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The Design of Autonomous System Management Software

YUuTAKA OKAIE,! KAZUKO KIMURAt and YUTAKA ISHIKAWA'!

IPMI (Intelligent Platform Management Interface specification) is the specification of the
interface between software and hardware that observes the state of devices, such as temper-
ature, voltage, cooling fan, and so on. Using the IPMI protocol, a maintenance system has
been developed to realize a reliable, available, and manageable system so-called a dependable
system. In addition to the management functions provided by IPMI, a new script language
is provided so that the users may customize the contents to be displayed, and describe man-
agement rules so that the managed system runs autonomously. A failure simulator based on
IPMI has been also developed as a testing environment for the maintenance system. This

software enables us to check the functions.
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RN, EAET IPMIICE DV HREY I —
¥ OREBFEI 2V TGENS, B 5 B CBRERIC >
W3,

2. IPMI 1.5 ¥#%

IPMI 4% D 13y — oK. BFE. ©H7 7.
B PERTIMBOABEEEDLDOTH S,
HHBOIADER,. Xy ABERL VST
FTAY BN RN =27 b L IET77—LT =
FIHEEBEREINTVS, FERTIZ, Zhdson—
R=z7& Y7 b0 =7ROA T —7 = — ZHRIC
DT HEHIN TS,

2.1 IPMIAV821—2R

IPMI BHRICEILIN=RF V= 7 OHRIIR 1 o &
I >Tw5, R—NK EIZlT Baseboard Man-
agement Controller (BMC) 2 HIhd = b
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®E rampaey
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WL >Tn 5, TR, FEL LREIEX AXVE
CHEIh, ZoaZid System Event Log (SEL)
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o HERICED CRIBIE. HlAE. IPMI Bigic
D BMC»6#6h2EHRTHY. CPU RED
REEEE A TS &) RKENETSh 5,

DMTF (Distributed Management Task Force) A%
L T2 5 CIM (Common Information Model)
Tid, BBROREEIHFORETIRREAN T 1
F—vary, ARYED 2 BRCHTITNE S, o
N MIIAA (phenomenon of interest) A3EL 7z
ETHY, AT 4ar—vadAXU b (event of
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ha,
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BRI YIS heEITT D, Tengin TR Y
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WT, ZOHHRYIZL->Tn B,

o FT—HINR—RLU/I
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N—AL/ I THY. BERHERE LUBBOR
BRI h 5,

e TUNAH
TanAyid, BEEHREREL. T —
AL AEREHER. HHVIEL. #Er 5D
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AT 4T —vary (55343 HiBHR) LR ES
HOWRLIREET 5., BE. TungFelL T,
IPMI 74 #ABEL T 545, SNMP!) A7
NAFHERL T <,
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EEERPC

EFREAY -

“Network

BM¢ . - Device

EEHHR

2 Tenjin ¥ A7 LOWE

3.3 T—AR-AEH

CIMISEEDSWT, BiRT DT — & N — A& 428
¥ %, CIMi&. MOF (Managed Object Format) <
LoTigHsh s, CIM V2.8 TE#HIN T35 MOF
7 AN, 1184 D F T ANEHRIh TS,

BAIE. AFiE. 25 R % CIM_Class DEHHT
H5, class ¥F—T—-RFRORIcHS [ £ ] THEOh
T 5RIE. Qualifier TH B, 75 ZAD Qualifier D
A A% A& LT, Version 7% 5 T'IZ Description
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(prmt(" h

<H3>MyCluster f&#i</H3>
<TABLE>
<TR>
<TH>EIRHE </TH>
<TH>3E#Se</TH>
</TR>
");
foreach(query("select * from CIM_Cluster
where Name=’MyCluster’")) {
print ("<TR><TD>%s</TD>",
eval ("PrimaryOwnerName"));
print ("<TD>%s</TD></TR>",
eval("PrimaryOwnerContact"));
}
print("</TABLE>");

%

3 foreach #3C% FiV /= query BAEUERH

MEHESH . CIM Class »* V2.6 TEZHZIh/IZ &,
ROEIIKRY T ADBPMRIN TS, KT FAD
A —73%7 5 Alx CIM_ComputerSystem TH o, &7
S 21, BHETEIRER 7 18T 1 £ L T, Interconnect
$ & U InterconnectAddress MiEFEEIN T 5,

[Version ( "2.6.0" ),

Description ("..... "]

class CIM_Cluster : CIM_ComputerSystem {
[Description ("....... "]

string Interconnect;
[Description ("....... "]

string InterconnectAddress;

};

ZDEIBAT Y =Y NEHENS SQL DT TN
WERET LA N4 TR ERT S, MOF TiEghdh
T 5 Qualifier 2& @MY SQL 7 -7V THER
5,

3.4 EB®RROUTb

BRI b LIRETiN S ATML (A Tempo-
ral Markup Language) l3—20FiE77 I V&L T
REtSh T3, BERAZ VT N TERShHHC
ST D ATML & 7L . BERA Y U7 T
HENTay S hd ATML ¥ 7 THddAARET
5,

3.4.1 F—HR—ABRE

F AR ZRKDOIDIT query M ZEA
T35, ABEPORY EIIRBEHROVAINTH S,
X 3 Cl&. CIM_Cluster 7 —7/)VH1. Name % J A
AV MyCluster” TH DL b U EHHKL Tb, fore-
ach 70y ZINTIE. eval BIfE Al TERSh A
YRVDOHS LEBRT B EMNNRD, K3 TR,
print B #E > 2 2ic kY HTML K¥ =2 A b 2
HERRL T3,

3.4.2 BSRAEME BN

BFOBICY. M. d. hom. s 2RHINIT 22 &I1CKD,
F£. 8. B, B 5. BERHTS, Flaid. 2004y,
11M, 20d. 8h. 20m. 30s!¥. ZHhZh. 2004 ££. 11
H. 20 A. 8 K. 204y, 30 W& RBIL (5,

343 AVTaT—=Yav. ARV REES

BRI & EN ST BARV M B AT 4 I —
varelL k), AVF4r—var®RTM-T.
AR N EERT D8, BLO ARV NEFZITER-
THRET 22 IRIET 5,

AT 4= arvBrUT AR MMEEREL T
5 ¥ E#%”T onIndication. onEvent RiZ% #h
ThBATE, AIXNVMNEKODOBBEL T
raiseEvent W% . RWEBB I ¥ /-0 E L
T. changeState BA¥(% R{£T 5.

WEEMHOIL ICRET 5T /v a v R ERT S
XL Trule X% ®AT S, rule L. NV —
NWEDOBICEITINDET VY a v BEES, FTRo
BTk, IPMI 7o b aVTAERShZEECET S
AoF a4 r—y arhRETHL. (¥} CHELE
T arEnETINDS, I ZTClE. raiseEven 4
BOE—F1HUC this THEIEEL T 5, this B
3. REEASKIZL 71D CIM_ThresholdIndication
ATV = b REET.

rule(onIndication(’Tempurature’,
SENSOR_IPMI)) {
/* CIM_ThresholdIndication # 7Y =2 b ®
* TOANRFAMTIELRATED %/
raiseEvent(this, SENSQR_IPMI)
}

LAFOFITIE. "HighTempurature’ X2 k2334
FTEL. TIYarBhnETEh b, changeState [
HOE 38D AlertingManagedElement I,
CIM_ThresholdIndication A 7Y =7 k7 uanNs 4
T, ANV MERELIBBA T Y =7 b £HEL T
%,

rule(onEvent (’HighTempurature’,
SENSOR_IPMI)) {
/* CIM_ThresholdIndication M7 7L ATE5 */
changeState(’StateHighTempurature’,
AlertingManagedElement) ;
}

3.4.4 sometime & LU always BlidizE

HOREMFENTERKICEL 25 RiEL L T,
sometime ¢ always #EAT 5, LATD sometime b
SEHEAGTCIE. 8 1 BEEICE ST 50 % DR, 'High-
Tempurature’ JREBFEA TSk, 7roav
ERMMEITEN B,

rule(sometime(’HighTempurature’,
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past(ih), 0.5)) {
}

always iR3El%. sometime REDE=51HAT 1.0 D
BEHELC T, UFD &L Riddee5,

rule(always(’HighTempurature’,
past(ih))) {
}

3.5 ATML

Zope'® »42{t¥ 5 DTML (Dynamic Template
Markup Language) D&k 2% % 7 & L T ATML (A
Temporal Markup Language) # & AT 5,

3.5.1 AEEM

ERORFIEFIIATOEY TH S,

(1) ATML # 7 k- TEMICER S 5 412
fl. ATML # 782 AN T 52 212 &Y 470
TFRLRANT S,

(2) MUOHIN7BED PATH RICEET L7 74
N, BBVIE. Z0 PATH »5illlh 29T
DEF AV I M VICHEET DT 7 A V4,

(3) request TEFHEN TV D4,

3.5.2 EX ATML
LAF. 70y S I PICRBRERY V4 BAT 5.
e <atml-let>

EHEERT BV,

e <atml-eval>
EHHEOIROFM L VEBEONETF AN %
AT 5. Bz, Foo t\»H 77 A LIS

<H2>Hello World '</H2>
VD —HHMEh TOAEEES. UTFoy /i
tRo—XicBEH#b S,

<atml-eval name="Foo'">

e <atml-if> <atml-else> </atml-if>
FMXEERT LI THL, HIAE. Value &
W77 AT 100 L VDA A TR, LA
FToXAFMEN2 L. fERMHLshb0
C. <P>Value is grater than 10</P> WFR
sha,

<atml-if expr="Value > 10">
<P>Value is grater than 10</P>
<atml-else>
<P>Value is no more than 10</P>
</atml-if>

e <atml-call>
BB EFO T Y7 TH 5,

e <atml-return>

MBORVELIEET 25 7 Th 5.

¢ <atml-try> <dtml-except> </dtml-try>
iszay s 2 ERTLI T TH S,

o <atml-foreach> </dtml-foreach>
ATV—var 2ERTAI TS TH B,

3.5.3 F—IR—ABFE

T =& RX—Z2RFIT <atml-foreach>% BV :TEH
Ehd, flAE. R4 oEo7arsnd N30
Pl% ATML CTaehl 2 HTH Y. MyCluster 2125
LRI T AT DEBEB LU ERELFRRT S
HTML #4857 5.

354 I — I

#3443, BLUOPE 344 HTEAL V-V

UTHIET B ATML # Zld<atml-rule>TdHh 5., LA
TicPERT.

<atml-rule
expr=“sometime(’HighTempurature‘,
past(ih), 0.5)">
<atml-action script="bash"
args=AlertingManagedElement>

shutdown $1

</atml-action>

</atml-rule>

3.5.5 US50%KR

TS5 %RRTHODY Y L L T<atml-graph>
YU RBATE, UFTD 3208 7ofiizhZEh,
PRy 57, B S7BRU S AR Y2 RFT D,

<atml-graph type=linegraph file=File>
<atml-graph type=bargraph
data="(1, 2) (2, 4)">
<atml-graph type=tachometer min=-30 max=200
data="70">

4. IPMIICE DK #HEY I 2L -4

KECRNBHES I 2L — &1L, IPMI H#&4ic 5
DOEHY 7N T =27 ORFSAEET. ZOBMEREE
D, EBIN—R V= PEELFESHL/DYIC,
VINTzTPIUIN—R D2 PREL RESEH 20
DI =NTHDB, ZDLIRYV T PHtEEL &2
Mol ek, BHY 7N Y =7 OBWEREEIC L, LR
WKN=—F U =7ORELRESEY, BELEEY
WCHESEB1DIEN—K 7= PICHT 25PN
AN RETH - /=,

KT I 2L — 213 IPMI BUEIC B3R
EhTHEY, V7 M7 =27HC BMC O#fE2 =3 2
L=2ardb2eT. N"—RYz7PEESPY Ial —
YargayI7hv=7THL, Thicky. A=K
V=7 BELRESETCOBFRIACO» D2 TH. B
FU AR KIBICHIRT 5 2 L A[HETH S, IPMI
BUBICHERLL 7B n—R =272 LIc. KV Tk
V=T EEHTEILNTES, Tbb IPMI Hi#4
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a ) I
<H3>MyCluster f§Ht</H3> <H3>MyCluster f5#k</H3>
<TABLE> <TABLE>
<TR> <TR>
<TH> B </TH> <TH>@E I </ TH>
<TH> A% </ TH> <TH>EHE </ TH>
</TR> </TR>
<atml-foreach <TR>
query="select * from CIM_Cluster <TD>MR #</TD>
where Name=’MyCluster’'> <TD>okaie@is.s.u-tokyo.ac.jp</TD>
<TR> </TR> ’
<TD><atml-eval </TABLE>
name="PrimaryOwnerName"></TD> J
<TD><amtl-eval %7'}%%@]
name="PrimaryOwnerContact"></TD>
</TR>
</atml-foreach>
</TABLE> )
ATML Fed Bl
4 atml-query ¥ 7 RS
WHEBLL 7 S flie Y — N ERET A Z L2, IPMI LREUIRETH B,

BRBICEONTER SN BB Y 7 N T2 7 ORI IE
BATO O OB BRIt SN 5.
LAFo/NEClE, M CIREL-EBY 727
OEWEREER T ORI LT, AMEEY I 2L —FI
MEL ShARATBFEMC2WTEN S, Zo%Ic,
KRS I 2L —F DEBFHIC OV TEN D,
4.1 BREXERIK

IPMI BHGICHD S AMES I 2L — %13 BMC @
BErTial—YarThI L TERENS, &Y
B 22l —% 2 HOTBERIEZIT DB, EHY
ZhU=7iE, V7 MU =27HICEREN BMC I
FIERATHI LT, N—=F 7= 7 ORk4KRTIC
BY SBWEREER 4TS Z LW TE 5, WIECREL &
BHY TN =7 OBFRIEE 1T ORE L U TAME
YIalb—FEIBALEE. BMCOZIalb—V 3
UHEEICINA . SHICUTOBENLETH S,
4.1.1 SBY I MY PHRRIEHE
EHEEOFNY 7 b =T ERRT H0IK0E. N
WSEL TORER BIRT E 2BMEEHRL . RAL
IAZERVB ML ETH B, £, KELE
T BT TR, E ok I RIS H BREICA
IIRETLONRETE HBELLETH S,
AYEEY Ial -0 LI RN—K I 7EEL
EEEBYIalb—20FE LokIB@N—FNTU=
FRIEISBBL LN BREL TRH00, 2D
OB AHRERBNY DFFEIKE > THE 00 %K
ETBENPVE LT, A=K 7= 7IRBOE(L DB
RF —F2uax T HEBENLETH D, O
EBIckY, NVOREEL R BEN—K U= TIRELHEE
THZEMTED, TORBEHIAT MR
LT, Nn—Ko=7EEOREH. REEF. BLUOY
A4 IR OBERERELFMCBTZI LD

4.1.2 H—N"REOVI 2L —Y 3 UHiKE
EE. 7S RFRT Y 9 Rk | oY — 1 D
FAL T AT LI END K DI >TER, ZOD
EOBRBEE Y-y b L TEREShLEBY T
D= 7 OEERELICIIERE DY — N BEEE Y I 2
Vv a vt MR ETH L, BRIE. BV 5
AFIRDH BH =D CPU BN TRARENREL
BE. TOV-—NOBFEREEL L. L T L1
DY —NDEBFEAND. Lo e BT 28
BY T hY =7 OBERIELITA DLENH S,
A5 HAEY - NBETICE. A—on—FT=
THERTITRL, F4RRBIN-F = T7HEERF
Y= AAREETILbMNZD, ZDXIRBIETT
DEBRY) 7N =T OEYFRIAEERAITOZ LIE, T4
VEINY AT LEEBRTLETEETH S,

4.2 BB/ E

AHEY I2V—FiE, ATV —RDTav =
7 N Td 5 OpenlPMI'® TRELEN TV S IPMI K
SANEFHL TEY. 2D IPMI K S A RO—E%
EEL CTERL enN—F 7= 7HEREREY 2 -,
B&U, BEREERYEX BEERER RV A
VE T2 ANk b, HEE. K5 DL DIk,
N—R Yz 7PBEEERES 2 -E, V7 -7
i BMC %8, x23I2l—varT200TH
Y, IPMI TED SN bk aHt->T, BHY 7
b 7= 71 BMC DML TOBEHE T, B3
R —H AL F 7= — AL, N—R T =7
BEVa-NIIBWTZIalb—-Yaryahk BMC
DRENT AFEEBTE2a - A ¥ T7c— A%
95,

4.3 MES I aL—9ANDA T —A
ZIZTCE. BEYTIN =TS BRIy IaL—
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FRYOMYLT BEREET
AL H T —R
Linux A—Jb
CIPMIES A8 ~
MERERT,
=K PHEE . RER/ S A S TERT
CEBREYVa-
- RS XS

H5 HEIalr—¥ 0

FIANDA YT 2= AIDNTRR S, B/ NHTRAN
PR EORMIC THEY S 2 L — 7 DRAML
WEBBY 7MY PICRHBTELZ L 23T 5,

AR & S12, IPMI BARICEWTERY 7=
T2 BMC N7 V2 RAETI DDA T T = —
AELT, Aav)—NAr5T7=—R BV, LAN
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