DR
AEINTVWET, I COEICEFTRIFRIE FEAT Y —IVICBERE KB
I FIAATREREDEFEBNLTVE T, ZOHRTEREEERZRELS TVavik
-—tool T.ZDA T aviE Valgrind ICHLTRITTE VI EIEETE/HD
EDTY DA TavaEIET 5L, BEE T memcheck AMBIRINF T &2 E
Valgrind @ memcheck *—)L% find =~ -name .bashrc EWD ATV R4 IINT
LT EITLEWMEEIE FTERDLIICAALET:

valgrind ——tool=memcheck find ~ —-name .bashrc

Fro, FERICIFEBEMA: Valgrind Y—ILE, ZNICDWTOBEEAHBAERLE
9

memcheck

AEYIS—DREETRVET . BEVDOTOTSLDNELLEIET D £
DEEHDHBIENTEET,

cachegrind

FryvlaDFRETOAI7MIVLET . BFEVDTOTS LD SEIC EETS
NEIDEEIDDBIENTEET,

callgrind

cachegrind ICl/zBIEA1TRWE T A, vy a7 O771IVIEREZBINT
INELZET,

f—RYV—Ib
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exp-drd

ALYRIS—AMRELFT ERMDODALYRIEMETDTOTSLICDWT, IE
LLENMET BN EIN AN DBIENTEFT,

helgrind

£ 1 DDALYRIS—IRHERTY, exp-drd ICEI/ARBETY A FIED S
MEICR DR ZERLEY.

massif
E—=7D7A771MIETRVWET =T EIFERICEIY Y TSNB91TD
AFEVEFBOIET, ZNICL>TEFEVNDOTOTS L ALY DRWXEY T &)
ETCEBIDI Fa—=V T TBIENTEET,

lackey

EARANSEHAEERTELODY YT ILY—ILTT,

17.3.4 BEDA T3y

Valgrind QBB ICH T2 avEma_AHET A T2aVIETERD 3 EED 5
FRCHEETEIT:

1.Valgrind #3179 31— DKR—LT1LIKN)AIZHS . valgrindrc 771
Vs

2. IB1EZ# $VALGRIND OPTS ,
3.Valgrind 28I L/=BF R TD ALV 4L IR)IZHS . valgrindre 771 )b,

INSDNRNTA—8F LEEDIEFTURIEIN, 2B TODREITFIE TDERE
B EEXTEIENTERLIIA>TVWETHFED Valgrind ICH T 3EH
D AFaviEV—IL&ICEIFTaaY () 28U Z0RICH T av s
TR ET fz&xUE cachegrind I LT, TATZ7MIVT—9%Whg /tmp/
cachegrind PID. log 77 ILICEZRAFE-WIGEIE. K—LT1LINIHED
.valgrindrc 774V T, FEEDLIIERELZET:

—--cachegrind:cachegrind-out-file=/tmp/cachegrind %p. log

VRTLDWEF A=V THAR



17.3.5 Valgrind OE){EIRE

Valgrind (& KD TOV S LW EEN T ZRIDERFEDOHIEHEER/TDELDIC
BoTWET EFFTIEERIT 771D T N\ T EREFHAH BETIHE S
AT aFHmAHARET ET7710)VROI—RIFEIR L Valgrind Y —JLIC
EEIN Y —IET NI TR F2HDI—REBMLET, HREICI—RIE
Valgrind OHREIBDICREIN, RITHFEBINET,

=& Z X memcheck Tl ZRZFNDAXAE) 7O IIRHLTF v o &iTHASII—R
EBILET, CNICEY, RM T4 7R T RIBICHEARZET 2 &BVEIMEICAS
TLEWET,

Valgrind Ti&. 7OV LROEZMEETIaL— N ET, TDH, TOT5 A
DOA—REFIvITBEITIIRL . BETESIM1T3Y (CATIVEED) ¥
STAANBBDSATSVREICDVWTEFIVIAE TRITENTEFT, DFY,
Valgrind TZLS>—%RHE 355813 BETS 51473 (C, X11, Gtk 2475
DRE) ICETRIS—HFIvI95IEIl RYFET  INODIS—HRERS
&l Valgrind ISR EEITROITET HAOEEETEIENTEEY, ——gen-
suppressions=yes ZI8ET DL INOEBELIZEDELR—MNIEZIENTEE
ER

723 Valgrind #2179 313, EBEDOET 774V (X2 O—NR) IZH LT E17T
LTIV 72 2L IV Perl RV TS T A r—avha BT 5E.
/bin/sh % /usr/bin/per| ZFETBIEICHR>TLEW Bo>ERAELSL
TLEWET, ZDLI% B AL ——trace-children=yes & IEETHH. H LI

SIIVPRY) TR TR BIT 771V EIEELTEIT LTLETWY,

17.3.6 Xyt—Y

Valgrind ®ETHICIK FHBRIS—RABPEERARV SO XAvE—ID
PERFRTIINF T LE AL TFROLDIRYET:

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 O0x400AE82: dl relocate object (in /lib64/ld-2.11.1.s0)
==6558== by 0x4003868: dl main (in /Llib64/ld-2.11.1.s0)
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[...]

==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: 0 bytes in 0 blocks.
==6558== possibly lost: @ bytes in 0 blocks.
==6558== still reachable: 2,228 bytes in 8 blocks.
==6558== suppressed: 0 bytes in 0 blocks.

==6558== Rerun with --leak-check=full to see details of leaked memory.

==6558== &L L CRIRINTWLWSEEILTOEAD ID &S (PID) T. ZhIlHTF
T Valgrind D50 Xy E—IUARRINET, ChiIl&U 7OV S LBEALISDH
& Valgrind hoDHEAERKRTEIE N TEZIEN. EDTORRIZETEAY
T—IRODMDDOIBLIITES>T WET,

Valgrind DXy tE—2%LYGFMICKRTRLIEWGEIE, v P -v -v D&A T3
VEERLEY.

EHAMICIE Valgrind BB EDXAvE—U% 3 BRFICHANTHIEN TEXFE
ER

1.BEETIE Valgrind BB BDAvE—%T7MIVTARI)TH 2 1 &5
LET. INIE—RMICITEETS—H A (stderr) EEIENTWAED T, B
DIFAINTARD ) THIEEIE-WERIE. —log-fd=T 77 /T 7 X2
Y 79ES XA TavnaFERLET,

22 ZEEHDH AELELTIE, ——log-file=7 77 /& TIETDZI7MILHAN
HYFT BB, IO Tav TR DI DT A FRTIIENTEET . =
EZUT % XV IRETOT7714)L ShTws7O220 7O+ ID (PID) ICEX
BZBIENTELET D AREFERTSE. TOER ID TEILERZT7MIL
ICHADIEBTEN TEZXT,F7 %a{env var} TlE. env var DERIERD
BETHICOVWT. BEINT WAEICEXMABIENTEET,

TE2DHITIE, Apache Web H—/ A\ EEENTBREICAT)ITS—HIFIELT
WERWHEIDEF VI LTWET, ZDEE, FFOBRICDOWTEF VY %
TEOIEDEL, 54 Valgrind DhSDAvE—JIETNZHIRED 7OER
ID TRINZI77MIICHEALTUVET:

tux@mercury:~> valgrind -v —-—-tool=memcheck --trace-children=yes ¥
—-log-file=valgrind pid %p. log rcapache2 restart

VRTLDWEF A=V THAR



ZO7OERETAN ZTLRIC 52 BOOT 774V %YERK L. Valgrind %

FALBWESIIEE 7 WIZEHN NS rcapache? restart ATV RH 10 &

D75 WIREIIDBREBEBTHDIEDELET . T5&, FEEDLIAR RRICAYE
ERS

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

valgrind pid 11863. log

3.Valgrind DXy tE—Y %Ry NT—IRBTEFLEVWG S EhEh
aa.bb.cc.dd DA TIP 7RL A%, BS O TR—I ESEHEL, —-
log-socket=aa. bb. cc.dd:port num DEHICLTEFTLET . A—IBESEE
BEL7=3B AL, 1500 MMERAINZET,

BH EEXDTI VAN Valgrind DXYE—VAZ(ETBH, 7TV —
avERETILENIHYET . ZOT7F)r—av LTI, Valgrind B4R
® valgrind-listener ZFIHTZDHN LWTLLD, ZNIFIEELR—NTE
BAEFLZII T ZELE AvE—VU%BERDICHALET,

17.3.7 TS5—Ayt—Y

Valgrind [ RTOIS—AvtE—Y%RBEL FHILLWIS—%2RETEHE LT
S—=Xyt—IEDBITRONET, CDAEICLY, Valgrind (& T5— ></
T—VDEEEFIVILTWET EELIIS—THBIEN HIBALIGE . Z
NIFERBEIND LT TRRIIINFRA. CNICLY . HEZLL DTS XyE—ID
RIAINBZEICEBREEZHSCLIITR>TVET,

BH, -vATavEIRETHIET, Valgrind DEITH HODREICELR—
NOBE (RELPE) #RTIITDZIENTEET, 7L, Valgrind I& 1,000
EEUEDERZIS—%RELIIGZEY. £287T 10,000,000 @L/LJ:@I
T—HRBLIGEIF. T7—INEEELELTLEIZE ITEFRLTEIW, Z
DFIREEYVIADTIRTDIST—RXyvtE—I %K R IEWIGEIE, ——error-
Limit=no Z#gE L TLEELY,

T HBIT—DRDIS—Z2TRITIHZEELHYET . IOLIRIZEIF. F
ELEIEFREBYICRIBEBLEL. TRV LEBEFIvITHIE % BEIHLE
-3_0
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17.4 X535 1658

o EROMN—RY—IIEELLA T avii oW B2 A—BAFTH WV
BRI EFNTNDOY=27)L_X— (man 1 strace, man 1 Lltrace, man 1
valgrind) Z8FHLIEIN,

« Valgrind D&Y EERFERAEICET %513, Valgrind User Manual
[http://valgrind.org/docs/manual/manual, html] (3258) AHFmH LI,
INBDR—IF Valgrind ZEELHKEEZERALLY REY—ILOBRALE
PEHMWZ FARLYLEWEEICIERLZEDTERVWEDTT,

206 JRTLDWMEFI—ZVITHAR


http://valgrind.org/docs/manual/manual.html

kexec & kdump

kexec [FIREEITHDH—RILEIFRIDOH—RILEBEINTE/-DDY—ILTT,
CNICEY N—RITT7OWMELVFEA L LT LYUBERV AT LDRE &
TRITENTEZT, FLVRTLDISY LGB A DO A—RILE
EET2ODEFELTERBETEIENTEET,

18.1 HiE

kexec ZF|ATEHZET. N—ROIT7AIOBEEZFATEIELALLEITHOD
H—RIWEANBZBZIENTEFT, ZDY—ILIETFEROLIRIERICLY, EF
R HEMTE>TWET:

SJYUEEL AT LBREIDH

ASHDEBHTY AT LZERMICEEE LAITNIERSRWNGE. kexec I&
BRI IEEEYRTEIENTEET,

BRETEAVI7T—LADITON—RIIT7OLED 5D

AVE2—9DN—ROITTIIERLEDICHE>TLE>TWT, EXABEENY
AT LDBBEFICRELTLEIBELHYET, COLIA 55, BIEFICETE
DTERWN—RVITERYBZZHENHYETH. kexec ZFHTEIE
T N—ROI7HBLCH b I, flfEa ge e KETH—RILEEENI TS
ENTEFT , CNICED T VRTLD BFNELBMLTLED) AV =T/ RIC
HABIENTEET,

759y aLleh—RILDI VT IRIED =8

kexec & kdump 207
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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 D E=ERALAWEEI DD

kexec ZFIALTH—RILZRBT25E. 7T —rO—F DFIRZRIEL T EfF
LET . IhICLY BEDORELEDN, T—bO—FRIDREIRIC Lo TEK
LTLEILDIRY RV B ZENTEET, kexec Tk, BEFDT—hO—%
REEFERLIEA,

18.2 BRI\ —

openSUSE® LT kexec ZBEEIDER(ILPEIENL/N—RIITT BE%E

1T27=0IEALEWESIL. kexec-tools /1w —S ALV AN—ILTBREN
HYFT, ZD/\yr—I I kexec-boot loader EVWH RV TR EZFENTLT,
ZIHH T—hO—Y DR EEFTAHIAH kexec ZBEDT—hO—FH 177D

DERLATVaVEEETH—RIERBINTEIIENTEET, kexec-boot loader
-h 2#E£1T795&, FIATRERA TV ay—BARRTEIIENTEZET,

H—=RIWIZY 2D BREBT N\ IEHREME CTISIIIREBELERE T
BITlE, I5(C makedumpfile /Ny —% AV RAMN—ILTBELIHYET,

openSUSE T kdump Z{FERE 921X, YaST D Kdump EVa—IL&f#
92D 8&8HTT, oL AERELT root MIRARITALY), zypper install
yast2-kdump A31TL. yast2-kdump /Xwr—% A ZAR—)LLTLIEE WY,

18.3 kexec DRI

kexec CEHRHEBEARIVR—IXY ML /sbin/kexec A¥VRTT, kexec AFIAL
TH—RIVEFZFMADE, 2 TBEDHET HZHALIENTIFET:

s kexec -l H—FN14X— ELTERITIDEBEOBEEDLDIC, AF
DA—FID FHETDT7RLREEICH—RIVEFZHFALIENTEE T 5
AATIRIZ, kexec e TH—RILERFHTBIED TEXET,

VRTLDWEF A=V THAR



o kexec -p H—FN4 X— ELTRITITDE A—RILEFHBEERICTKH
ALZTENTEFT, TNICLY. ZOHD—RIVIES AT LISy 2B
FMINDLIIC BYET,

VRATFLDISY AL ERICDA—RILEREL. ABRELTENET &
BALTWA—RILDT—95REFLEWGESIX. VAT LAAEYRICERD $8
HAEFHLTBMEIHYET , CDEX. ABHDA—RIVIEZFDMEE% FH
FTRIERAL BICEIFEOREICLTEEET, COMEEIEF v I T+ 15
FADOA—FIDEDT, ZNEFTHERALTCWAERBL—RIVOEEEZFREF T
BIHICHELET XEVEEBOFHNETAIICIL FBA—FRILOZEEFIC
crashkernel = # 7 X0F 7t v f EVWIIRSXA—IHBRELE T ABH,. ID/N5
A= EF v TFEEBD h—RIVISSA—=FITIEHYFEA. F¥TFvrh—%
JVEITIE kexec 2 §5Z&dHYEEA

Fr T FvA—RIVIEFRAOEFICHEAAEN A—RILDIFvL1T2D%
FHLET, kdump IZARBH—RILDIZv2192E FvTFrh—xIVE %
HITLEIELET . CNIBAERICEALTWEA—RIVIL ZDRFRTIE BEIC
BERTEXEDTIRHRBRWOTT, ZDIENLIFEICE> T kdump HERKT
I5ELHYET,

FrTFvh—RINEFEHFADITIE A—RILDREN/NSA—FRICTENOEERTE
LETBEIZHE RAM 771V X7 A (initrd) ZFRALTERELE T, #1H7
RAM 774 IV AT AL —initrd= 7 77 /L E OFATIEELET £/, —
append = IV NS 72 DEIIIBETRE EEITEHA—FRI/ILIIFLTATY
RSAUATIav%EBIN §5EDNTEET, CNIEEABHDOA—RILIRES
NTWe  A—RILDEENIC BEBAA T aVERETIDICENLIEEETT,
AEADH—RIVEREINT WBEDEIE—TBEIFTHNIE —append =
"$(cat /proc/cmdline)” EFRELTENEWEHA L. ——append = "$(cat /
proc/emdline) EWF 7> 32" ELTEMDEDERELTENFTFVEE A,

BEFRPARBEHADA—RINEWDTERHFAAERIRTDIENTEET, -1
T3V THRAAALA—FRINDFEHFIAHEBRIRT S ITIE, kexec -u AT VR
EHEALEYT, p AT VavTHRAAALRIZYAA—RIVDFEHFAH% BIRT
BIcid, kexec -p ~u ATV RAEFEALEY,

18.4 &M 4 kexec DFEAH*E

BEWVD kexec REBNIELEMEFT B AR T BICIE FTEEDFIEE EHEL
9

kexec & kdump
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1 REATAVFDOAI—IEEET . EELAY—ERITDWTEVRATALLT
BIELTWARWTEARESELET,

2 root TAYAVLET,
3 telinit 1 #EIFLT. VLRIV T ICBITLET,

4 RERDODA—FIVAICHBTRLAEZICH LT HLWA—RILEFGTHAD I
I, FEEDLIICEITLET:

kexec -l /boot/vmlinuz —-append="§(cat /proc/cmdline)” --initrd="
boot/initrd

B IL—RhI7ANI AT LERE . TRTDIIVNERITFAIVY AT L DI IR
% umount -a TCfER LET,

BEE: V- IPMIWVSRTFLDIIY MRBRICDWT

T7ANDRTLDI VY NefBIf T 2156 L<RETEHDH device is
busy EWDYEBE XYy E—ITT, IL—NI7MILY AT A S RT LD E]
ERDIBEICIEIYIY N iR TEXEHADT. EEXvE—JIFERL
THhEWEEA.

6 IL—KI7AIVY AT LEFHFAHFERE—NTHYIVMNET:
mount -o remount,ro /

7 kexec -e ZEITL. RATY 7 4 (210 R—2) THMAATHE W h—=I
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 BHREBHBABICRET
Y

kexec (FSERZICBREIATEIOLBETCLELIXFERINE T T/ &2 E
N—ROIT7OREIN—FVEETTEIDICRVWER—IDINBIEER. BHFDE
DY EETERVSOIRBRETEFERLEY,

3EC: kexec ZFIAL/-EiLE)

openSUSE® DLLRID/N—T 3V T ERET71J)L /etc/sysconfig/
shutdown & /etc/init.d/halt Z#REL T SR T LDBREREIDRIC
kexec ZFIATBLIICERETIHENHYFLRITO/N—23 > TlE
AT LITAINEFEERTRET IV ERFHYFEA/N—TYaY 11 LIRE
T HNUL BEIC kexec ZFIBTBLIICREINTVWSELHTY,

BB T O—4ET77—LITTICDWTIE, kexec ZFIBLE-BRED BRI
ERAINEZEIFBVNTEISERLTEIVW, T—ha—4 I/ LT 17882 4%
BHNEETZIHE.RED (W\—RFROIT70) BEFHETADLAWL RY, SREITHE
B|INET,

18.6 EA M7 kdump DERE

kdump 2FRT2IET H—RILDY VT HRETEIENTEET . A—FIL
NIy allcBa Vv Al RIBERADAE) A A—2%T74I0 AT LI
O —LTHLZET H—RIVISVVADRAEERRBIEDN TEXBHTT,Z
& a7y y 7] EBUET,

kdump & kexec (BEL<IX 5518%F kexec & kdump (207 R—Y) HHFRH#<
EEW) I EEE LET . T T Fryh—RIVEEBRDOD—RILD ISy a
L7z BICENMELIADDED T, kexec TRAZBHDOA—XILDBFYTFvhH—F

kexec & kdump
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WIC BEERDZEMEELTWELD, kdump TlZIS5yoalizAEBERBDH—
FILD FHETDATVERICOWT LAIERILK TV ERATERE WD RAERY
9, 2DIEMD, kdump A—FRILDREBEHANSI Ty aLlcA—RILDAE)
ATy ToayRERIT B5IENTEDLIITRO>TWET,

kdump IZFERTERETHIENTESIED, YaST 2F AL TITAITLE TE
ECN

18.6.1 FE¥T®D kdump B&E

kdump BB DR E% /etc/sysconfig/kdump 77 Il HSFRMAFHET, B

WDV RT LT kdump D ENMET B E%MERTBICIE. FTREEDERETI7ML

ZRALTITR>TEIW, kdump 2B DERED FHFEHT5ICIE, FEED

SORFIETITRWVET:

1 BHEVNDT = O—YDHRET7MIVIC, FERDLIRA—RIL DAYV RSV
T avEBILTC VAT LAEBREEILET:

crashkernel=%7 X074 7€ v ,

TNETN e F 7y A DEICIE. FTEEORIZENMNMTWBELEIEEL
E3

& 18.1 ENMDH—FINTTZRZA/VIX =S I SHLEE

F—%FT0F% HER(E

i386 HL U x86-64 crashkernel=256M: 0 - 12 GB LA
TOXE) BHEDHZE
crashkernel=512M: 13 - 48 GB
REDAE) BHEDHBE
crashkernel=1G: 49 - 128 GB #&
EDXAEY BHEDHZS
crashkernel=2G: 129 - 256 GB
REDAE) BHEDHE

IAG4 crashkernel=256M (/N

B 2T LDIHE) Fld
crashkernel=512M (K#BEHET 2
FLDIFR)
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F—X%T0F+% HELR(E

ppc64 crashkernel=128M@4M F7=I&
crashkernel=256M@M4 (K38
B RT LDIFE)

2 kdump #HEER V) SN EBFMICLET:
chkconfig boot. kdump on

3 /etc/sysconfig/kdump RDA T avikEAEIETS ZEETEXFET . ZNT
NEOEKRICOVWTE. ZNFRIAVMEIC EDhNTWBSRAABHMK LS
L,

4 rckdump start OERE ROV T REERTTEN ELUIIV AT LEBIEIL
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 ZFE{TLT. VLN T ICHIYEZET,

2 W—bRIPAIV AT LERLTRTDTARIDIT7AIVY AT LICDWT I
VINEERBRLET , ZNUE umount —a AT ITBEERTEIIENTIET,

3 IL—bRIFANIRATLITDWTE, FHBAHAAEZERE—RTHYIVN LET:
mount -o /‘E’IIIOUHZ‘, ro /

4 Magic SysRq ¥—IIX39% procfs DAV 9—TJx( A% FIALT, TAH—FRIL
NRZy) ] ZREIEET:

echo ¢ >/proc/sysrq-trigger

BE: h—XWIVTDH14X

KDUMP_KEEP OLD DUMPS # > 3> Tld. h—RIWY VT % RETHEH %
BT BIENTEET (BIE[EIF 5 TY) EBETAbARVIBE. YV
TOHAXIEIRATYEAE)DEHEICEFLLARYET, /var D/X—T+1
AVRIMHEBERBEDNHZNEIDE BRLTEIN,

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 yavRcoEmIY—X

X11 2y2avilA7 1Y LTWHIRET kdump OHEIEI T ICHITTSE,
BEEICIIECRTIDNAINAVEIEEOEIEAEFY (7Y—XL) F¥T,
kdump @iﬂ*@’)%@\ﬂ(’D?f)“ii’%‘.l’\?b‘bﬁﬁm?’%n_t75"5%33_ (T\.&Z.
FEEEICEBFOA—RIVICET R OBEN Ay E—IUNREbIY
LEY) .

IDEIRIHATH, AVEL—F%) 2y LIYIZLABRWTLES W,
kdump D EIMEETE T T2DICLIESKDRENUETHB/HTT,

18.6.2 YaST D& E

kdump % YaST DSE&RET BITIE, £ yast2-kdump /v —I %AV A R—)L

TEIMEDNHYET AVAM—ILDET LD, root 5 YaST aAvbO—LbtEY
H— D [ZXF74] A7AVRILHB [H—F/ Kdump]l V21— IV %=i&EEIT S
MELE AY YRSV T yast2 kdump EAHDLET,

B 18.1 YaST2 kdump €2—/b - XE§—pFvIX—

X YasT2
Kdump 28

7 . Kdump 030t /Rl

F X— )

Br O Kdump @I (W)

® Kdump OFEIIE (D)

(G

VRTLDWEF A=V THAR



F9 [Z2Z] 91V RITIE, [Kdump DEZIE] =RIRLET, kdump XEDIC
DWTIEBIEIEDEFETHEVNEFHALIFEAED Y RATALATHRREILR>TWL
B3/HTY,

RICERID—ET [>T/ 8] %8IRLET, TR IV FILEDR—I %
DI ERELET  DW—RINDBBEET NV T I H->TIL, FEEDXTEY
ABICDVWTIED R TEINFVEHA:

- FOTEHOLNIR—Y

e R=UDFvya

s A—YTF—HIR—Y

 FEhhTuwinR—Y

IS [F2T%] DIAVRITIH IV TDRERDEE SREFHLED URL &
BELET, FTP P SSH DRy r7—-7OMIL % BIRLEIES K. R ER
TOEABRICOVWTERELTROILELSHYET,

BWT [BFX—/EH] D94V RITIE, kdump ICRLT EFX—ILENL
FBHNAEEIERLODREETRIIENTEZFT, RERERELKRAL
5, [OK] AL TOA YV RIEF LT LKEIW B8, [(BEZei1ZE] D1 VK

DEFMALT LVHIAWEREETRIZEETEEY, INT kdump DEREILTE
TTY,

18.7 /5y a8V T DR

HoTI7A IV ERE LIS RISTNEBITTHRETY., 2NV D A
ENHYET,

SO THhBTHEDE>ELRIBIY—ILD GDB T3 . 1 53ARDEER
T GDB #FIHTBIENTEZTN. WO DAREERHIELHYET:

o GDB (ZH—RIVI VT DT\ T BICEELIZEVICIZ > TWER A,

+ GDB & 32 EYN TSy R T7+—LIZBEWT, ELF64 /X4 F1)ITIE HISLTWE
TA,

+ GDB X ELF ¥ Y TUAN DR EMBIRTEFZHA (EEY >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=W ET /Ny T LIZWGEIE. TV TIBRD /v —IIZDWTE H
S5MCDAIVARN=ILLTHEDMELIHYFET . BFEVDIATALICEHTS /Ny
T—IDBAVARN—ILENTWBHEIDEREERT BICIE. zypper se kernel |
grep debug ZZEITLTLEILY,

BEE: FRYTHBBRO/yr—I)RINY

BEVWDYRTLATHY AV EHOEFHRZITL>TVSIEA,
ldebuginfo] 7/3v4r—1d *-Debuginfo-Updates &EWDZFRDA V51V
AV ZARN=)L)RIMNIRICEELTWET, YaST ZF AL TIRI N A2F
MICERELTLEIL,

BEVOTYVTERINEY YT % crash TRKICIE, FEEOLHIARIATVRE
E1TLET:

crash /boot/vmlinux-2.6.32.8-0.1-default.gz /var/
crash/2010-04-23-11¥:17/vmcore

BAIDINSGA—=ITIEIA—RIARA=DEIBELE T, 2 DOHD/INSAXA—HTIE
kdump TERERIN/ZY VT I7MIVERELET YV T 771G BEETIE /
var/crash T4LIRN)RITREINET,

18.7.1 A—RIVDI(F)7F—=Tv b

Linux 1—xJLI Executable and Linkable Format (ELF) &L R TYERR
INTVWET, ZDT7MIVIEEE vmlinux EMEEHN, OV /(LB ORRICE Rz
ERINET . ITRTOT—bA—FTHR—N INTVWBEWIDIFTIEHYEE
A (BT x86 BBIE (1386, x86_64) LIS TIk ELF A FUICHISLTWET,
openSUSE® THR—IIND 7—F TV F v Tl Th TN TERDOLIRRR A
EDHYES,

18.7.1.1 x86 (i386 &L U x86_64)

ZUIER EDORBICLZEDTT D, Linux H—XIIF 2 BED/S—tD 5
MINET: 1 DI Linux A—RILENBEEH (vmlinux) . $5 1 DF7—bO—%
AEITIZ2EYN7YyTI—RTY,

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 X—2 1L x86 REBETIIEEFRAINDEIIXHYF A TDH, h—=F
W —S DARETHD vnlinux 770)0IE, EfEINA vmlinux, gz &EWHTE
A CEHREINET,

BT BE, x86 IBIED SUSE H—RIL/SwHr— 12k, 2 @D h—RILI74
IV EIETBIEICRYET:

o« J—hO—4TEITINS vnlinuz 77 (I,

+ crash > GDB THBETBEHE ELF 1 X— vmlinux. 9z 771 /b,

18.7.1.2 |1A64

IA64 7—F 59U F ¥ ET Linux h—XRIL%5EENT /oD T—hO—4% elilo T
I FICALSHDIEEEITRDHALTE ELF KR DHAAIHIT L TWET (FE
WBINTVBEDICERIGLTWETY) . 1A64 DA—RIL/ Ny —T1ZE vmlinuz
EMEND E#E ELF A XA—Y D771V DH DN EEFNTULWT, Thidk x86 IRIEIC
H1F% vmlinux. 9z Z71ILERLCHERDEDITR>TWET,

18.7.1.3 PPC LU PPC64

PPC IRIETId yaboot 7—hO—4%FERALETH,. TOT—bO—41F ELF A
A= DFEMAMIET L TWBEDD, EfEIN - BRITITIGELTWEE
Ao TDT=H, PPC FRDA—XIL/Syr—I|TI, ELF FER D Linux A—XILT7
AL vmlinux D FELTWET, crash 2FRT3ICHI->TE. £o2&H3k
W FTWTF—FFTIF v THBEEAET,

DT TY U TERITLEIELTWABIE S FFIAVE1—9D 7—FF2
Fr & TNV TICEBERIFTAIDEIELTUSIHEII AR LiaithidhyE
A,

DAV EL1—ITY VT EBRTBICH>TUL. ZTDOIVVTIEREAL 7—F T2

Fv®D Linux VAT LEEEIEZRENHYET, EFMEATEER 510K WA
DAVE2—4T uname -i #ETL. HADPELTHBIEEERLTIIZIN,

kexec & kdump
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BEMDAVEL—ITY VTS D55, kernel X kernel debug /S
T—=UIC8FENDTT7AIIVE BBERDBIEITEFRLTILEIL,

1 FFIFHA—RIVTVTE, /boot TALIZMNIIZ HBDH—RIAX—=VERELE
T F BEETDEZT/NNYITIEERI7(I)L% /usr/Lib/debug/boot T4L I KD
SERO B—F(LIMN)ICaE—-LET,

2 HhHET /Llib/modules/$(uname -r)/kernel/ F4LIRNIICHBDH—FRILE
Ja—)b&, /usr/Lib/debug/lib/modules/$(uname -r)/kernel/ 4L KY)
ICHDEETEZT /NI ERI7(ILEIE—LET, IE—5IE modules &Ly
IYTTFALIMITITERDT LI,

3 FVTEA—FRNAA=I BLUOH—RIVDT N\ TERI74IL.ELT
modules 47 TF4L U NIDEFEIET BIREET, crash I—FT1)T1%=EFHLET:

crash vmlinux-(/Y—="3>) vmcore

FEES: h—RIWAA—=IJITBYR—b

EBINA—RILA A= (gzip ICLDEBH AT, bzlmage 771
I& BREZET) ADOHIKICTDWTIE, SUSE /3w —UTld openSUSE®

11 LD N—=2ary THIGLTWE T, &A= 3V a BBV DIFE .
vmlinux. gz (x86 7—F 7V FvDIHHE) /ld vmlinuz (IA64 7—F77
FrDIGE) DEMREEREMRL. vmlinux ICBRALTEMELrHYET,

EQAVEL—ITY VT OB ETRIBETH>TH, crash I—T1) 711
TEDELIEHNZTEVWET:

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
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welcome to change it and/or distribute copies of it under certain conditions
Type “show copying” to see the conditions.

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>

IRVROHE AT WA RERSABEAINE T, LEEOBITIE. 77y

S 1 BET 42 AOYRIABFEELTVNT. 25y 10ERIEZO£ X D (PID)
9446 |25 SysRq N A—THBZENTINTWET  Fo. RRER>7270
& Bash 7OEATHBIENRINTWEY, ZNILETIRDOFI T, echo O%
VREWD Bash YzJ)VOAEAVVRAEFIAL: CEICEBEDTY,

crash A—74)T71I1&FD1% GDB ZEL. ZHODEM ATV RERHFELET,
TcEZIE bt AV RENRSA—Y ML TANTEE ISy RELERTD
BRI LT /NI RN —R A& RRIBDBIENTEET:

crash> bt

PID: 9446 TASK: ffff88003a57¢c3cO CPU: 1 COMMAND: "bash”

#0 [ffff880037169db0] crash kexec at ffffffff80268fd6

#1 [ffff880037169¢80] handle sysrq at ffffffff803d50ed

#2 [ffff880037169ec0] write sysrq trigger at ffffffff802f6fch

#3 [ffff880037169ed0] proc reg write at ffffffff802f068b

#t4 [ff£f880037169f10] vfs write at ffffffff802blaba

#t5 [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: 00007fa958¢1f780

kexec & kdump

219



220

R13: 00007fa%59284000 R14: 0000000000000002 R15: 00000000595569d0
ORIG RAX: 0000000000000001 CS: 0033 SS: 002b
crashy

ZITEIRLMADTRO>TWBD N D ERFEICARYE T, ARV N T3S echo
I& /proc/sysra-trigger EWITFAILICH LT FEEEELEF T, [T 5/
VRSN EFEDXFEAERH L. crash kexec() BAHAMUOH LET, ZOBEEKIE
panic() ZMUH L. kdump DYV THRETIENESE {TR>TW I &ITRY
9,

E AW GDB OV R bt MILFRARICANA. crash 2—F4') 54T Linux
A—RIDEEITHIGELEERZ<DITVRABEEIN T WET . 2hbpavy
RiE Linux A—RILOREBT—VEEEERTEZEDT, TODHREEARBIC
EOTHAMYPTWVERTCRRLET  LEAIEITyvah RELFHARTD
HRAY)—EBERRITLWIEEIE, ps AV RAEFIALET /- syn AT VKT
[ FTRTD A—FRILOVRIVEREF G T BT KL R E—EBERRITDIENTE
BIEMNERMD VRV L TP RLAERRTBIEETEET . TN AICE
files AV Y RTIK, TOECZADPBEVNTWBIRTDI7Z7MIL TA4RY) THERR
TBIENTEZET, ISIC kmem TlE, A—FRILDAEFERICETZEMALIEER
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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.
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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 c’
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 ¢’; they could even be mouse-clicks or menu
items--whatever suits your program.
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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
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/Llicenses/lgpl.html] instead of this License.
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koY AR

HILTIE ERICERMEBETIEVITAICELTEEREBLTERVL, FEICI O TRFRNEN > TRBRICE T2 REDRIT AR
BHLTERL,

2. HRFEHO [TOT5L) OEEMHTO—HERELT [TO07546] 2RICLEFEDETRL. TOLOBRBRERP ZEWEL
REIHOEDIFMDO T CERBEILIIRHIDIENTED, LEL. ZDLDITIBUTORMET R TERLTWRIFHIZRSR:

a) HREDNTNEDIFANEEELLEWIZEEERLARRARS 124 BEINAT7NVICERLATNIERSAL,

b) 70U5L4) FBZO—EMEERCEFEN. HZWE [TOTFL] HhEO—BOSRELEFNERGHDNE RRTDIFEICI. T
D2EEIDENEDREIH>TEZEARMET MAFHELATN RS8N,

¢) WEINLTOVSLN BEERTIIBICHENICOATYRERO LI A>TWBLRSIE 2070V 5 L5 RE— RIS ETHEEN

ISR, BEABFERT. BRITHEIL(BDIVEHRIMRITEIRETIEVIZLE), A—NTOTSLEIDRWE TR

KEDOTTHRAETDIENTED EWITE ZLTZOENEDRBYEHE T DITIEILIESLVDE WD A—HFADGRBEZT HEMAH
RIINZD HEVEEEICKRTINDG LICLRITNERSAVNBIHELT, T7O754] ZOEDIETEN TH>TEERETOL I AEME
EIRILARWMEEICIE, [T 075 4] 2RICLAHRIDZENIC TOLIREME BIRISEZREIEHRW),

U EDBEREFREEELTOREINEZEMERIND ZERO—HH [TOT5 L] HORELLEDTRBVEREATE ThEH
& BRI LAEENTHEERBINCEZAONDALIE HRAThOERID ZEMEL TR TRAEIBHE. TIV LB DICIIDOR
WEEZORMFR BRAINAW, LHL. HREARLEHI%E [TOT5 4] 2EICLE ZENR2EO—HELTERTRLIE. 2HELTO
WG, COZHED BT REIEDRINERSAN, EWD DR COZHEDMEORHNEICSAZ T [TOVTL] ATELHEIC
RO GEANBWNEBERA BED DI T2RETEH5THS,

ST IARTHRIIL > TENMNIEE DT L ERZERLAYH LD ERICEBER LI THIERIOHDRERYT2EIB TR
W OL3, ZOBEIR 7OV 5 4] ZRICLISREMABVWLESEEYO BHEEBTIENEITETIEVNIEILDHD,

Fre, 170754 #HICLTWRWEOMOEFEYE [TOTFL] (HDWE TTOTSL] #RICLEEEY) E—RICKDERIFOLD%E
—EDRERBLVUBHRIEFICIOTE, ZOMD ZEMETIOZNENMRETIHRICADEVITEITFRSR,

3. HIfF LRBIMSIC2MDORMITHREN, [TOTS AL (HDWNE F2/ICHITDREN)EAT VI b A—RBVLRTHA THEESE
T3 THIENTED L. ZDIBAEHRIBUT O IEENMN—DEEM LFhiE A

a) ZEMIC. TTOTSLNCHIGLIEERD DM CHRAMY TRER V—2O—R&RAT 5. 7L, V=22 RiG LR FE 18IS L V281D
FHICRVWY TR T OB TBIBRICEDNBEATREA LRITHE RSB0, HB0ME,

b) EVEMIC. WARZE=FICHLTE, 7OV S LICRIELATR2 DD #H CHAMY TRV —R0— K%, BHICETZYEHNIRL
& EESRV REOFHHNESIZRIUTRET 2 E5RR DK ELIERIEAWAZEIC Bo/ALEERAS, L. YV—RO—RIE LR
BB LIO2HDRMEIC VY IRV T OB TBEBHITFE DN EATEA LRIThIEASRW, 5B,

c) WIEY3Y—RI—NEHRDERUHICERL T HBAHFBERE—FICBISET (COBRBIL, BRI ZENELAVERTH>T HDOH
BIA LRI T IEINTWSLIBALHEHICAT VI IA—RHZIVRETHRD TOTSLLAAFLTOVAWVGEICRYFT Y
n3),

ZEYMOY—RI—REE, TR LTHEEMAS ETHELVESNS ZENOHRREERT 2. HEETHROEEMICESTRER
Y—2O—R&iE, FNHECET 1IN TRTOY—RI—RREICMR. BEETZIVI—TI—R EBT7INDTRTESATSYDaAVR
AIRAY ANV EHIET B7DIC FDNBZRIVTMNEEMA LD ERERT D, LOLEFRIRFIAE LT, 20IAVR—XV NEGRIERITH
RICHBETZOTREORY, FHINDZEDD FIC RTHADNRITINDGAR —FT AV TV RTFLADEBERIAVR—I VN (QAV/15%
D=V E)EBE—RIS(/—ADNAFIBRDOELLHIT) PHINZEDESATVWIRHEIFRWNET S,

ROERFLRB ATV NI ROBHELIEEINABANSIE—F2/0D TV AFEREARMTIIETAINDIELT. TOLTY—
Z2O—REEED 7V ERAFRICESTRLBMMNSIAE—TEZ LR >TWEIARSIE B=FEN A7V hI—RE—#ICY—REMFIN
ICOE—SE5ND LI T VWAKTEY—RO—RFEHROFHEH L TVWEEDET S,
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4. HRIZF TTATSA] & COZHEICSVTHRICRRINE TAZRIBROUE. YT 5/2V R HHWNEBEHEL TSR0 At
I I7RT5 L) 2BEPUE YT 12V R HDVRIBPHTD R TUITNTENTHY, COZHED T TOHATDHEF % B BRI
IED ZEILDD, LH L BRI CER & DZNE IR > THRIND/LALICEL TR ZDEIBRALHIDORNZICTERICH>TWY
BIRUYBSD AV RET BIETDIEIFARN,

5. HRIIEIDENEBEZETIDEIZEN, EVIDIE HRLFINICBRLT WARLHSTHD, L L, TOZKEBUM BRI L
TI70756] PEOREMEREZ/IIB/HETIHT L5220 BELAWV, INSDT AL, HRFATDRNEEZIFTANLWERY
EICEOT HELONTWS, ZI T, [TAVS A (HBWNE [T7OT5 6] 2RICLERYLR) 2RERVWUERTIIEICLY, HiatkidE
DOEFDEIRITAETIDICIOENEEZH LIEWITE, TLT IT7OT5 4] EZNICEDKEEMOBERPER. WEITDVWT IO
LNENRTHINERRETRTRIIANICEVWITEERLELEDERLT,

6. HREN [TOVSA] (FR TTATFL] #RICLAZENLR) EBBEF T IO ZORBERTAOF1 Y RFTEND, 0D
ZWETEEINEZGEFNOTT ITATS L] 2EHPHER, HIVEWETIHTLEBNIFEILDET D, HAKIE BEENIZ
T ROONIAMEREITHETHILICEALTINU LDV RBFIREERL T B5RV. HRTICIE BEZFENTOZW BRI &2l
BEERRL,

7. BHEREHDIVRZTOMBDEHGFHREMRICESAV)DS, HHFTOHRH D MG FBLIITORERELTHRLICEH ARG S LRNRE
ICEV)ZDFIEYAD FHEFETIHNIBEINIBATE HRIHDIOZHNEOREERBRIND DITIIAVELIDEZHEDT
THRIREONBELBOBEETZHTE ARFSHATIO R TR TEAVRSIE BRELTHALE [TOT5L6] 2BHT5Z
ENRLTERVEWIZETH S, BIZIERFFM Y AN SRS ERBELROTIE—4AZ Mo AN #TE 170754 2R
RHEN CTEERTILEROTVARWGEE, HRIHNZOFHNEIOZNEEMALEHTIUE [TOV54] OERERLICHIETSL
HRWESD,

ZOHD—EHIHFEDKRDO T THRNLBVUERBRARMZATE HORKYD BABBEAINLLOIBEINTVS, ZTOMDRKRTIE
Hir'2AEELGERINSL BRIhTWS,

REHFCZTOMOHFEEEBELY. TOIIAEFDEROMDICERBEIBRY T2LOHALEFRIZIENOHDENTIERWN,Z
DEICIE ARICEST SV RBITELTERRINTEL TY—YITNITTBAEDY AT LDOT RN % #5E VI BHLIEWV, Z<DAL
NIV INITT OBAEV AT LN EE—B LGHEAINTWREWIERBICE DX OV AT LR BELTEAINDG SR VINIZTIC
BARBEIRELTEOBERTHEN ADEDEIRY AT L% BLTY/INITTEBHELLCVEBINEHETHEE /F5ERETH
Y, HRIHRIREFLDIFZIEFTEARL,

ZDHE. CDOEZHEDIDEUNDEDD—IRFEICARDEEZILNDT — 2% BRHICASNITEIEEBMELTWS,

8. 17054 OEAEPHAN. HIEICHWTIFFHIEFRED ERINAAVI—TI—2DVTINLSTHIRINTLDIHE,
T7OTS5 L] ICZDRWEEER L TOEEEE L. TV ok E4aHik LR ABREASIRENA. ZZ THRINTWARWED
PP ZNSDOEXDETOAERDNHFTINDLIIICLTEBDLRWV, ZDHE, TOLIRFIRIZZOZWNEARALTENINTVNDDERKKIC
Raxha,

9. 7V)—VIhz7REIE BHCE O THRETH IR DO — R ARFAFHEEE RRIDIENTED, ZDLIBHIRIRED/NN—Tave
TORFMICENTIE BB DILRBEDIN I AHEPR SR T 2OME TR LD AREL’H D,

TRTNDONA—VavITiE BOFDRKEIN—Vav BB MEON TV S, [7OV54] IKBWTZNISERAINSZOZNED/N—Ts
VESNIBEEINTWT BICIZNLUBOWARSB/N—I 3> (any later version) ] HEALT BWER>TWEIRA, HARTIERS ML H
FELTIREDNA—Tavh, 2V—VY I Iz PHEICE>TRITINIBEDN—IaV UREDRDEND —DD EE5A RN EA R
%, [TOT5 L] TSAEVADN—=IavBESH FEEINTORWARSIE HRLIESETICI)—YINIZPHEISRITINS N—Vay
DHEMSIFEITREATHEDARL,

10. HLpRfd’ ITOT5L) O—E8%E TOBRERENOZRNEE RADMOTY)—RTOTSLEHELIWRSIE, (FEITERE LT
AERDE, 7V—Y I THEDBHEERE T DY IR TICOWTE, 7Y =Y Iz 7 HEIGEKE L A BIE 2O LI RIGED
TeDIHFRRBINE 21TBTEEH D, FEIREE T TICHIc> TR AFEDTI—YTNITT O SREMT R TH T —RREITRh D
EWHTEE BRIV IMIITDOHEE BRAZERETIEVD ZODOBBREZREIRFEINDITHS,

FERIFICONT

1. I7O054] RICEHRNCFIBEDFTINED T BPLED BDBRYICHENT, [TOIFA) ICETEDEBMHAE FHELAL,
ZE TN AN BEEER T B Z/IL DD, [TOUF4 ) & KINIEDEHICHRBEP T FREIIEMLE RITFTS
1EDDH L PHSIFEDFIINDEEMEIRENL ) ESL— LD RAFELNC 5B FE) TR TS, [TO054 ) DEE HREICETS
YRODINTIRBLENIFET S, [TOTSA) ICRIED BEEHBLEIBE BRI IS ERIRF AR PHIE NEICET S IR DTN
TES|ERIIBIEIRB,

12, BUJLAD EE TDEEICL > TR LA VRY  EEHEE F/ld LT FHFTIATOBEYIIC [T OS54 EHEE/EILEHERL
Je DD BRI T [T A0 54 ) DFIFZRVL FIFTHE TELEBEEEPIHEIIEE BRIEE. BEEE(T— s DH %P
T IERGIIE, BRI B=ZD M o/EE BBNL [T O FL ) DD Y TR T7E—RICBIEL GV E VI TEEREFEZEDENEIC
R54:00) IC— I DEFEB DL TDL IBIGEDE TS HTEENEIC DV TREDEE IHTUELL TEFKRTHS,

RIFEHFIRDY

UEDRBEEHRI-OHFLWTOTSLISERTZHE

BRI FLWT OV SLERFELZELT ARICES>TTNAFAINS TREMERAICLEZVWAES, ZOTOT S LEIDRMEDRIEIC
H->THTE BRAEHDIVREETEDLIT)—YINIZITILTEONRETT,
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ZDEHITF, TATFLIUTOLIBRFERMALTEIV. ZDFE, RIELPHFRINTVDBEWS L2 REMRIIEADLDHIL T
NTIhD V=277V DEBEICKRRERTTHERERETY, PaKEb, [FBFERTI EVWTELXDHIBMADRA VIR &
TPAINCEHTEWTLEIW,

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.

(&)
TO0SADEFIE N TE T BHIC D TDRTELH . Copyright (C) FIEFE (FEDEFT

COTATSLIRZY—YINIITTY, HREEINE,

7YY=V 7 by PHEICL > TRIT I N —RARFIAFHEZNE
(R=v a2, FRILL>TREZNAUBONRN—T3vDI5ERMD
EDDEMEDO T CEREAELERETEIENTEET,

IOTOTZLIBERTHD I EEM> TRHEINE TN, *£  ORFRIE*
TY. AXRITREORIICHEDENADESHEE, SEHMITINLEDD
SOECHFEELFI A, FLCIEON —BARFIAFFRZNEEZ TBECLI WL,

HRFIFIDTOTS L EHIC, N —RARFBHFAZNZOER YA —ER
FZIIRAIET T, HLBRIFER>TWRIEFNIE Z7Y—Y 7 by 7HH
FTERLTLAEIW(EESIE the Free Software Foundation, Inc., 59
Temple Place, Suite 330, Boston, MA 02111-1307 USA),

BEFRVLIEDA—ILTHARICEVEDEZ AR OV TOBREESMAELL,
TATS LA REAREDRSIE HEE—RTREILABRICHENELT UTOLIARBNENARRINDLIICL 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

230 YRTLADWMEFI—ZVITHAR



to redistribute it under certain conditions; type “show ¢’
for details.

Gnomovision /N— 3> 69, Copyright (C) FAEE {EZEDLHI
Gnomovision (F*& < DE|RI*TREINE T, FLCIE

“show W EHA4TLTTFIL,

ZhIEZ72Y—=VYIb2zT7THY., HEIFHOTTEHERTZIED
BRI TWET, FL<IE show e’ &4 TLTTFIW,

ZITRBIARITYR “show w’ & “show ¢’ & —RARFIAFHEZNEDOBENREHERRTDLICA>TWRITHIE BRYFHA,
EE52A HREMMEITITURE showw ¥ “show ¢’ EIERBAMERHYEEAD T HREDTOTSLIC EDETIIADY )y 7% X
ZaA—OTATLICLTEEHTT,

Fho. HRIEMBASIE(TATST—ELTHWTW D) B0 BRE. HEWVIIFEICL>TIERMNS. ZOTOSSALICETS TEE
HERRZER BE (copyright disclaimer) ] ICBZLTESIRETY, UTIRHITTD T, BRTEZEA TS

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

%.

Yoyodynettid & ZIC. James Hackeric &k » TEh i
a4 54 “Gnomovision’ (A v/ SABT IOV L)
ICEAYT 2 —UIDEFIEDHEERELE T,

Ty CoonEKDEH. 1989F481H
Ty Coon, El#t&

ZO—BARFBHEZNETIE, HREOTOTSLERENRTOTS LI FETEIEELRDTVERAHREDTOTS LD Y TIL—
FUS1T5Y BOERENRT T —2av EBREDIATIVEY VT BIEE FALLEIHNLYBRITHEEELBNELNEL

Ao bLIND HIRTD BHLIERLIE ZOZHEBORDYIC GNU 175U —RARFIBFHEZNE [http://wew. fsf.org/licenses/
Lgpl.html] ZEA LTI,

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
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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

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
it is 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.
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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
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.
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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.
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.
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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
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/copy left/.

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.
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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:

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.

GNU 7Y —>C ¥ R FFEE 2

Copyright (C) 2000,2001,2002 Free Software Foundation, Inc. 51 Franklin St, Fifth Floor, Boston, MA 02110-1301 USA ZO#IA
FHEENEL, —F—HIDFIICRRUBHITHIEREBHT TS, LHLERRFRDHRRL,

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 LicenseDIEAR A B ARFERTY . hid7Y—YT7h 7R (the Free Software Foundation)iZ
SO TRIRINLEDTIIAL, GNU FDLAEBEA L7 XE DA XA EENICEN R TRARBDTRIHYEE AL BHERMAELTIGNU
FDLOEFERTF AN TIEINTVDEDDHALEMTYT, LHLALS, FAcBEIOBRS . BAEEEA TS A%ICE>TGNU FDLELY
RERTIIERDIEELATVET,)

0. IXL®IC

ZOFBRFEZNEDO BN COZMENMBEAINDE Y27 L OERE, TOMBAER I TRANANEZ(EHTRA)BREWVIR
TI7U—1&93IE D5 REDERHZWEENOEFIFER 2O XELRRLBRAID2EHEET N TOARICHRIRE
THIETT MATIDRMEBICLY, EEPHRENADLEDOEEYICH L THBOBBREEEE[LFROREINIT I AN
ToBRBRICH L TEEZADTICEO LRV,

O BIFEZENERIOE—LIMBMRI/EY AD—DTHY, COZHMENBAINIXENORELLEFEDIF. ThEFEFIREE
FLBK T —TRINIERYERE A ZORNEIL 7Y —YINIT T DEDIREINAIE—LIMNESI Y RATHBONU—RARER
FHRRNEEMRTZEDTY.

(BR3E: IE—L 7 M copyleft) DBEEICDWTIE http://www.gnu.org/copyleft/copyleft.ja.html #&8RH &)

COFAFFEENER. 7V IINIITAOY AT INSERAT I EBNELTEINELL. 7—VY I NI 7RI - NEEBEEL
THEY, 7V—ARTATSLEZOYINIITHIMRIETEOERACEBERMRTEY =T L EHITERINZRELNSTT, LH L. ZORZHE
DEAFEEIEY/ IRITTOI=aTIVICBFIVEEANREBDZZEMICEVWTRONZEEAMA THI. HZNETNAHIRIShEREEL
THRINZAENEADL T CORNER X FTEMMAEVILRZEFEDICHBERTHIEN AT FcBELTE EILIDRNEE
RERPSREBNETZEFMICER T2 2BEHLET.
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IZBWT, ITXXE ] (Document) | EIEZD LI R EMA R IN AT =27 ILAWLEEN TR TEIET. AROD—EBASITHETHENDYE
HERBIENTE ZORMEBR TR [ Hlfc | ERBIND, HART L BIREED T CH A ABEE T 2L IR TETEEYEEROWE.
HENIERTHIEICLY CDBWEEZHT DL,

It &I D RZERR (Modified Version) | &, —F—BBRICEB L) HDWIHEPMEENDOBRETLAEINELLY 2D
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[ZEEARAES (Invariant Sections)] L IEFETR DD —FE T ZNOAREFAMD THEI LA IXFI 2O BFAZNEDO T TRR
THRERANEMRICEVWTETDORYDEZEHICATRINTVDEDTH S, HEEDH LEDOLILHEIEDOERICZSDRVGAEI,

TOWAEEBRAIELTRETHILEFROONLN, IXEII BEFARDELLEFTRTERV IXBNCBVWTEEFABOH

2HEEINTWRTNIE, ZOIXENCERTRARFBEFELRVENIZETHS,

[H/R—FFZCover Texts) | &3, IXEBINCOFBHFHERZNEDIBETIREO T TRRINDERREHNICBVWT, [RAN—FF
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&9,
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INBW HIBEERBRAL AL BOTFANKEELRRTZLDICEDNIIFA, THILBBHTIIRW, EBH TIEAVERIZTIEEBH
B|RETFEND,

FRMERIHELHROFIELTE. =7y TEEFHRVWTL—72 ASCIF R, Texinfo A TR, LaTeX AATH R, — MR ICAFTHEAR
DTD% Vo SGML#HZWMEXML, F7cld NI L B EREAIEE L TERET SN/ AZHEICHER L 7o > > T ILARHTMLYPostScript, PDF2E A
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& LT i DHTML>PostScript, PDF2E M & Eh 3,
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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 Llicense is included in the section entitled “GNU

Free Documentation License” .
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