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Preface

J‘-ieurin i5-‘H. wears mmnHTfeu:itesmiiIrsa:=is;rLirs1r-ssitlsssirerj-rtiti'ng

iifiernede. L.i1'reerhurseneurinreisere'ers.eseurHeu'er-Lissect

servers, eneuniserie-s flnmseneurmemfrenres, eneurCiEih‘

reIi:.'h.eeieg:|-r. en es: siersge servers

Liriter. es ieielrriei-it is ttieerH}'epere!rngrs_i-stem enufiretueueen se.I'ehr

seyrfl eeiflxterens.-eaieteeeetes sierheie nenretbeee enemas.

- Dr. Irsiig ‘I'r'ie:Iews|qr-Berger

This IBM Fiei:l:ue-eir deserilzues heir: Linus sen he eeenhited irrih zNI.iI en

EH (greener zseries end srese herelieere -the mainframe. 111'ns emnhitsllm el

hardware and eperetitg sjrsteuns enables lntemel Eenriee Pre1.riders{|$Ps:i end

itp-elieetien Senriee preuizlers :[ASF*s] te rnere etl'ieie-nIIi.r preside seniiees. :[1i'iie

eestirrue e breed eiefhiien et ASP, le heli.ii:Ie pretluuzlien emerpfee selutleris es

einpl-e ssfile senr'ng.}

When a new reee-uree is reqiiied in e rrericl ef sissrele senrers. 1.reu sen eiher

edazl Ihe irreitrleent te an erisrrng senrer, er edel enelher senrer ie henrlle the

ilrericlesd- 11te less sestiy sppmssh ef scicitg the sreritlessl in an esisiitg sewer

eflen preires le be inieesiltle eeeeuse the senrer leeits eciequele sa'.|~EiIE'vi'1I'~er

perhaps heseuseyieu wentte keep enl,r ene epplhstien en an existing senrer. As

s resuil, Irequenlijr a new sen-er is itstsled and e serverisrrnthus befits te

grew it an enterprise.

SEED end zseuiee hsrr:Ie.reI's. ntieneeede end 5ID1t'tI|EII-E{EI3|:}E+:h|hI' PHIEH end

1-'i.i1-Itelew pliyshsl reseureeste be made virtual emeng Linux siysterrks. This

eliesrs ntemr hundreds et Linux: systems Le esiel en e single server. Hmnlng

muithle Linuir inriegeses guests et 'i.I'iu'|i'ESAi:irsI"u'I.i'| is e smert r:hn:iiee Cei1ei:|er

the telleuiirlrg ieeri-etis UH -eflers a Line: guest emrirenment:

n- F'i'I'_fai.‘.'-H] reseureee een I:-e shereizl errneng rntlthle Linux imegee running an

lhe same we s1.ruem_ These rmeurees 'nr:IuI:I-e CPL! cycles, memerg,r, slmege

siesiees. Hid nEIlt|in:IIriI: eeiepters.

n- Geriseidstlrig senrers by runnhg rnemr Linus ineges en e sir:-ale 5i'E‘:'H1I er

zfieries eflers airings in s|1sree,|Jeu=ereensurrqJIiensn::i schiitislrsiitre

sterling.

l- The ehuslmeeiihe eriiiirenrneru is flei-:|hIe erezl edqsletee. New Lhuivr lmegee

can he added te s ‘Ifl-I sjrsleun quiflthr end Eflfiilf iuilheut reqliritg dedissied
remure-es This else elenrs Ier e fieszihie iest enirirenmenl.

sf-‘eesriehtI2I.Ii:=ern see: xii



I- Tlra Linuar "rot-agaa ara alzrlatotalta adaantaga of tha han:lwa'a’a rahtilif.

alrailalailitgr and aanloaahiliy (HAS: taaturaa.

- tlhl allo-era high-apaadomnmnimtlm amon-;;1t1a L'r-ur: irragaaa. a much at

tha rhatworlthg irfraatruotrrra can ha virtual anrcltlwa parfiorrrhatl ‘I1 mamorjr.

r ‘n.I'Ir1'EI mirizlialr cadta and virtual tialta allow olala-in-rrrarnor_«.r parfonnanoa
hooata.

Ir ‘rI'M uffa-IE a rr'I::h dalzlug arr1.n1'n;rr1rrrant||1a] {:31 ha p.artr't:u|.arh_.r tralualzla I-or

tzliagnoaitg protrlarrra arrrorrg flta Lirurr irragaa.

Ir lu'|I.ll'a harttaga at ampon tor aaltadrllrg. automation, partormanoa rrrorrllorlrrg

and raportitg, accountitq inlomaltion and 1.rirtuaI manlrina rrranavganrarrl is
arraiatzrla 1'orLirru:r virtual rnachitara as wall.

a» An atlaolioa way Io grow lira Llnu: workload I.'iE|:IEII.'.:|'t5I' ia aithar to add rrrora

Lirrwr guaatato a '|.lll.l atratarn {horizontal go-rrthl orto ar'rrlplI_r ralaattra

raaoura-aa aoailalolato a Liruar ‘ritual rnadtirra ttranlaal -gtowltr}.

This rarlh-oolr ta rtliuklarlil itlu two parts. 111a fiatp-art consists of Itraorafloal

daouaaiorra al:Iout'r1atali1g and rrrarragirrg z|"rI'IllI and L'r1I.or tor zfiarlaa and $I'E|~9£|I

agratanra. Tha aa-oonrl pan oontaira axrrlloi alramplaa ot lira rrortr rra rid durln-g

ma raaidarray Io araata Ihia ra-db-oolr.

it our aqapmadl. wa rrralalltrurioalh-' rafartu El DaIaI:I'I:II'I Ii Lirlul: SEIF-lam rrrlning

urrdar ‘trial as a 'p~arrguir ootomr". Lilta a oolomr ot partgrrita. ourtrirtual aanrara

ara huzlrrluzlrata wllh lhalrown atlrlatrtaa, ahartng raaourcaa arlth nalmbora. Soma

p-ar|t:IlTI'1 loaltarlhan oflrara. aarna proaiola aawioaa to olhar ntamh-ara of tha-

oolornr. and aoma try to oonauma rrrora raaotrroaa than ollrara. Partgtita will la-a

la-om, lhra. and {aomathraa} dla—ln our amnlronrnant, all at Ihaaa atranta must |:HEI

managed.

Tha team that wrote this reclbnulr

trinr

Ttrla rarlh-oolr was proriroad by El taam at apaoialhta from arotI'u:I lira rrorld

wu-rkitg at that htamahonal Taclrnical Support Drgmuatlon, Pougtlcaapaia
Cantor".

Illalual llarrlaaao la a tasam laadar for S."-EJEIU radtrooka and orortrahopa at Ilra

ITSIJ Pouglrlraapaia C45-l'lIBI'. Ha rrritaa al:I-out anol taaohaa alaaaaa on Linux for

S.I'3‘:'lD and zsarlaa. lrliohaal Iraa worltad at IBM for 14 yraara. maintlr as a L|l'-lltt

prograrnmar. Ha has lad Iaama that lraoa arrtttan Ftadho-olra on DSJEQH UNII,

$.I'3~9U tia and prirt aanring. and Linux.

lJrI.nroI1 Elrllfiraaraar zfilarlaa and 5«'$EiI2I: ISP-'.i-5P$u:I.rt'ror'-a



Peter Blur ie an IBM zfieriee Tenhiie Bpeeieliet ii Ceifemie. He heitle a degree

in Eenuautar Beianea tram Geerge Meeen Urieereitg. Hie ereee ef eiqaarliaa

irielude Cepeeitir Flmnlngfer Ihe :5en'ee and Limit.

Iii: flreee Ie Lima: fer E1399 end eseriee Teem Leader In lhe Prefeeeienel

Eienrieae diirieien at Independent Byeieme lntegretere. en IBM Lenge Sgreterne

Etueireae Partner ii Aeatreie. He hee I5 I_.reere at eicperienee ii general

El]-IT|2H.I1Ih-Q, st: eI1eIh|::|"i was ep-erit Ier-:ir|-:i'|g eh SI':'iIEI-III. He I‘Id|::|e: a Eieuehelerei

Gerneulhg Science degree hem fiiueenelend Llniwmreiy ef Taehrieiegyt Hie areee

at eepenlee halude nenererirhg and Linux.

Bllriar Ennis ie a Serial fiieneuterit eriii 5aIteI1'3nr'pereII1'en, an IBM Eiueheee

Perlner in Bel Lake Gily. Utah. epeeializing In eeeurihreaneutfirig and pretritirig

rnerieged eeailtty eenrieee He hee12 yeere ef experience In eeiheere end

eyetenre engireertng en |:-hiferma el all sizes. Irem errlnedded threuyr

rnelrihenia. He Iieidee degree it Genipetar Seieneeirem Weetrnlneter Gelege.

HE: ereeeei eaqierliee lrielude hIgi1—ereieh|ll1.r e{.re1eme,deI:eheaea, and
edienced eehwere erehrleeturee.

lire Eenrliieir Ie an l'|'SpeeieIiat ierslerege Area Meieierlte. Etierege and Linux

In IBM Elehel Serulaee ~ Sieaenle ierlhe GEE regien. Hie ereee ef eirperliae

inelude Bleielge Area He1e.rerI:etBe.I'-II. Etlerege. IBM eBenrere xfieriee eenrere

neluierit epenaling egratarne |[LInu:. MS 1IIIIrideiI.re.I]Si"2}. end Letue [Iernin:i

aenreie. He Is an IEIM rgleener Gentrled ape-enlist In izseriee, e Fted Het

Bertiied Engireer. and en ICIBJ2 Ware Bertified Engineer. he wee a mernherei

the team Ihat Imele the IBM Heeheeit fleeigmhg an IBM Sterage Area I'n.Iehee.rIr.

9624-5999, and eerihth-uted te 1.:-erinua eserirer :9-eiiee end Li1Ln-t lritegelier.

Efuuielae. Heaiee pnzeridee Le1.reIE‘eup1:IertferB.II.I~I. IBM eBenrer:Benae.end high

eiraIlal:+it1.r ealrtiane fer IEIM eflereer xserlee and Lime. he hea been eimiaeed

er IEIH ferfeur ;,reere_

Heb van rill Heij "Be 'II'H mretenie Pregrarnnierwitr IBM filaleel Benrieee it The

I~IaII1arIende. He hee Etweareel e:rp-erienee 'I'i'i'tI'I MM Byeterne Pre-grernning end

has been urerithg wtth Linux fer SI999 etriee late 1999. Hie ereeer e1q:uer1iee

feeueee en ‘I-"|'-I. iieluding nlnrlirg a large nllnberei Liner inegee an e e'r-gle
BIBBIII.

Li: Helenrd ‘tee Eseneutling IT fine-eieiat etflre Bethe Bldhel e~I;u.rei1eee 5e|Llien

Genierend "H e niernher ef the IT Specialist Gerliieetien Beard. She e|:Ieeie|i:ee

in e-hueireee en 5:399 and zfleriae. 5L|:I|:I-I2II't|I'ig CIS.I':i9IJ Wabfiphare. Litux,

Denim. er-cl UNI.‘-It Eyetern Services- Herieehnleel nepere 'r‘-elude fl Fla-deeper

an EIerni'ie perfermanee en BIEIQIJ. retriaiarte teihe 'I.I|F Ueere (hide. and

Hedreehe en Eeinpenent Elreiter. She began inenthg fer EM it 19BIJfI:|ng

Belentrie hrp-er.rritere.er1d began errpperihg MUBIIA ee e FBFI ii 193-9.
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Comments welcome

‘r'ourr::-::-rnn1en1:s are imporlenl to us!

We weni our |E|'u'| Fledboeke In be as helpiul as possible. Send us your

oorTI'ne-nls about his orolher Fteolhoolrs i1 one of The tollowing ways:

n- Use the onllrre Eenreoi us reyiew redbo-oh forrn Tounol st:

1hI1.I:el.."'r'ed.t-note

Ir Send your oornments in anIn'rerne1noIeIo:

rsdbookflus . rhrr.sor1

r- Mail your oomrrrents Io Ins address on page ii.
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Theoretical

considerations

I1 Ihis pan of he book. we disouaa ihe lhe-::nr'_:,r |:naI1i'u:I iwalalliig and rnaunaging

1u"'u"H arid Linux forrfi-Eli-Elsantl 5I'39I'.'I s1,rs|.'err:5. Fnrexpliei E|IE.IT|I|'I-E3 nl lila work

we did duriigiris reeidemy. see Part 2. ‘Pr3.eiiuaIeensi:letali::r1s" on page 13?.

fiIi11I|5'Ti§IitEI.Ii3i:rII'.?ElZh:I1 I
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Introduction

flrananyi:-na nrhualaawahahfndnlma wrillren manual‘. arrdflketvise

anyw:eu¢:amcamasH.m#:abaHafmatsud1mifln:gudIlbadam‘md

an-riam. mustha amaanfrnglrsahlple-mimfiad.

- Plate

The: lntmduaflnn uni Lhux lnrlha 5.u'39fl arnhrtmztura has |:umug|1t amaI'prlsa—|aI.ral

sn:a.lah|it~_.r and raialnifly to 1119 su::c:assfuI Ijnu: snflwara plaflnrm Ens area

wfma Linux tar |Bl.I @sen~ar :33-riaa and $:'3=Q£|I has shcwm particllar prurrliae

Is In Iha htarnat Sawing Fn:-vi:|ar{lSF‘} and Applinatlnn S-anrhaa Pm1.rl:lar{A5F:

rrnartat. Thasa pn:-mars land tcun.-1 many idaI1ti::a| samars. maailng huga saruar

fam1awihrad:aflarra:tulWebat1dapplicatinnaan+am.htiamntpaflh:a

rnaltat. he anal at mainahhg and su|:npm1i1g a hrga nuntuarni aanram nan

|‘=Iu'a a mhmnial irqn-act an Ina mlrpanfs hi:-Hum lina- In anrna gau|;nq1|1iI:

at=aaa.1lu-urapaca is ata premium as wall. In tnisarr-.ri1:nnrrIuar1ut.lh+ar adumtagaauf

ma 5fEiEH!I are slgitant.

Hmram: depinaring an E-I390 ii an ISPJAEP satirrg is nut a sirnpla uruiartal-mg.

Iflunaulidalimg many Linn-: aanrarsnnln una sat at hardrrara has uriqua

lrnpiaailuns hr rnanaglng Ina lndhficlual “rnad1has" for npllmurn p-anfmmnua

This d1a|1IaI'cHu.m file h'I§!1-lei-rel issuas imrolmad 'r- da-|:I|ujr'I1g L'I1ux lur

:3-arias and Eh"3EI~‘.} in Iha IEFMEF sailing. -HIEI uflars guidalirraa int datenninhg

ma wietrirry :11 Li1u: inrzfialiaa and SEEQD lnra panlctlar amrimnmarut.

fiI1:&:|:I,.ITi9‘ItEI.I+:=u:IrIn3I:I-:11 3



1.1 What this redheelr is

The gesl el this retlnc-pt: is te address scrne st the issues inueleed in managing

large numbers et Litutt instances en the zfienes and 5139!] erehiteetu re. We
include inlermstiee that will he usetul te ISPIASP users whe ere new te :Sen'es

and S.-‘BED. as -ersllss te current afleries and SJEIQIZI custc-me-rs time are ittsreste-t:|

in eenselidatitg msngr eer-eers ente their existing hardware.

1.2 What this redleeelr is net

A greeting IJ-pdyr pt ether dectrnsntatien already exists err Linut-'.ter::5aI1ss El.l"rl2I

E.I‘.';tE|'.'I. and tire dc nct duplicate that irilennatien here: we tle net cetrer hcwte

instell, eenligure end use Linux tsr sfieries end S1393, ner de we edtiess

sp-scilics at the trarin-us atrailmle Linut: ciistrilnutiens 1-pr SE31-Eli}. These issues ans

cetrered in depth in the ielletuing IBM Ftedlaeplmz

I l.inux rlcr IBM [t.:1et:r-rnr .5?-errss and .E‘rrE'.'i'tIl:iZiisl'rttrtrricns. Et3ErlrI32I3-t

http:.I'.n'tv.'.rtr.1l:rn-r'.u:m,."red heei:s.I'.el:ret ran:ts.n' sqfl-1-E..'-_"fiI -htr1i

Ir i.i.nLur fer Ertted. EGE4-tea?

ht L|2|:i'."tIr'rl'rt. I|:rn.cen.-'1'etI tr:Iei:s.ta|:ustr.a-:ts.n’s-1;!-tt'iit!J' .htr1i

1.3 zseries and erase architecture euertrletrr

ii-

The IE!-ht ifilserner zsenes is based en the sutrrzttiteeture, 'rrhictt is a near, E-ttnit

superset el the ESNHQU srehiteeture. i:'This architecture is eetrered in detail In

ifitlni t§g.’|ssn'er .rSen'es Httd Technical Guide. SIS E4-5135.} The ifleries

erehiteeture ls lundementelltr dllterent trern ether eemmeh systems in the

IE F'n'AEF entrirenrrtent. and these cltttsrencsss have at pmlc-und intlusrrcs en

plenn ing and implementing Lin us Ier :-:Series and EH90.

In eur r'-Etlltltliti. we highlight the ways in which the zserles diters trem Intel and

treditienet LIN lit sewers. and the impact el these eriherences en the Linux ter
:5-eries and Ertiflti selutien fer lSF's and llt$F*s.

This seelien I.-rill else ser-re es s hriel intreduetjen Ie the sreh'rteen.me ler readers

new te zfierie-s. While it is net a cernplste guide te all the ausilalzlle eptic-its and

features st the zfieries erehitesture. it presides s qu slrteur th reugh the meet

impprtsnl aspects that s nsaderfamilisr with existing |..|h.|I3I'. and Intel ser-rsrs
would need its understand.

|JnLn:-en |Ei.i ffienrier zfiterres and steep: |SF'.'.I.EF' Seiutiens



1.3.1 Modes of running Linux

Units is supporlotl on the S-‘EBB G5 and 136 models and the :90!) series. It iIiI'i||

run Eat and older siistarns. hutas those syrstorns tool: IE EE iloatlngpoint support.

porlormanoo will be strongl-_.I afio-stod. Tho loliooring olissussion hriofl-.r outlines

the modes in which Lin us can he run. which are illustrated in Figure 1-1 on

page 5.

'--'I

a's'.'s.;;g:ess.:.sss

Applications it-|_IjE_+
has

E%iUnu+*:=s-i_|

2. Logical Partitions 3. HM Guosls

Figure 1-1 was or asertes antrsosoopersrpn mooes

HEfi’il'E l'l'lDdE

Tho Iirst option is to run Linus: nathroljr on a 5J':3EIIt| orsfiorios sonror. as illustrated

in Figure 1-2 on page E. This itclicotse that only one Lin its system can be run at

atirne. with full aoooss to the entire system. This option has no software

llrorscruisttes other than the Linux =:rJorat'I1o system issti. and stain ole

app-ioolion lhat has large ro-q uirornonts Ior morrtorgr, tifiaoooss anrlsior p-rooossor

power can proiil from the toll resources ol a standalone Stash or sseries system.

Cln tho olhor hand. sinoo thoro is no other oporating systsrn aw.-oilohlo for tho

oonmunioation tsot-nioon Linux and tho hard-araro, tho only p-ossit:-lo aoooss lotho

sirstern priorto hosting the Liiutr operating system is through a hardware

oonsole. anti dotauggng son also his done In only this way.

I2hi1p'ior1.|ntror:lui:lior1 5



E

Usualhr this -shsids will an iyr bs tzdnsidsrsd tar tasting ptlrpssssdn small 3339!]

systsnts such ss ihs PISQIJ dr Fi.'39d-BsssussIl1is sslutlsn dsss ndt sspldit ths
aisiliiiss dl Ihts hardttrans and 'I.n'I'.'I td share 1119- rssndu r-sses df lhs ssnrdr |:i-stwstsn

sstrsrsi spsrstlng sjtstsrna. it is sl ha irnpsrian-as isrssnisr sshsalidatisn In an
lSF' st AF-P sniil rsnmsnt

Fiyttrts 1'-2 Linda f:Irs'.Ss.-t'ss.arr-:i'S.-'33:! ir:n.s;n'I..-smdds

HUl'll"iil'lQ Lifllll ii"! H Lagisal Flffitiflfi

an Si‘3EitZI drzssriss ssrusr can be divided itts up ts 15 It:-gl izrartilisns

iLF'aFiai. as altdwn in Figure 1-3+:-n sass 'i'.Thssa tr-artitisns sash have tltsi awn

slidcalidn df rriismdqr. and tsithsrdsdisalsd dr shstrsd |'.'!I'[tE£IS£H2i-|'E, as wall as

dsdisstsd sndiar shsrsd shsnnsls isr lit] dpsrstisns. Ths LF's.Rs can spsrats

indspsndsnlly at sash dthsr. aindsi fits Prdaassdr Ftssdur-safflystsm Manager

n{F'HiSi-'l] micrssada guarantees that up-aratiana in arts LF'.fi.Fi ans not allowed is

lntsrisrs with -spsrsilsns in sns1hsrLPi"tFI.

Lits running Linux an natiss hsrdwsrs, ns sdditldnsl ssitwsrs is rsqu'rsd_

Additiunally. ths ad-irantaaaa at trirtuaiizatiun at ths SHED hardwairs. pmsidad by

the PFIISM miu::sasds_ sari hs Eit|l3-|Di'i~isI2I. which altars a Ilsatihilitir supsrisrts that
all El static hardwatr-s sdlulidn.

|JnLn:-an IEH ffimrtrhr zfiiarins and Etn'3IEi-i.'I: |SF'.'.I.EF' Sdiuiidrts



+ applications

F.-yura 1'~3 Linus far zsarias ana'$s3.5|i'.'-I in Lfidfi made

Dust t-El tna |'I‘r'Ifli.EI]iI:I-t'I that Clnly ‘IE LPFLFIE can he t'1EI-Tineiiil Din El EEEEII} ctr I53-TIER

server. and ihsii all tielinitiens. msnsgemenl arid sietiu ggirig sf Ihess LP.-'i.Hshs1.re

ta it-a dana iran'i tha hardiiiara aansala. this aha ice is alaa at limilad auitahiiit1.r iar

sarsar cans-alitdatian in an ISF ar .|1.EF' ariuiranmant. Th is aaanaria is mastty usad

fer Linust systems fsrtesl in development pu rpesss. when na additisnal
maintenance at 'I.I'i».I'| is wanted.

Flunning Linux as a ir'iiIi guest

L'I1ut«t sari also run as is gussl ups nstirrg system in El "i"|'u'| ‘-Iirtual |'I.I'|sIishinis.1.I.r|'tish is

ilustrataei it Figure 1-4 an page El. Tha 'I.i'l'..'| apansting systam prmridaa sri

eniriranrnenlthat allzniis you to srasle anti manage hundreds in thsusantis of ‘EM

guests, in which rnultinla Lituit irnagaa can he aparatad an a single srasa ar

z$sries rzilstisrrn. Ptdditisnsllyi st rsnerieire sf arleressd '|.I'H tests and utilities is
available.

I2i'iap-'I-ar1.|ntrai:Iui:iiar1 T



Dependirug en he hardware platlerrn. there are twe Irersiens ef 'u'|'u.I etreiletrlez

31-btt addreeeing VMFESA. which rune en EIETFE er 21164 Eflerias ere-ceeeere: er

Ii-4-|:n'rt addressing 1.-"I..'I'.'I fer EH54 zfieriea precaeaers. which can aled run dn EtIE?2

preeessers in 31-bit rnede.

LFAR5

 
E-‘CE er CJSJEBEI I-"'-"H-I'| er 'I.I'H.'ES.I'a.

EEIEIEEEE Ftseflsmm“
Frydra H Li.r.IL.L=r ferzdedesandfi-flflflasa Wdguear

Be it hundreds ef virtual Lin u: agreterne have Ie he set up. rnenltered. managed.

tuned and operated. usna 'IH~'lI'EEA er INM isthe en-hi feasible setulian.

Hewever. a certain epereting lmdwledde et til-I is required.

hlcwnelty an ISP er ASP le teced with the prchtem ct running mufliele sen-ers

Ir.-'rIh Iha same eparating system and similar applieatjerrs. Theeaa can he isdlaled

systems er mulrrtierapplicaticns with a database senreren a central host system.

1.3.2 Preeesser architecture

The care at the :Series archilenslure is the Huli-Chip I-'|edu|e |:|'-'lr.',‘.I.I'I].. The MGM

Is an extremely dense package that eentaite either 12 er 20 Pre-eeseer Unle

{PL.lsfI.dapan:|'I1g en medal.

H |JnLn:-en IEH ffisr-rI.r~r zfiierias and Etn'3IEI-L'I: |SF'.'.I.EF' Sdtulidne



Essh F'lJ sen lseeentigurssl te perterm ens el setrersl hltslierts. irtr:trIr:l'nt;t:

r- Cehtrel Preeesser {GP}

- Integrate-1 Feeilthrter L'I1uJr{IFL}

r- Sytstern Asset Press-seer {SAP}

r- tntegsled Eaupitg Faeiizr “EH

A Pt.I asslgted as e£3P sen he need he run arty strp-|:tertetl eperathg system:

IEtEt'3El-III, EMS, L'I'|I.I.'-:, ‘I.I'H.I'E$Ft, :u"Ir"M, an-t:l alhers. Eyrsentrsrst, sit IFL rnay enhr

he used te run Linus. ‘».|'lF srtd zfttttt trersten at.

Sells are pmsessere detissted te perlerrnitg lfl:t pres-esslhg. ettleatitg I1-El lei

frem the pr'II1er_r ere-eessers [GPs er IFLs}, and are tissussett it 1.3.4, ‘tr-‘Ct

srshieeture" en page 11.

The lI:F ls pert ed‘ the Parallel Eyeples srr:l1itet:ttJre,1rhielt Is net surrerrtly

sppllsehte te Li‘tttJt.

The sesaeeistett esrtfigrrretien rules snrzt eptierts are eemples. but the hesis

gu'r:lellnes are:

I- Atlsesterts PU rnrrstslwsrrsbs sssisrrsdeseflfl

r- #11 least she FU must be unessigrtesl tsperet.

r IE-PU medals hsttre E Stt.F‘s stettriler-tl, 2lZt—PU rnadels hatte 3 S.e.Ps stantIarr:|.

'|'hus,f=:tre12-PU rrreslsI.1l1ereise msttinun elQGF'ser1£':Pen:tEtlFLs;lere

20-PU metlel. the rne1rtt'ntIrn|s1E EPs er1GF' -Ettd 15 |Ft.s.

tlete: AI praeessers Et55|§]'tIEtrI:| te an LPAH must he etther L‘-Fe er tFLe: that is.

gen sehnet rnltt them [therefore any L|l'tlJ!I'. system trrlth IFLs wit have st lesfl tsre

LF’.ItFts -enelerthe mirtinum reqtired GP. plus ertetherferthe IFLs}.

Esuah PU ls eetuslhr a duet preeeeeer. where teeth prasemrs execute the same

cede at the same tine. It the results ale hut rrateh, the PU sen sighel thet It Is

e:tperter1si1g errers and rsrnese ttsellrern the sstire preeesser peel. tI'r'hen this

ensure. the elthe spare PUs Irtl attternetleelyl be hrertjh hte sen-lee tte replese

the Ieiest PU. This preeessersperirg ‘rs t:enqJlslte|5rlI'£tn.'qJ-srt'ttt1|te the epp|isst|en_

he itmerlerttelement cut the l.'IG|'tl end P|.| u:les:'tt;1is1l1e mssshrelsertrhtridit

eeellehte te each preseeasen The t.lt3tut hes a tetel st 24 fifltses at henttrrttltlt,

restthg ‘I1 sr1 strsilslele |:trtrtr:|tIri:I1te each |:rn:I-sesser st 1.5 Gfltses. This is art

er1:lerefmsgt1iude.erntere. greater than tredhiertsl enterpn'se—«s|ass U|"lII

servers. This Is slgritieent beeerrse Its tmrlltlehel Ultlllt. eppmstlt is ts try Etrtd

mifrhize ltfi e|:Iers1'terts:-.tsi1gl|'re serhe er:I1:«reerr.'l1 en the IEIEID srshttssttre will

net melee rne1rirnI.|'n use at Its eapehittie-s.

-ISM-t:I'Itr1.|rTtr-'.tI'.|t.tr.=l;I:trr it



.|1.na11Iar'n1parlan1 faatarta nataiatI1a1.ua'ng I1a hlfllul pau:I:am'1g. aam I310

rnaal1i'Ia n:a:H1'-aadalaarad M11 an: ar 2!} We alraady phydaalgr i1alalla-:I.'I11a

nurnharai GP: and lFLs putdmsadara malalad by EM man i1aiallaIiun.An

adHantaaaaf1hiaa:Ian1gmnamia1ha1ad:ifianalpriIaamba'addaaf'hy

EH nan-aadad u.ri11aLt1aIci'rg lha a5pa1aIndan11,I.|:1ai1ama:ti11un alawacliar

11131 muJdal1rpa.{Up§|‘a:1|rru1Iam$ 1a1alGPa+|FLal:a1flwau1dIaqLh $1‘!-El1I[||1'1-El

taha 213-PU |'IlE1lul,ul'id1 raquiaa I131 tha E‘_|'$I'E|'llIhEI pawatadd»:mIn.} Thh

1aaturalaraluTada:aa+3apaarIyILIpgradaan IJaman+:l:[GLIalJ‘,|.

1.3.3 lulamarr arahflaamra

 
Main mamnry

Tha zmfl arclirlactum supparta I'M-I'I'bI!I1"!.|' aarligmatlnna 1mm 51:: BREE lnrlha

12-PU rna-dais. arH.11l3I|.'aE4 1.’-2IBiurt|'raE1l-PU rrradals. Tha 1:.‘-PL1I.«IG|'I.l haatwa

W|Il11nflfEIlEBBafh1i5mlii]LfldWI1llflJmH11nfif¢Il'I15lI'hEED-PU MGM has
fawhuaaaatrdhaurcards.

Huta:1'I1a 2121-PU mandala hanra twiaa Illa rrramanr |:au1d1a1:1t|1 afl1a1E-PU

rnnclala. ra+gm:Iaaa a1 haw many aallaa C=Faan:1 Fl_aaIa GIJI1[IQLliid.

The pI'I].f3lI:H manmry aanzls have -1, 1!, ar1E EB :11 munuqr hull h,l:nut1I ls

anatllad hatapa a11.2, and 4 GB. raa|:Ia-ati1.raI5.r. This allows a flilaflaapalniinrhr

rnamar'_r. up 1a’I'Ia rnaxlrmm aurailalnla an lha halallard rnalnaryr aarda. Ha1Ira'uraI'.

Guam 1::nr r11:arnur'1.r la dh'up1I1.ra anal ra-qtiras .=1ILI| Pmrar-an Flaaaat {PER}-

Pfflflfiilflf Elfihfl

zflflfl 1.1113111 has ham L1 and L2 mafia htamally htagataui Eaah PU has 255 KB

at L1 aad1a{12B HE 'na1mati:n"12'EI HZEl+;|ataL}.rn11ia1Iia airnilarta mam alhar

pmaaaaardaalgm. Han-aaar, 111: L2 aanzha dlnalm af Iha 31390 and Ifiariaa E

1unclarrnaI'HaIIw:I1rfara4'rl1ram tzmhal UHIH aanrar and Linma'1ntaI aawarclaaiana.

T‘r1au§I1 fl1aL2aan;ha ia irnriaizlla |.'a111auaaranI:IIargahr ‘I1-.I7fl:IIa ta tlla apaua-Itin-g

ayatam, I1: Isarhanaahaardflaatura Ia pa|11apa1I1a maatarliaal -aan'q:Ianan1af

111$ ayratarn faryaa 1|} mdflflflfflil I“: |'.‘rHI1'InI‘I'I1§I F-11'.£II1|:I n'IEl'IEI1;|'I'Is;I. panfannanaa

1|.'l Li1I.n:-an IBM flaanar :3-II1ia a.r1d31‘E1a'1I:|5I".f.fi.EP5u1LiaI1a



The typical Llhlllt er Intel eertrer has a pritrate L2 cache lereach preeeeeer_

Preceaeera cle net ehara L2 cache eentente. and the trachea thenteelyaa are

talrtynen-ewhutdeep_ Ferexanplaflteafierteaflflflhaa L|'.1tI:I2MBl:I1L2t:-ElI:.'t“lEt

per preceeeer. entl each preceecer in the pfieriea EH1} hae upte 1'ErHH ct private
L2 cache.

Th-eae arcltllelzhlreacle yery wel ythen the ‘yrellutrte cat" {which la the eecle the

pmcaaaertertda te keep aarecutitg eeera periett el t|r'net flla itte lhle cache, tutti

when the tyerltleaet ie eaeiy pertttlenacl ihte perelleltadta ital can be aeeignetlte

a panlcular preceaaer cehaatently The TPt}»t3 leehchntaltt la an example at a

werlcleacl that ii yrel-atitad te fltictype el amliteclura-

Henleeer, in general these centers have relatively limtletl memery lznahthtrittth. ee

that the mere fnequently cache rnteaea eccur and clala meat he relltetredtrern

main mernery. the leee the cleep. pn"rate cache heiec. I1 partlctlar. tihen the

eyetem ie heatriy leaded amt tael-ta meet ccrnpete lerpreeeaeertitte. each tael-fa

wetttitg aetrnuatlee leaded itlelhe prhrale cache each tineital tacit rrtetreate a

tiflerent precewer. llie terthie reaeeh Ital meet EMF lJt*ll.'I'. eeryerc are typically

aired te run at utiitalicrt layelc et eppre:-timately -ttt te Etfit.

B1y'It.‘I:l‘tII't|.7l.'it,1t'tliIE5ttIt"l-E3t'flSt'|'l't:I1|5In|HuL.'EEEttI1iu$'lfl1tI2h£lFliSItEI'B-dh1y'EEIt|:i1Ct

PUe each {in the 12-PU and 2tZI-F‘tJ rncttele. reepectitrelyl. Theeecechee are alee

lttltjtly eenheclect te each ether and eentain a great cleal et lnlercennecl leetc. in

adtittcn he the cache memcry heel‘. tltI'llh this shared cache, tact-ta can be l‘I‘tEt-'l|'ltI-El

trem preceeeerte precaeeer ae neatletlte rn-allege lead yrilheut nacemrily

lrteurring a cache mlaa.

I't arlrthlen, ahen cache mteeeacle eecur, the aignlllcerttly larger memery

haruzleritlt atraihhle rrtitinizec the cect ef retrieeitg data hem mait rnemery.

Thee the Iseriee cache daelgn tencle le layer appllcatiehe that etc net have

eache~trlenclly yrerttlne aeta and leehat.rter_ The aharect cache clealgn alae

expleite ally zfieriee eenle-Ia are typically run at rrluett higher uliizalien than

Ul-ttlt aereere: leatte at EU er tree are net uhcemrnen.

The lulII:ltl__ men1erycan:le. tlrypte-graphlc Element {CE} chine. Ettalrtalted

Cleityerter Aeaembliec [Dflha] {prececeer cage pewer euppiec}. and Etttemal

‘Fume Hatarancettitacillater {ETFttEIEE} cards are inatalecl in the tlanlral

Preeeaecr tficmpiex tt2F't1]u cage.

1.3.4 l-‘Ct architecture

Because the cplicne and cen|1'eurat1'enc airaihhle fer ltfi ehthe zfltttt are euie

emrueiemacelrpreltehehadaaaittlenelfltahicheyertdflteecepeetfltia

recI:teelt_ Heeretrer, we leueh men the atlniect ttrlelly it this aectlen, ahce ltt] en

the ztttltit ietunnzlernentaly cl'|‘terehHren1 typical lJH|.'tt er htel eenrer tI"D.

Itltemt-tr1.I1ret.’I.i::liee 11



Cl"iH‘|l'IBi!E Eflfl El.lbt‘:i1EI'I'lHE

'|'h-e best: |:'iui|i:|hg I:I|e-di ef Iii] eerI1et:ii1.n'ity' en the 29110 is 1i1e sire:-mi‘.

ileneephiely e shennsl sen be viewed as s. pieih frem the pres-esser {HEM} is e

phgieieei devise- indeed, ter eidemei -deiiieee ieese. fer example] eehennel

H'FEI'|'|iJEh|' Irerieletes he a pltyelesl ceiele n:irfii:iueI'_

Mehehunnsi. by eempsmsen. sen he iriewed as e iegisel eerineetien item B.

epeelie pmeeee te eerne iifl reeaetree. Fer exermle, eepeeilie nelweric iriteiteee

in en prcreeeiss is 1::-enneeled tn 3 sLI:Iehsme|. Merry ELIIII-|2i'H|'I1EII5 are carried eirer st

shgle reel ehennei.

system Assist Preeessers i5APs}

SAFE: ens Fue eentigured te rm epeeieiized rniereeede. end their rnenege lit}

epeaeiieris en hehelf m‘ a GP er IFL. The SAP eeleele ihe epprepriiete ehenriei te

Lise ierthe i.I'Ci eperetien. end is else rswensiziie i‘ersshei:h1|inp end hslsrrenpte

eptirriize eieeeee te devises.

Frem Ihe GF"e perepecthre, the I.FI2i request is henried eh‘ Ie the Sii.F',end1he SAP

iriierme the CF |i|i|i"|E|vl1 flte eels hsnsferin erfrem rneln stereee hes been

p-erterrnedendiie iii] eperetien iseenipleie. The entire pteeess istrensperentte

me pregame ri.inri'rig erithe GP {e.g. the Lhux+;ii1eete},hi1t I means the! the CF

is freed hem deeine wilhihe detsis ei |i"|I2I.

Self-Timed Interfeeee ism}
'|'h-e zfieries end Eidflfl servers de net heee e hediiienel bus sIs|1'ter:h1re Ice Intel

sewers and rriengir Lihliii senrers. Frether, ihe Htlid hesiat Eiel‘-1'irned lriierteee

iSTli pelts. Eeeh STI en the zhries hee e meedmtlri hmnierhltii e1‘ 1 -Eiflieee

ftil-dupleit. An STlpeI1 can he serineeted sis sepper cable ie an $'|'I-hiuliinleiter

i[STl-hi]: seed in ihe zsiiltl iifl eege. Eesh ETI-ht eerd srestes en iii: demein ei

teLI siete, whh ene eeeehmnr 333 htEii's»eu:- STI lire: pet stat.‘ Eeeh siet eeri held

ene ef the leleeritp Iiifl seeds:

n- EEHSCI-iii-1i5 ehenriel eerds

-- FiE:Cii~i ehenhei cards

I- USA-Emqaress i[tJ$it-E}d1a1neI ssrds

— Gigehit Ethernet {GIJEJ

- As1meiI1JneLIs Thruster Mede {A1143

- Fest E1hen1ei{FEi~|ETi

h- FCI-Cryrptegrephis Eepreeesser {PEI-GE} -serds

' The eeeerIdsnn'3T||'nitepHstssu i:'n-I2ii.'II.ELI'ee:1eri:he |1£l'5n“5f5tIiiC1'iHI'HF3[|3C-3§:I1|5|5flfldfiJfPfl"fliI55'$|IHt
epersiien'1ssndisnetsppIr.=el:leteLi1Ltt

12 Linus: en |Ea‘i'| -.'£Jssr1.'er sseliee end seen: IWIASF S-eiiiens



hlete that there ie else a Dem|Jatl:ri|'rtgr IICI Cage erreilmle. which ueee eeree

deeiprted Ier It-E BEIGE eeriee et servers. In flrieeeee the tlerrrpeliaitgr t-El Cage

is rzpnrrsclsd els en 5TI—H mulislexeresud plugged Into the CFC. pm-riding 333

Mflfeee p-erte. The Gernpe1i:Ii'rt1_.r IFEI Ce-ge ‘E ne-eeeeerjr te tree erryr et Ihre

tellewing eenzls:

I» USA-2

- Teken Hirg
— FIJIZH

Ir ESGDH-4

r Faralel-4

rr- FereIe|—3

EEEDH entl FIEDH

The Enterprise Systems flI.'1Mreetien {ES|!.‘.CIt~l:I channel is the etrrrent etenderrr:l

lrrtertsse fer eenrsedhg errternsl |r't]I devices In zfiertss end 5.I".3E|fl. II ts s

20 Mflreee hsl-eltlillerr seriel lei trenerrfilwien interleree eenietl errer Iitrer eptie
eelnlers.

EEDDN pens ere presided by ESECIM-16 esrds, 'r'rI‘rirth pmehts 15 er.-we p-erts

plue ene spare per eertl. The ES¢|'J|"«l-1E eertle are elrrenre itetelled in peie. errtl

p-erts are selhrsled in erdered lntedts et Ieur pens {e.g. iteur ESGUN perleere

nrdered, then Irrre EEDEIM-16 nerds wil be hsislls-cl, each with 1e.n:r- pprls

enelaletl}.

The FIhertJt]IlrI1eettnrr{FIGCIt~l:rrvss ntredrreeden the G5!-GE Sr't3e{rsndzSsrIes

sewers ts prptdde higher hand-.-rlclh end lrrsrsssed cenrredhiy. Flflflnl presides

at will Mflteee. full-rzltrplert eeriel irrterlaee errer tinereplie eebles. In edrzlrlierr.

Fl+3CIhI slerrrs rnuI|:u|e lrt) epensltpns Is he eutstsndlrrg snhe same this te

I:Hf|‘er'srrt channel sentnsl urrtts. Tslren. ls-gether, these new teslures slleer ens

Flflflhl eherrnel te preside the eerrne IFCI eerretrrrerreyr as up te eight Edfitflhl

e|1snne|s_ Fltitltt ssrds preside lrrm FIGCIH pelts eseh_

1.3.5 Hetreerlt era::h|ter:I:ure

zfleries end Sr5'EIt}netwedr eeneeetleiyr ls pretrided try Iheflpert Systerne

Aclspler-2 {DEA-2} end DEA-Esprsm {GSA-E} 'ntertsr:ss_ These irtsrtsees

ere-ride full TEFIIP e:r1neefir.rit}.r te s tweed eeteetien el irrthretrjr-etertdatl

netreertrs. Bearers] USA-2 esrds ere supported by the fieries; the newer neterert:

irrterteeee em eurneerled hrr It-e DEA-E eerth.

DEA-2

CIEA-2 nerds ereths preurieue gelterelieh et nehlrertt irttertseee. end ens

eupperted as eterrtlerd eherrrtel-etteehetl denriees.

IIIrrmtsr1.I1ree.r::Iier1 13



Th-s USA-2 fsrniyr nnnsisis s11i1s l'nlnMr'I1gI:sJtls:

.. ass-2 EHTFI {Elhsmsln'Ts+¢sn Hug}?-

- USA-2 FEMET {Fast Etllslnsll ~ nni stppnrlsd nn zfisnss

n- USA-2 FIJEIII {Fibsr Elisiriaulscl D-sts htsrhssi

n- USA—2 ATM {Asynchmmus Trsnsfsr Mods} — nst suppsrls-u:| sn 2'-iisriss

Fnrtus Emsmst Fsst E1i1smsL srnzl fiE|'I.n'| |ntsrlsnss,1I1srs srs n-sin fl5.fi.—E:prsss

fusslurss alrsiahls lhsl sqspurt fllsss nnstwnrk types, i1 ad-Iifinn ts sums n-s-nr

typss.

DEA-Express

Thus US.A—E:nrsss nanzls snsihs rl-swgsnsrstisn sf nsllnnrlv: "mt-sn‘sns snd ans

sump-nrtsd -an |:unfl1 I1s EEFC-afissriss srssn {ans pnrt pan card: and Ihs zssriss

{Mu |:II:IrI's per card].

Thus DEA-Express fsslunss i1In:I-ducs s nsw spsqsling rns+:Is. '|:|1HH.|IBd Dinsst l-‘D

I[E.'|lII1I:I:|. EIDID is a highly sfllnlsnl dais Ira1slsrrnsd1snisn1 111st s'ng1.H'ir.sn1|'_r

insrsssss slats 1iI'|I'v|2H.|§IlJ-LII. fl usss shsrsd rnsrnnnr qususs and an iwtsmsl

signnsling prstnnnl to sasshangs +:lats+:Iirsc:tlj.r wih Ins TGFIIP slash. '|'h~s

rJEA—E:prsmIsst1rss sppss: ss shsnnsl lyrpss DEE lnr nsn4IJD|IZJ mods, and

EIED Isrflfllfl rrussls. Ths fsllswingtwss sl UIEA-Exprsss I‘sstI.l=ss srs

supp-nrtsazlr

.. USA-l=J:prsss£ilsE {fiigshfl Elhsmst]

r flSA-E1nsrsssFEHET

. CISA—ExprsssA.TM5

1.3.5 Disk srshilascturs

Th-s zflsriss and S-390 have rrlsuwdrffsrsni sptlsnsisr ssnnsslhg fss-d-dis-:

sinnsgs {D.s.5DlI_ In gsnsnsJ.1i'my' all sppsar as dwsnnsl-stlrsnhscl dsshss using

EEDEJH nr FICDM parts. Ihrsugln ssrns nltlsr sjrslsms may use the |B|.I'| bus and

tag psrsllsl inlsrlass.

Th-s mlrsnl rsnsnmrnsrudsd stnnsgs dawns lnr ms zssrlss ls ms IEIJI Enlsrprlss

Storags Esrusr {E35}. also I-innwn as Shark.

3 The :3-‘alias nnhl sI.|:|:-srts Tnluin Fti'-gnu:-clsiirlirfih-2 EHTH.
* Itnnlar sI.IpIH:ns Dtlltlmnds H1 .iiTl.II LAN ErrI.IlslsI1I!L.~'t.I-«IE!Irru:H:|-'.I.

14 LI'nI.n: an IEM -Elssnnr 4".5'il'|iI$ and $390: IWIASF S-n|I.i-sns



E55.r'S|"erlt

The IBM Enterprise Ettirt-Etge Senrer tESS] is at ttempleta disk stersge system that

presides up te 13.9 TEt et managed sterage te all majer types at seniers. The

E55 uses large eaehas and title 4-was EMF Ftt5t: preeessere Ie preiride

etdremelir high perterntanee. It can be integrated ‘rite Sterage area ttehlierlt

i[SiltI'-ll architecture- ttlultipla seniers ean be attached te the E33 using the

tellawing types 411 intartetees:

Flare Channel

ESIII2-H

Fltltitt-l

Ltttra3|Z3SI
'l"l"l'I'
lulere intermetien sheet the E35 is available at

ht ttI:.I'.-‘tr-trr.sLt:-rage . i|:r11.-:eIt'harttsettt'tIt'-edut ts.I'essi'ess. h tn

1.3.? Medals

The ztltitti lamilgr el systems is desigteted by a medal nuntlserel the term

QUE-d-1i]1. The last ltrie digits at the part number-designate hr_'n.I.I many sentrel

preeeseere ti: Pa] are enabled an the machine thus the Elite-t—1|Il1 has ene DP

enabled: the EH64-11$ [the largest medel] has ‘is CF's enabled. There are else

eapasity medals which have part numbers et the term 2064-1131. These rnedals

are intended te lee erdered te suppen Gepasittr Eiadiup. and are Elli-F U medals.

The -IE5 medal, tar example. has 6 CPs enabled.

1.4 Selutien applieability

Cine at the side sheets at eenselidating manii discrete sennerwerltleads ante ene

efieries sen-er is that the epplleatlens Interact and alteet eaeh ether in I.-iatrs that

the; da nel "rt a discrete emrirenment- Aeedrdinglt; sdrrte tlrerlrl-dads types are

mere apprepnete matches and are Iilrely is he “gee-rt citizens” et eur penguin

eelemi.

1.4.1 Batter rnatches

El-aseden the eliaraeteristies er the afliit-Et architecture preiiieusly deserileed.

ieeritteads that are eitealtent candidates ter migratien te Lhuit terzfiarles end

SEED are enee that etthileit st:-me el the tellewing characteristics:

- til]-lntenelee eeeratiene [e.g. senrlrig Web pages:

. Ligntn.--ieeeee sewers

Ir Eustem-tailarad system ittages [that is. He 'deIattll ineIaIIs"l

i:heptnr1.hin:-tturtian 15



1.4.2 Iulnta ditfisult matahaa

Ely tha aama tattan. aarrl-a typaa at aalltlaada ara rial wal-laahavad in tha Linux

for zfiatlaa and 3-‘£3912! ant.-lranrnant andtlrua ara paar aanalldalaa:

-- Garnpits-i11ansi'irs apamtluns flsdmlnsl unnpulirig]

r Graphics [I-Witdaw ayatam. att:.}

n- Haairlll-Iaadad aanrars

p Tsflis that Eh-EIdIt1|"l-El systsm clad: -nltan tin sas ismligumllm Illss hairs

cltatgad. lat a:-iam|:~la]I

FlaaI'I1g—palnt calmlatlans can ha aspasialir problematic far atdsr rnaahtnas;

pularta t1;'+.1i1ara was nu suppnrl farms IEEE tlaaliig-pant fnnnat ‘-1 than

ES.tu'3E|Et iamilyr. as all Lirimi flaating-pai1IaapadaIEEE.Ihaaa rnaatiitaa ara

aspaalally pa-at partawnars far gspliiss and athsr aamputalianal laauls. Tha -I35

tarniyr 'I1lrat|ui:ai:I IEEE aupp-urt via micracada; I1a GE farri'l1.r raaaiaad a

aiyni'I:::arit Ilaaling-paitt pariannanaa ha-aat by rnauirlg IEEE auppart itta aatual
simn.

1.5 INM and why you want it

Lhua tarasarias and aisaa can ha rm In $a1u'araII:I'ftIBI'IBIIII‘nIJ-Eltlifi. aaah wih its

aim ailirantagaa and diaaauantagaa. At lha ptaaarit tima lhra auaialala rnaizlaa axa

It-latlua, LPAH. and z.I"iI'I.nl“_ Thsss aplhns ara iissusss-u:I l:u'ls1'lyr in Its IEIH

Hathaak Li'm.I;r: Far fitttfilfl, S'l.'i24—-I£:'lE-T.

Wa alrangI;.r l'vIEH'.‘-El-l'l'lI'I'IEIl'Id1l'lflt :l'l.I'hl ha uaatl ta daplay Linn-: in Ila ISPMSP

amrlrcm1an1_Thsrs ara sarna adclianal annmtaxlllas and sills that lull naatl ta

|:i-a laamatl. hut wa haia-ra that z.I'l.I'hl aftara an axtratnaly pawarful atwiarlnarit

ilittiali is naaaaaaryr la auuzsaaatullir rnariaga liun+:Ira-:la at ltiauamcla -at uirtual

Lhux ssruars. some at this tsalurss zl".I'lul hrhgs ara:

Iv Ftaaaumaaaan laa sharacl arnanrg rnlilinla Liriu:-i irnag-aa,'l1I:|I.II1irlvg CPU,

mamarlr. alara-ga. and nahiazali adapters.

- H-E1.|.| gums sari Ins sclclscl qlldtljt allh-nut raqiiritg izlsdirsstad rssnm:ss_

I- Tltara ara aatratnalyr high-a1:Iaaduirtual |'i'EI’i'i':fI:|l"r|:$ la-atalaan quaata.

r ll praaiziaa aantlaizaizl atataga management and tiai:lu.|:i.

r- A rich dshug and last sni-lrarrnsnl slnuis lntagasta ha srsalsd that dupllssta

prachntiun 53-alarna, -niiluut ra-quir'I'|g ad-tiinnd physical raaaunaaa-

r it pmaizlaa aampratiariaiua warlihad maniaring and a-antral taalitiaa.

‘itfrfllharalaaaanfafilt-Ill warhalangarraaultlmantlttra‘-firh.IaJImaiaaFatit;rt‘H1F]aa aui:ITfiI;urafiaI1-apiar1.af'-'1-'|
-iIai:I14raITI:a-aa rnatyafltnallrrlilatlaliapraainhV|Fa1dtaamflflaralhnnlaraiyapu:lfiaall5rdaai;1adIa5.wfl1
l.iH.ttfixISariaaaru:l$a'3iafl.

1'6 Linini tJ1'I|EM -Elaenar 4".5'il'|iI$ and $390: IWIASF S-ulii-:I1a



1.5 Skills and reseurees required

While nnning Lnus fer zfieries end 54t!EttJ has many sttysrttsges it terms et

p-atentlel re-dudiene in stetttng requirements end herdrrere menegernenl eeets.

this dues net mem lhel it Is e sirqnte undertetmg. Hunnitg hmdreds er

theussrttts st servers is s selnples Irrdensltitg in any sltyierenent end reqLires

quettlled. hnewledgeefle stett te inualement eueeesstully.

Each phase et the deeitelnstt st Lhus terzserlss she sees ‘r. the IsF'es5P

requires s slightty diierent mix at sltils- Te seertsit extent. the re:|u'Iernents rrill

yery trem eernpenyte eetnpeny. depending en eeietng hueitess preeeeses end

systems in piece. The eenersl guidelines ettered here may etter seme diestien.

1.5.1 Plenning and instsltetien

This is by tsrthe meet srtllsel phase cut any ISFIASF systern depleyment. The

deeisiens tshen tZi|.tri'|5| this phase sen hsye s etrernstis innset en the tutnre

pertennsrtee end ulinete sestehitty etlte system. This Is eeperisly the sees ter

Lhux ter zsertes end seen, where the system ltsel‘ serves es hhsstrueture her

many yirtuel seryers. The ittrestrttstttre me: he selitliy in ptsse end

srell-designed In erderterthe guest seryers te else he etehte end eflteisnt.

Fer this phase the teltewlng inniytrtusts sheutd he hesytty lntmtyed {same retes

mey he tiled by the eemepersen}:

e- Llnus system edminlstreter
-» t-tete.n:ehsdrrrn'shster

e E|"'|"i'tl system pregrsrrtmer

Ir Technteel supp-en meneger

e Estes and merhetitg representethre

The Line: system ethtirtistrstersntl netsrerh sclniristrslertulil mush the ssme

reles they teeuld in any nermsl mtltieeryer depteymenl: assigning IP addresses.

desuning suhnets, detennlnhg dist»; Isyeut. end se en-

We heieye that the sdtlitien el steshniest 5l.|:I|:It:t-I'i matsgsr end ssiestrrteritsting

repreeentetiye tethe ptenrtitg teem is trnpertent tn the ulimete suesess cut the

pn:-ieeI_Bs1hteeteiseJ suppert end sstes step-srtrnents need te he eersre et

sherssteristis advantages and limitstiens st he yitusl seryer ertyirenment te

preperty lntenn end empett thelreusteneers.

Cine at the meet srusisl memhets et this team is the e"u'h'| system prn-r|rsI'rtInsr.

Llntertunetsly. his is stee ii-tEt|‘y' te he sdttlieul pesitien its staff ter me-st IE'»F*ts.EtF'

epetstierrs. There ere meny perte et the system that need It: he emllgured

s|:pmprietety_ and this requires a relstiyely high set teyel erith 3"‘-I'|'-t. Essh

Eltrnt-I1.e1eet.’t.i::tisn 1?’



system is siglttiy iitierent. Iheteltee generic ‘seeltlneeif approaches are less

|itEtII5' te be eueeeeeiul. tl rney itep-eesilale le eiei:|uii'e this eipertiee en en

tenipereqr sentrsst ureereiitlhg tiesie -:|ur'ng1he planning phase. enclhmuqjtlit

as needed ense precleetien epereliens begin.

1.6.2 Linux image deplnynlent

Etnse the system is installed and senfigured. the depleytnent at new trirtuel

eenrere ie mush leee serriplizeted. The netwetli eeirnitietreter will still be

resnerietute fer managing IP nclzlressee entl netweltt ere-hle-eture, end the LI'nn-:

system etlninistreter is respensihle fer eclttigurilg eesh 'rIdiiridlIel server.

Hereenet, the Linunt 5'_|'S1|E|v|'l'I ectrnitietrster nestle te deirete-p eeme z.".tI'-.I El-tile ts

meitlmlze the etfisieneiee int he system. Itleeli-_.I there will he s teir deyee et

eutemelizin it place to ereele new ineges. sis we detail later i] this beet.

1.6.3 Iileintenenee

tuteiriteriertee lei typisaljr he-tt'ie dernein ef the nntrnel eperetinne su|:pert staff.

It rnest cases we einlizineite theit t5i'pit':-El Uflltt eenner rriertiterrig and

rnelntenense stills ere resdiy trsrieieishle Ie the zseites ereriwnmnent, wih

rnitiriei additional training in some specifies etthe i.'.I"'u'Ii'| meritering end sentrel
tunstiene.

IE Lintet en |Ee‘i'| -Eleener sfireltens end Sissfl: IWIASF S-uiui-:I1e
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Sizing

haaf|‘a::fl'u'anazfiaria-satrdzwlulnrahflwirahlrtyrlurunlnrg-aI11nt+e1=an1Lhu::

gua:sta,fl1araaranl:::ruraa|h1iIstnhuwmuu:h wmaghm s;.rstamr::I1 hanvcla

Humrdhgly. ‘I1 111E chapter we nis-uuas guidalinas mrmamhg $izi1g faryuur

applluaflnna and waridaauzls.

'|'|i.-3 hnludaainplua such an (F3. stnniua, DASH, and narnmk |::andwflt|'I. as

wall as a genera nvanflaw +::H1a raasnnnhg t:aI1‘ru:I mrna aha-eptacl sizing

rrletluzrclulo-gins and uurasaaaarrmtntihai mraidilyt
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2.1 The nature cf sizing

First at all ll's inpcrlant ts rsaiae lhat das|:I'rls Ills best aflcrls cl rnsnr sxpsrla

hcth I-Irilhin and culsirls at IBM. sizirg is an itsaact science. at least. A siIi1g

eaiinale is an rtpprc-.tr'rrratr'ss cf the harclrrare rescurces re-qulredtc aruapclt a

§l"|r'fll'I hcnrlcad. This estinats is tiawn Ircrhthe heal lntsrmallcn a'rs|lahie at e

p-silt i1 tins. it srdertc chtain a bass is well: lrcrn.

Elul cl ccuree, the actual resul will clten citer frcm the results ct 1he estlmals.

due is is-stars such as 'rnpan'sr:t data {lhs fiarbags-In. Garbage-l.'Jut sssI1aII'fl}.

Irrc-rlrIcaI:l slrew not being acccunled Icr i1 he sizing. cusicrn ccde. and ether
custcrnlzatlcns.

acid is lhlelhe fact that H: ccndhlcne dc nct fulyr ccnaepcnd Ic raelwcrtzl

prcduslicn ensicnnrsnts. and it hescmes ctruicus wh}.r sizhg rssuls cannot be

gueranteecl. This is net tc sagr elzirg canncr he dcns. crcc-urse. l:uLI ralhsrtc

ernphasdze lhe fact Ihatlhere ls ahragrs acenaln march cl errcr lnurcl-.-en:I_

This is particularhr I'|I2ItvB1:|:'I:|'l1|"rf||' it cur case because ctlhe dilsrences in the

pertcnnance characteristics between Linux cn the :35 and Linux cn lhe zfieries

plaflcrrna As hctad In E:l1apter1, *Intn::duc1icn" cn page 3, the prccesscr,

F|'lEF|'lI:|-l']|'. and l.I'l2| anzlwiteclurescllhs :53-sriss platlcrrn aresuhstantialgr dlssiniar

tc the piatlcnne Linn]-: has histcrlcalhr heerl run cn.

Therelcre, e1rh'a care is needed when perlcnniig sizing estinates Icr rmnlhg

Li1ulr an the :5‘-eries. as lhs shllt in relative capecllyr cl lhs sjrsterns may be

larger than e;q:+ectel:l_ Alec, cne st1cLIl:l lreep I1 rnt'u:I that alzhg is real}; hat a

‘Iirst guess" based cn he beat a-raiahle data, and slwrlcl always he lclcered up

l:r{rfurI1erer1al5.rsls.

This alsc means lhat [ecu need lc understand relatllre capacity acrcsssenrer

archteclurea. wlich aenres as the basis lcr sizing. Thla sLI:ulect ls ccwrererl lnlhe
ne:rt seslicn.

2.1.1 Sizing lrs. capacihr planning

Elelcre we more an. are need tc prcefids a cteriisatlcn: acme readers may be

farnilarwllw lheterm cr:Ipar.'r'r_|-' pfdnnrag. This is a service that IBM has heen

nflanrtg hr rlfll'l'_||"_||'BEl$ to its sustdmars. |EiI11ha 5'33] |:1|a|iI:II1T1, lhis inrslvsrs

getting EMF data [and prcisclsd +,;,Ic=rrIh rates] from lhs cuslcn1sr's irstalaticnn.

and then rncdelitgthe ccrnhlnaIlcr'l tc prctrlrlean unclerstancins ct l1cn.Ir tc handle

the grcwll1.

Ha-rreirer. lhls ls rr-r.IHlI1'ral are mean lnr sizing.

ill LI'nI.nr d1'I|Ei‘ri -.'£Jssr1.'cr shellac and sees: IWIASF S-sllicns



Emaaity plannhg is relatively; prauziatalala lziaaauaa il invaliraa rrIigrat'ng

arallemdaratadd wail-zlaada with in-aaaurad uaaga data within the aama

erel1teaIure_ |'I-l:l-H|'E1.I'El', when we alze Linux eizpliaetinna farlne zfieriea, nat anly

mawanmingawaaavaiyailataniplalfianna lziutaraaftandaiigaawilh lillladr

ne appliaatian data alrailalala laranalyreia ta euppalt the airing.

Elven lheae linltaliena. readera who are uaed ta 'I'l'E meflia-dale-gy' and reaulta at

I.".E|JEII::I"r5I' pléltnlhg ahauld rilatialuala fllai El-.'-ipneeiatiana far ayatem aiE'rIi;|. Td

railaiala: ai:-riig is l2lE!fi'|IE|1|' an area limaralhe margin at and: landa Id be an the

large ai:Ie_ El-ll‘I eneugti alnaul llmltallanaz lefa aee Ietial alziig aen. da I-EH‘ ran.

2.2 Flalaliva ayatam aapaaity

Ta really undardanud ralatiua aapaiity. era naad ta understand the balance at

ptaaaaaar pawar, the internal l:uand1.Iii:l1l'i per pra-aaaaar, and the relative al:nlllt5i al

the apalillrrg ayatein ta acltatlula wall: in e wen_.- that etiiiflanlljr Llizaa ra$t'ILln:ea-

Wlian adinalingilia ralatiiia capacity at aarirata. rndat paapla haaa their

eelaulatlana an the aeirelallan between areaeaaerepeedand ayaiern aapaeily.

Fere1-:emple,man1.- heme PE: uaera tend in regard the alddlr. rate as the pride

irlticalar. trutthia ia tad ainp|ial1'r:.natla manlian rriialaatitg. due ta

miaraprdaeaaardeaingln dileienaea {I-rilnaaa the recent battle between Intel and

e.li.-ID, arllie 1:-l:IeraEiE ‘F3. Pa-.i.IerF*t: aanllat. la: aarne high~pn:ilIe exempleal.

Elrthar uaara turn id handltmarlta. Sauna uaa apraaaaaar-ariaritad tiandtmatli like

3F*EI3in1. but -uilerenaea it the memanr and Ill} atilnaglatenta are maalied. Same

use an itdtiinr atenderd arpitiiened eppllaetlen henahrnerli lilie TFE«E: er SAP

H3 SD. but the praaanaa at warlilaad intialanaaa taallad "alta'af'} and tralianaa it

the ernaunl at data handled {“w-arlihg aet ai:e'] make lteae imerleal meaauraa.
ea well. We exemhe laencltrrlerlie it mare detei it Ite next aei:tlen_

l31EI.'Il:iI'E.$i:'I1g 'e.."'I



Atterttlen: In the metnlteme emtire-nmet1t,|:tee|:tIe etten ueedthe term MIPS te

indicate rehtitre eepeeit'5t'. MIPS is an acronym fer "ftt'ti||it:tns elf Inetruetiens Pet

Seeded‘, but I has etee Iteen celled e ‘Misleading Indieeler ef Pie-eesser

Speed‘. and etren ‘ttlleenitgleee Indleeter el Preeeeeer Speed‘.

‘there Is pethepe eeme Iuetltteetten fer these temte heeeuee Inetruetien tete

hes enhl s estsusl retstienshqn te I-IIPS rstngs. which are as-ztuslttr relative

thteughpttt meltiee en a eeele where the SISTIII 153 eeseer-teideredt MIPS.

Melntremee hette been deeigned. with e iEIEIEtJ'I-IZEI ei ittemel ttendwtclth. IIS

perlerrnenee, pre-eeeeaer speed, and scheduling pehilittr. ten achieve their

MIPS rettrtge en the weritteede eetled Lerge Systems Periermenee Hetiee

tLS F'FIs]. which hetre beeent-e 'l'|'EI undetsteed ever time. LSFFI Ialies are net‘

simply st meststtre et tetetttte preeesser speed. etren theugh they are etten

eeetgned st rnetri: celled MIPS.

The term MIPS hee eeueed memt peeele te eemeere Inetruetlen retee ef

'|.t'SI"iIJtJS preeeeeer ereltileetures as e wet; te eempere steruer eepeeitgr. Elul

heeeuee meIrt1'rerne MIPS retitge ere net reellgtr Inetrttetlen retee. thetr eermet

be used directly in 1i1ie rnenn er.

2.2.1 Senehtmertts

Trediti::neII3.r, Ieenehntettts itEt'tI'S played an imp-ertent tele in mtgretien end

teetttleed ptenning. It t.reu‘re gating te deptey new epplieetiene er pert exletlng

spptiestiens Ie s new e|st|erm.1,teu'|l went te ttnew ttewthe new system will

pertetm—tI'tie where Ieendtmert-ting eemee in.

Well-eetehlished ergenizetiens such es the Tnenseelie-n Pmceseing Pertetmenee

Ceuneit tTPt3} and the Standard Pertermenee Etrelustien Serpers1ien[SPEIS]

itS'tI'Et Ieng metntelned sete er eettermenee metrlls with whieh te etteluete the

many ptettemte that are eemrnert:ieII;.r etteilebtez Theee emit tzetiene ere en the
Web et:

tttt|t:.I'.n't-Mt-t.t|:-t: .et'g

htLu:.I'.t'w-e'n-:.|:Ie-:.erg

HI:-1.'I'vEI'.t'«EII'.1i"Iti‘SEI |JvEtI1t:I‘tt'I'tSI'itS ere t‘tt2I'[ 'trtiI'5r lJSS1|li. l|2II'11.'|.'«t2I i3tSS'I: I'EIEI5eEI-I‘tSI

I» At the time ef '|'.|'I'iIif1g, ISM hes net released eny tt-enehrnerttze fer Litut-: en the
:Se ries.

Ir Sent:i1'nerite by |'EifLIIS- tend to he artificial. and it serne eases misleading.

The seeend ee-mmenl may he eeneitlered e |:Iit centre-treretel. se let's dieeues

furtherwhst we mean by "artificial" and misleading".

11 |Jnu:«t en IBM tfflsertrt-:Setie3erteSI'3EI-3: ISF'.|tltSF' Setutiene



Heal lh reughput trrr a system is the result et many teeters. Preeesserdeeign anti

elect-t speed teellestitrehr referred te here as preeesser pewert. irrtemal bandwidth

fer rnerner5.I artrci Li-CI, and sehedulirtg el -werlr in ercler tr:i eIter:Ii.Ieig,r utilize atrailahle

reecurces [tic-he hp the eperetlng system] are the primary eeneicler-att'ens.

Therelere. system eapaeltyr can enlgr he elteetl-rehr eemparecl when al these
tectpre are taitert inte acceunt.

Figure 2-1 shares a graphical representatien et this cencept.

 
—er:ue-any --- hr:r.I.E-I‘-it-lr'.I'[ --- sure-st-up -- sane-tune;

"nae e-r HslatI'tres_'pst-ertt capaertjrmflaees

The misleetitg part cemes ‘lite play when we realize that same henehmarlrs tie

net test: at the ‘big picture‘ er the system. Fer instance the SPEtL:r:prr

l:tertr:hmert-r, true la its nertte. ts-euees almect e1.'e|ueirre|t,r en the prc-smear. In

ether wercls. it is pnhr teeiting at the vertical area at this graph. wh ieh represents

the precersspr |:-t:i'r-rer cut the engines in question. multiplied iil-'5' the number at

ertgtes in the spetern. as netect in the legencl.

But with this appreetzh. handwitzlh [wh ieh measuresthe data rate per preeesser

between the cache and rrtren1er1.r‘.I.arIc| scheduling [which represents precesspr

ulilizatten typical ten the particular strslernt. are tneth igrtered. What gene is a

biasing test CPU that is sitting idle? The stat-rest preeesser in the werltl can rip

nethitg just as I:|u icl-1i.r as the Iastest.

Se ifpreeessere. harich-rtclth. and scheclulerare eeuelhr stressed etrthe wcrirtead.

the relatwe capacity at the machines can he represented tt;.r the geemetric mean

at the parameters. This is sheath in Figure 2-2 en page 25-
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I‘ th-o wolliloao stilts aaooytisom bdonoo. than rohtioo oopaoityr also shits. Thus.
for GFLI-intarlaa anolronmanta whara iha p-arallol portion of tho worliia in aaianoa

{also lmaom aa ‘aliaa.-.rlaaa"}, Iha ralalioa aaalhg wl dwll away lran11h.a maan

towaro tho rnaoh-irlo-swilh moro mo tastor l3F‘lJs. Whoa oig1i“'Ioarll+:lola slro-so

[largo "worIi|n-g oat". miiiad ‘HI-|'I'I2|I2l«HI2I, largo uaaroourlta. olo.i or 5|-i-Ellll {data

oio1r'no.oar'ahlo uaaao ooltorna. 'apiir.'noaa" oaua'I1g workload 'mhaIanr.-ooi ‘a

orosonl "n lho 'I'I'CI|'I'|i|lil3l1. th-o rolatioo sooiig wil shit irlla-rorol rnachilos wili

I1iy1o+r iwlamal bandwi:tih par angina and hattor aahadullrlg.

Th-a raaul la Ihal lha ralaliira aapaalo al rnaahlnaa oil i.rar'_:.r algniilaalnly from

workload to wolttloacl Figura 2-2 on oaqa 25 Iluairalss lha Eiftaranaa hat-a-aon

tho rolotioo oaoaoiyr itdioalod or moot oommaroial lo-oriohrriarlcs {tho prooosaor

bars]: anda wait-:laau:I which has anaugjw tlala auaaa anu:|"ar 51-lE'|'I' Ia maura Illa

::aq1ai:ity'lo1oaJ1:|1t1a gaomalric: rnaan ul [J-I'lJi:BEEIJl', intamal hmdwijth, arid

ou:ho«:lulor. uoingtho data trorn Fuuro 2-1 on pago 23.

‘iiau nan aaa Ihaliha |EIl.i| maalfnaa ara mara balanaad ihan iha aihaia, and alaa

that tho E4390 oooo not taro wall with CPU-iitonss work. This follows i|'lli|.lii'l|'vBi5u‘

from iho ooriflioting oiawa otiarad h[.rI|1o ouroponarits and opponorits of lilo

maah'ria: aaalhg an Ilsa pmaaaaar haia hdiaalaa I1aI lha rmahin-a la fly‘, ahia

soalirig tarlio I:ra1+:lwioth bars iiolioatos that it is 'slow‘.

Thra aiiuatian la oormauriuzlad ayrtha taatthat moat paapla wall: will woilcataliana

or Pca, whara pro-caaaar ap-aad has a much higher laoaraga an talal cqaaciy la

do work. But booauso oonnors noodlo roooonnzl to mom oooro. ttioro is much

mara “oaniaxl aw'itohi1g' In Ihair oazalilaaaa than in mat of a PG. Thia maana Iha

lntamal hmdwidih and aahacluiog {tha aaaand and third I:-ara} bacarrua mara

orilioalloltrooopaoigiitodollrottaarldloooiqoioldyr.

Llndaroiood in lilo sonso. than. oyrstom oopaoityr is maawrod by Ina siza ijor.

gaamalriaally apaeiilng. Iha araa,'I atiha lrianglaa aaan in Flgura 2-1 on pa-;|a 23.

No longoraro you raotriotacl by aoinglo aopoot of tho SfS1li|v|ll'$ porformanoo.

I-4 LI'nI.o: on |Ea‘i'| -.'£Joor1.'or sssliao and oraoo: IWIASF S-oiI.ions
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Figure it-2 :5‘-esete-tn'etit.e-s-.eets.s.e1,s-is st.-seems

2.2.2 The ll-Dflttrrt |iI'IE

The hettern lite el this eliseussieh is Ihet the relative eseeelry el rneehines series

u.I'rIh werttlicied. This is must -tlrisrresliz when it eernes In the S.-BED. but dilterenees

else shew up between ‘er-iterp rise" and 'rhittrenge" UNI:-I servers. LJl'~lll-t erte HT

sertrers. eicler and newer sertrers. ete.

h is true that tlrihiln e meehine type I.'_tsrnit;.r}i, retetitreespeeire is etese tethe

reletiue preeesser speed. unless a tnetttsneelt ttetreleps. Etut this is net true fer

systems iirith ditterent srettlleetures. Theretere. hendtniisrtrs which ere relistnle

inclissters in es-Ittpsr'Ite litre rneettinee ssnnet he usstt te eerlteere stitfsrent

medtine types with the same eentidenee. Sines the i:it:iie-etitie is te melts the best

pessilele izleeisien when dteesing E sen-er fere gitren ttteritiuisd, it is inpertentte

ennsieler here the ehsreeterieties ef the -rierlrteeet match the design structure sncl

espehiitiss et the trerieus meehines.

Fer these reesens_ itis ihsessinle te sirrtpl;.I pesitien the esrieus servers in e list

hem largest te smallest. IEtt.t's large eerrrneietel sereere he-re mere rehust

seh ettuling enel higher internsl hentttriittth per preeesser then ether sertrere

etleirring thern te rnelnteilh high preeessing tetes In the lees et sttetir. es s result.

they will have higter espeeityr then their eemp-etitiizt-n en lT1fl|'|'|' reel wizirttleisitis.
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Te arttiess the issue sf vtetlr.tsar:l rjeperir1snee_lE!tvl has put reseurses in plane te

eras-iris sizirg. sapacitv analysts. and espeeitv plan ning assistance. lfveu need a

sisitg petfnnnesl, sent-est Teshline at [B.EtE.}-I126 E-E25. er fill eut e Ter::hIi|{press

lenn en the tellevrng Web site:

ht [.p:.I'.r'tt.!tlntil;e51-s'| -I:tT-rt- ti|1|!r.r:t:r11.-'.!t[.'ss.I'Lre-:h:rt|1ress-ns1.I'reqI,Est

2.3 Utillsatinn

15

L'I1ust en sSeries is really e|:reI.rt sleitg the werl-t el rnartv stndlet servers en ens

{era fevrl largerservers. This is t;.rpissliv ttene te gain astvarilagee in tetet nest. in

meet seenaries. the artveritege is realized trv redsetlene In the guevrih et

ll-nptsparse, psnrrer. pepple, netvretlt E:I.'.I'l'||t]-lEtIlI:rT.E1-El- It turns pul Itat server

eenselittatien is rrrest viable vihen there is serrre hettisiensv "It he sutrent

epe-teiien. This can eenie eheut in e varietv ef vravs. and he tvre tetel seat

ssenaties will he etrestlgr the same. Hen-ever. reluming tn the r:epa:'tt5r el"fer:ts en‘

server sensel idatien, vre etrserve the tellevritg.

rI:leerl;r_ we are net geitg ts be able te ehevr eensslttletien vlahititv it the

applisatien is CF‘ U-irrtensive eneu-gh tn men the SIHEIIII engines at er

disattvantage. Hevrever. this slees nettum put is be the biggest lever. Lliilisatien

sen have up ts e tentstrtl let there: leverage en relative ea|:iar:tt1.I_ This is heseuse

distrilaiite-i:l servers a re designed fer the individual peaits efthe varisus vreticipaeis

in euestien. The level er aepaeitv is an everstesign fer the sempesite peat: er the

v.'e-tltlr:ss.ttl. unless ell i-.rerlr.tear:ts peel: simu lteneeusly-_ which almost never

happens.

Funhermere. m vie hane seen. respense titre en serne servers and e-erirleatts

sen he very sensitive te utilisatien- when servers are inst-pensive, there is a

tentlenevte huv rnere when the respense tine stans ts greet, regardless net the

astusl Ieartl en the machine. In serne eases. this can happen at «till!-is er Eilrtie

utillseiien. resulting In niat'r_v nreettires 'rr'tih verv levr average utitizeiien.

Then there are sllthe ether servers vrhieh tensl te ge vrtth e preelustien system -

harstttips. test. rteveteprnent. and infrastructure servers such as rite. print, DNS.

sesutliv. evstent managers. and es en.

when all these are seeieri iegetherin e eetnpesite UtiI|Ieti:Il‘t picture. the

utilization can be quite levr. even at the peatts.

Unusr en IBM .j_:5Isnrr.r-r- zseties .errstEtI':tEtt:I |EF'.ih5F' Eetutiene



2.3.1 White space - unused capacity

$'|1cs utizsiisri is s rnsjsr isictcr "I1 ssscssing ihssflsci sicsnsciitlsiiisu. its

riss-ti is untiststsntl ii bsiist. ii'i'sslsc nssti tc I-zriciii its imrcrss. wtiith is Ihs ‘iiirhiis

spsas", ct mussci capacity ci a systam.

‘his start isiih dsirniiiccs. Thb E |:is:ticLls:iy irnpbrtsinib-scsusc uliizsiicn is

dsiinsci by haw as msssuts I. Al machinss ccntsin s ccuriisrltst is

iricrsmsnisd sysrycycls. This ccubtsr is ussd tc gsr‘-stats s nI1n'I‘Ic nstinn si

iirris aiitiii thc systsm. Ths hsrtlisarc ccmisr E but iiliiiisiy icng. but it is

typitaly rciisti cusr ints sscihisis ccuntsr iicpt i1 stsraigs list is suiiisisntiy Ishg

that as clsriit bars in scny sbsul it rclllii-|;i cyst. hicsi mac-i1'nss hairs sncihsr

ccuritst ishich iicrsmshis chiy cc cyciss ishsn Its prccsssct is busy {this

iriiciucias ahan "I is busy uisiiirig fsrmamcry an a cschs miss]. This ccuntsris

slsc siasntisd by ssih.-srs and this cacnt sf busy cyciss is Iispt it msmury.

Lliiizaiisn istisiinsti as itischsnbs in Its ‘busy cuunt‘ ciuiticti by Ihs chsngs in

ms tctsi "cycis ssml".

Shcs cirsiss cbstir sits ii:-ts-ti rats 'n tims. lic changs "II cycis taunt is a rnrsasurs

at s iiihs iitsriral. Thus. Its scihiisns ihst gsnsrstss uflizstisn data bpsrstcsby

psricciicaiiy chscithg Ihs changs in Ihs busy ccunl. Ths cycis cctrit in Ihs

tlsricrrihstcr is tic-tsrminsci hyhcili ciisc ihs scihlisirs is rm- This it tum is

csnirsiiacl by sisriing Ihs tiais gsiihsring cc-ds si rcgiiisr intsrirsis by tlispaiciinc

human Ihs changs iriths cycis cctlitai ritiicatss that an htsrsal hasccmpiatcti.

'n'iihsn it hits. ihs tisla wibcrsr rsscis bath csmtsrs. tlcss Ihs n:ihr"aicn. anti

sistss srcispisys ths tssuii ist ass is iccit ai.

Wiihs spacs is sirru:iIy tisliissci as i‘ — u'ii'iissb'un. Thus. uiiiisalicn is a statistic

which is aiaaysatauaags cr prsbabiity. This is ishyws rissti ts bs carslui whsn

iss isiit sbcui pssit and systags tlilizstich. Ths shcrtsriis iritsnrsi ussd is

gaibsr ihs utiiizatiari dais. Ihs mars Ihs uiilizsiicu riurhlzisr iccits Its sihsr cris cr

zsrc. 111's is bscauss iws gsttc Ihs ulinatsiy shcrt hlsnral cl ans cycis_1hs

madiits is sihst busy cr ii is nct. ii-icrscycr. Ihs shcnsrihs iitsnisi ussci tc

gslhsr uilisallcri dais. Ihs rncis i1'i|:iactths gsiihsrhg aftiala has an iI|‘i‘flI his ass

rnsasuii1c_ I1 ihsrncst EI2it1liEii'I'IEI cass, Ihsscitiiisrs Itat dcss Ihs -gEI1i'iBI'ing itssps

his last at tbs sysism hum ruiriinc sntlihs uiilissticn bcccmss 1i2i|Zi‘i-is. strsn

mctigh Ihs flttcuijiput has gcris tc Isis.

Eiscauss cl ihsss tscisIs.tIii|izaiisI1 5I'E|pi'lEi will lack spiiiisr whsn ths itisnrsl is

sh-cti. snti smcctbst iihcn it is icing. Bscauss it is sasisns scs Ihs iiihiis scsiss

an aria-clh-at graphs, and bananas Ihs in:-act cl miitsritg statistics an icngsr

intsniab has Iswsr impact an ths sy*acn1.1ii'siy]:«icsl|y|ccit st 1- is 15-ihiriuis

intsrirsis ishsn gatbsring statistics.

is this snccgti Scstiss Liizaiicn prciilss H1 Figcrs 243 an pags ss,imsa1 all

liay-s 5i2I'ii: wliiic spacs.

Eliscts-rs.sia'ng ET



 
Figuie E-3 Se.e'.c-is ur.'.'iaar.'cn c.fi..1n's H.-in see white space

U'[|'.'|I3I|.l5|5I. IHEI E‘-If-.|'El-[IE lI'[|||1-EIIEIIFI I5 HUI encugh. |J'EIC.El|JE'EI1hE| ICIEIEIHL D1 E-3-Eh

I.I.-nri-:|-:i.e::| is else :11 inierest. Cine one hand. we need tc- have en-zuugh -sap-ai:1t'g,r Ic-

herrzile ilie Desi-z- but ice‘-:| else like tc minimizstiie white space in crcierlc run

more efficiently In each ef lhese ceses. hD“'a ef 1|‘-e capacity gees unused.

when we build El csmpcs ite cf all 4 wsrl-Heads. we -gel the graph shown in

Figure 24:

 
FJ':_;ii.I:e 2' 4 L-'IIIieeii'cn after c.:Ie-scir'c'e:I'c-c- aisc see -.-Li"e're spece

EB Imus en |Ei'..I| cf-.~i-i-L--i-zfleiies en: E.-‘.1EI-:- IE.-'=‘.-REF‘ Seeluia-ans



Here tire see that the peait wertdeaei is abeut ED‘:-t at the tetal iriditridual

eeniigured capacity. II this pest: hetds up. are prebsbhi are net getting a large

Ietrertnam sense-Iidating. Heu.ret.rer. etten such peaks eesurheeauee et schedule-i:l

batdt teihdettrs is! data leads. rape-ts. best-sips. ate. which sen be prieriized er

rescheduled using Iehlte space In different perieds. thus snteethitg the curse and

reducing the peak.

The example at 3I2I+ serirers shetlrn in Figure 2-5 illustrates this ewe: the peatts

are identitied as database badtups that are all s-::he~u:iu|ed at the same line en the

distributed eelutien, but can be staggered te reduce the peaks en the

eenselidated rnaehite. In this example the distributed eelutien hasebeut 52%

white spat:-e. meaning that t.‘r'ttE.'t hat‘ rat the eeniigui-alien gees unused.

Sterne -:II this as-::I.Ia naturally, seen it the individual sy-stares are etfiI::ientIt,r

eenfigured. beeatee irtdhriduat sgrstems must be senligu red ter eaeh eiettdead's

pest-t: this is sttewn as the grey spade en the dnart. IZInl'_.' see. at the distributed

eerifiguratian is “heai:|rt:iem". esren t|'ta-ugh IEttI't:'s at the as-rr'pe-site is 1.-.i’tt'rte space.

This means that even ii3t2t':t-L headreern is maintained, the eentpssle sen be built

with Eu’?!-s less tetst eapesitgr.

15!-

11Ifl'lJH-.‘.'l.I't'I:|:t- 
H DE-DI1|]I — are uititt - nu.-.sTs'r III Dls-lttht.rtei:lIt'.tq:tet:ttI_t'

Hesevrue —ess i—Isun-.euIu—augLess
— an-rint.es

Ft'gr.tre E-5 b'st'rtg 't"irtr.Iat .5‘-ertretrs

In this particular ease. the sempesiie utilizatien is astuallti quite high ter a

distributed selutlen. it rnsntr ether cases. there is seen mere white space. Fer

at-tantple. Figure 243 an page 3-D she-we the eemp-esie at 14? servers in IEII.-'|'s

"un itrersal eeruer fan-n" run by IE 5 as part et their ti‘-‘ab-hestitg eperstien. Here.

the eernpesite |:|~E|Et]'i.5 at t3Et:.—|J'ii5 means there's ever eta-s white sparse in the

eenfiguretian.

-fltepter 2. Slang E9
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'|'irne

.F.igu.re 2'-e tttee senreis -eenseticietten canetctere

5fl|Jl'i3E5 Elf 'i'I'|"iiIE speee

Se where tie such large inefiieiencies it the depletrrnent sl eempuler petirereeene

treln? White stleee eemee lrern sis meit seureee:

Spltes
Hescireern

Fledundenstr

Freigirnentetien

Pertitienhg
Eitetrr

'l"I"Il"Il‘
Spi ices

“Epltes” it e werieeed result irern the variance el its demand let sen-'ir:e ever

time. II the derneriti is trerjgl 1.rer|el:I|e and Ihe teeth is high |:|t'i|:|{iij'. it is siillieult te

use the tthite s1:si:e.I:ei:euseIhe were that tilts the treughs must he etrerrlrztclen

by the high prierityr spiite.

This has setrerel implieetierts. First. tlriten tthite space is caused btr spieitess.

there must he s scheduler in please that can dispatch wertt sneer-ttiing ts priority

and teen alas guarantee that izlispatehed In:-1.I.I pi'ierit5.I week sann-st inapp reprtslely

held the reseu tees. Seeend. the presence et spiitiness intiieetes that the ennie:-tt

s'n'iIt:h 'rig Isetzrebilitr sit the mash 'I1e Izieeemes inpertent. Figure 2-? en page 31

shows the relative centettt atliitehing capability! at Linus: It',::rE."3Q|ZII and Linux for
Inlet.

Unutt an IBM .j_:5IserI.ri- zaeries .enttEtI':!EI-L‘: |EF'.|h5F' Seluti-she



Rapid ccatairt switching cf larga ccntazrt changas is a charactarisiic cf wcriticaci

miahg that cccurs whsn mark is adds-:i tc a s[.rsIsrn ic usa 1.Ii11ita space. Thus

S."3QEI harclalara clasign is partisulany wall-su itaci Is this am-ircrimanl. II is this

uhcsriirlng sh-arsri L2 cache and high rnsrncrir |¢|Efl‘id'i|JHT|'I psr prccssscr which

shahlas ihls. and by siasnsisn. ihs ability tc run ulrtual rnachi'iss.

 
sat prccsssss

|_inuJ-cilntal

High Msh'crp Entlwirith alcws fast I.'.i:It1'iEiH.'t swiiciirig which shstiss virtual rraci1ir1ss

Faglumé-T I3'i:hI1tEa:i' .'3'h'i'.|h':i'r F'rc1'i.|is

Hsarirccm

|'|.|'|EIi'i[:'I:|iE1I'i|:}l.ltI?it1| sI_.-sisrns experience an 'maisratihg ramp" in rsspcnsctirns as

the Icsd crcws. Untlcr light lcad. thcu cshiaii uaru cccd-Ic-cccallant rsspcnsa

time, but Ihis tancistc sip as icacl is app-Iiaci. Usars cftan usa pancaisr-sizl raapansa

rims lnslcaci ci uillizaiicn tc uncicrstanizl hcw hsauihl icaclcci a sgislcm Is. In scrna

aszrrirlcads, lha lass sf parfc-rrasnca c-csurs at Elli?-‘u c-r lass utilizaiicn. This maans

that acciiiicrial capacity is crcugirt cnlins at ralatilraly lcw ulilizaiicn.

Hsfcrtc Figure 2-5 ca page 32 icran -arrarrpla cfth is ssrimpt. I1 Ihis graph. ihs

25!] MHz 32-».-ray machlns achrairaci 25'!-in laslsrturnarcund than an S-'39:] E4 2}’.

1U-was susrnlax cn Ihis grcurl ct batch icbs. arnplcuing EU?-E» mcra prccssscrs at

law utilizatica. Hcurauar, as Ihs lcaci was c-cutrlsci and thsntriplsu, this aciusntaga
was ncl maintsu'nac|-

-fliaptsr 1 Sizhg E-‘I
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Lnelfl

l-'.-yula Ev-5| An -Sal-S a-drld'aad'-m,aaau'I'y ::u.r».-a

Fledunda nay

Many cliatrila-utad adlutiana adntain radundant ayatama aa hatlruaafar H'l.I'E|i|El|3ifl}".

taal da1.ralI:I1:-rnant. inlagalian. ata. Thaaa a;-:l:m nan-pr-2-Izluatian ayatama add

aapaaityr but are aamatimaa nut uaad al all. in hava vary law utiIiza1lan.uI paalt i1

ulilizatidn al diiiarant Iinaa than tha pradualian systems-

Fragrnantatlan
tllarlildada gi'fl'l.T as a aantnuum. wharaaa capacity la adnzlaal it dimrata

nuantillaa. la a raaull. 'i'hfll"ifl‘u'&FT|"|i|'& ia anaugh capacity nanligurad. lhara is

aarnra amount at uhila auaaa iuat laaaad an the diiiaranaa Iaatwaan iha riuantum

atap and ma acnliiudua grawlh "I1 tha -uuarlilaad. Wltan Iha aalulidn ia diatri:-utad.

the quanta are often whale a-_.-alama. ar Iha aapa-::il'5i is a aal af i'H:Iiu'i::|ua|

auh-'-udrltluada. aaflil I::antinLIuLIa|§.I gruuiring and having ila damanda mat by ita

a-an quantum atapa ii aapaaiigi. This raaulla "I1 fragmarlatian attha raaulling

u.-hlta Sp-afla. Ely anrnhinlng tha laada anly ana quantum al warlilaad ia unly

parlialnr illad, inaiaad at aauaral.

Partllianlng tar intagrity and laalatlan
Edmalimaa lha uaar will craata many arnall ayalama ad Ihal afailura will anhi

impact a small aubaal at uaaaia: Ihla la Icnawn aa panitianlna tltlarli la alaa

partitinnad, i1 aralar ta cm-ata iaalatiun and praar-anl intariaranca. F'na||5.I,

parlilianing la dftan uaacl in plaaa at pridritiaatlan. ad that aaah sub-warlilaad gala

tha lull atlanlian al lha maahina upan whlah it is. run.
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The and result statpstthsse astisns is white spess. Partitisning ass tsadste

the replisstlen at date, sften requiring ett—shit‘t ttatsh updates which sen dritre

titghsrpeeha fish the daily snt'ne wsrlrtsad_ This leads ts rt-hie mm suts:'t:le
the hatch wirtlew.

Site’-tr

'I't'hen rnultipte pre-sessers erstrstsrrts are wsrtting in pardie|.the=; are alrtsst

rtetrer itept unliermhr trusg.r. ittnstt ettsn is expended in hstarrshg wsrttlead. but "It

the and eerie t:I-I'1i‘t-E 1-srtetts rnstherls Ier u:IEti1§',i se welt: eettestltr. The resul is

that rthis spase emerges en seine rnasit'rtss. when stttsrsare heavily leaded.

Regardless at the seurse. white spase represents wasted sstrtpute psrrer.

Ear-tar senseltslattsh is a rnesns twr iuhlsh ts remstre asrhe stthe waste and run

rners stiisisnthr.

2.4 Example sizing - analysis at sempsny ITZ

itisw that rnsst st the theerir Isr sizing has been dissussed. tsI's tdrea test: at

sizirg a 5I"ren senlistlstitst.

Tttis is the setup we itherit at the Iistiistrs setrtparw it't"E.

]h.Ittie2'-1‘ Setspt‘:s'sss'rt.sa.s].rJt"r'.'-1'

Terr-e"""'e"="

semester“j

in

$2
sews-see
 
Hste:Betsrewegs’lt1rett§heat:h stthssterristrtss1stzlh§t.Iree:|:ii1rnhdtt'iat

rnahg.rstI'te sstsutatisnssreh-see sursizihg snare ssntidentlelshstsannsths

explisittr written est. There are setreret reaeens ter this, the meat 'rmertar1t|:Ie'rs_;t

itre sis nst want ts set a ‘staht:hrd"tsr her: Is size. tttlhsugh this trrsp sserh

ss-t..trtteri'|ILI't1'1.re, when she ssnsitters new ma1].rs-striatisrrs there sent his in

hardware ins-tiseitst stir setup is tsirly small and hentegsneeus. whiett will net

slwaI_.-s he the sasei, sstheere. and wsrtitsed. ens ssh see -.rt'tI_.- we sarinst

sndsrss a psneri: tsntttla with same senstants and a few ttarialiiss. Shes sash

siuatlen is different. sash sizitg rril hswe te t.rer'_t.r aesersitglii. The intenthsre is

ts Iustrste the prinslpta. and nstthe spesiils lrrq:tierhsritatisn_
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Jil-

t.‘:Pa

The enghee et a system ere ehlreye eeneitlereel ite erirnertr etlril:rtIte—etnen in the

trarrlttlenel rnelntrarne emrlrenrnenl [where elrraltarale en the preeeaaer la net are

heater as it is it the Ft: erencl]. eenereinrgly. meet an‘ etrr elterte will he
eeneerttretetl here.

The theenr ta deceptively einple: treu meeaure haw nteelt lead is en the current

ay-atern {in eflter uezrrlzie, haw heatrity Ltlfliaed it is}. lhen tranaiate th'E number "rite

e afleriea eq uitrelenl 't|'iE| e '-'-erltle-eel teeter {l|'lI'LFl.er1tt lhet‘e that. The terrnule

which rep:-reeente thle eeleuhrtlnn tar.

HIPS needed - ittttllizatlen ' Elrrrtatt Eepatity * l-IILF

flaking eemperieeee

he mentienaei pretrieuahr, architectural ditiereneea betrnaen preeeeaer trairriiea

melte eemperiaene tretween there very tzltttirzutt. The eledt apeetl eernpelili-en

tretween ehip menuteeturere hae eeaeeleteel re-eeetlyt end this eurrpe-tlian helpe

undereeere the nelnt. whet rnei-tee it even mere rernertmhle le Ire] eerne ettheee

eh-ipa share the same arehileeture. He-er much harder it is, than, ten erzlnpare

preeeeeere trem eernpletely tlttlerenl erehiteeturee.

II-F'|.|5uIl'r

-:e.Iau.- i _
-new

 

Etthere

CF!-Em:
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F.iyr.I.ra 2-5| t3'FL|-.tnteree rr.-eel: r'te_»pJ ea. data-intense nerirfheteelnj
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This is eepeeiely prehterrretie ferthe SHED and I-Series preeeeeere. since they

are much better -Eld-HIE-it'|tEt‘t=5i'|r-E yrertdeede eueh ee deleheeee. Bueineee

hlelligerreenfln-Li1eTrer1eeeli:n Pmeeeelrrg, end "ee::Ire-It|Ier"epplteeliehe Iheh

they are at CPL!-irleneiye teehe eueh ee herH:hInert:;e end gre|:r-tee re-nclerirhg

feee Errerrtule 2-9}.

hletrenheleee. that is Iheteeh helere us new. Lette exernire eenzh eempeh-em el

the equetitrn eepeiflely.

Utfflfe-rl

Deterrnininrg Lfllzetien is the meet etneightferererd element- 5i1t:e rurnirle Litux

Littler ‘flat rneene eeneeliztetirg etieerete, urezlerutilzetzl eeryere. it ie irrrperlertl te

find em the eurrent ueege. There are e yertely ef teele ter the Jeh, etependlng en

the plalinnh yeu'ne elarlhg nut en [HI:I|'IE.'I'| By.-etemrrerlte fer 'I'n|'I1deers.eeI'e=er.e, fer

inetenee}. The key hereiete heye eduretien thetie ten-g eneuyt Iegiye e

reelette eyerege mllxetlen, end he ttlenllty -ehetite pen}: the dterentertettee ere,

ee e1q:I|eirre=:I it he preyieue eeetien.

Flememherthet the mere ereeurate the reeetng. the better eff ye-ur eiting wi he.

Gunenr eerreetfy

Deterrnlnln-g etrrrerrteepeetty eheultt he felrty elmple. es ‘eel. 'tI't|'het ere are

referring te here leite TPCH2 henehrnertr “treneeetten per rnirtte‘ {tern}

rrurrrleere fereeeh rneeh'ne eethey ereeentigurett. fltnrieuely. the way these

rrurrrher.e refleet reeity -rrtll yeryeerrreymet tlepehellrrg en the eertuteed. but they

are qeed etefljng pehle.

I‘ yeur rrerhleeel ie ueuel it eerne Irrey. yet: are eleeyetreete eempile yeureem

date end eeme Lu: Irrlh en uhettteiel tprh I'I|.tI'I'I:t-Ell‘. er eyen “threat” the efftetel

hurnhere ee they are mere repreeerrteltye cut your etIue1ten_ Just be eruene cut the
rifle ityehree eheuld theee rerntbere beetf.

Ilterlrfeedfeerer

The ehelenge he-re "re te fetct eeenyereien feeterte take ue freer eur uliizect tprn

reritg re the trerittenel ereee MIPS |'fl'H"lfl.
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Mush easier eaitl than done, oi eoureo; Ihe pitfallseie rnengr. Hooreeou: oro'Ii11l

our olisolmen to ihe two prinsnr issues:

I» Ueegea iIrorl«LIoon:l—I.’:naru:eee|=e1.rou‘re unison’-elirtiro-dofeeelngflihbggrrl-our.

buiiheieotrernehs 1het'_rou mostoonoinierihe spolioefionenuwoutihelis

I:e'I1EI Pflfled. in orderto size i properly. The is not isle speoulstion we're

engsghg In. I1 terrnso11pme,I1e re|e:I|-so-oepeoil1refe SEED englneesn vary

from around 2!} l]:II'I'I.I'M|P5 In CF"U-hBEhI'_|I' IJfl‘I¢h‘I‘IHI'Ii£ 1-D well over Efli}

lpI'l'I.I'|'I.l|F‘S1vI:H' Semlos Inoriolosos.

p ‘Eieneration Gap“ - A’: use lime oi uniting, floors are ihroe generations o1 IBM

efisnrsr :5on'ss poooessols we see lookimst mrI1'I1g Lhus moor. lbs (-15.

EB. snol IEHEID env§i1res.I'~lee:||ess to se1r.tnere ere nuneroes eilerenees

boorroen ihom. For heleloeo, he IEEE floethg point hetruotlone ere

inplsnrsriteol "I1 rrioioeods inihs G5 I:h'|Js. hetero oionsuis oolusloireuinr ii

the E5 processors. ‘me resuling perfomunse hesesse is somewhere In Ins

neighborhood o1 an ordorofrnag1|Iudo. Thoroliore, mo srooo or zserlos

proo-%rs1_rou'l| he rniuslilgio is also an imperlsni oonsinlersiion.

Memory

Aise i«;no=rm as storage 1o1he tadiionsl msinfrsoneiolos. tho Ifleries rneehhes
ueotedo1i'iieadru11egenheI1Ieomeetoniemor5r.Genipereetolto hielsnd

Uhllli oomlorpens, lhe zsories memory en:l'iI'teo1LIe is much more rnature and
eifisient.

I.'Jonsi:|er Figure 2-1»: on pege3i".‘1'i:e oenseeloe large hresios lnhe l:+srn:II.I.ri:|I'i

aloe L1oi1dfl1ou11heL2osohes|:oosIeexoeededh3r1heen-ouotonsuteiohs

rno1.re+:I. Illonsertiig lhese resI.IIsio1|:Im.I'I'nllF'S yielozls lhe resuits shown in

Fbgwe 2-11 on page 3?. Thuswe eon surmise Ihettie '|I|:I|"I'I'H|P3 grows urii1

working setsize, Iohioh oiriues osohrs misses end ohsssi1gt|1o 'IrIemoIl|:rsnd'oiI:i1h
shown here.

Heferte3.3, ‘|'ileIner1.rlopolo-gr'on page 55 for a moesizieleileelsnetrsieef this

topic.
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DAED, ehennele end neterenr hendnidth

I.|"Cr is heenrilgf -I:|qJ4enI:|eI1t en eq:Ip|'r::a11'en -::I'Iara-::teI'|etiI.".e_ The eiualiclrr en the

eeuree pletferrn een he eeeeeeed ueirg teeh like Hetherleh. but e pertirg

dleelpllne hee net reelgr been deeeleped fer theee teetere 1.-et. Fleferte 3.2. ‘Diet

tr:IpnII:Ig3.I" eh page 415 Ind 3.4, "Meter-:1-rt-1 tepdln-my“ en page Eat fer e d|e::ueeier1 nl

hewtheee epetenre I.Irer‘n:.

2.5 Ceneluding remerlce

In gene:eJ.weere|eek'n1ee1 erenee er eemeeepm per MIFE er rehfive

eeperzihr. Date-intenee 1.Irerh;Ieer:|e fell at the him end ef this range. while

CPU-hednd Ir.rertdeeu:Ietel at the law end. The lprn per MIPS elee een ge up

elmet eee. between an efieriee mpreceeeer eeluden end e IE-1.I.ray eelufien.

The ert el eizing ie in rrl-eeeurin-Q the utiizetien preperhr. end et1eeei1g e WLFte
use.

The TF4: pelieiee de neleleer Fer the p-uhlleeflen el uneffielel TFC4: reeule er

eetinetee. end IEIH euppertetlie pulley. He ehgle henehmerk can ar.:eureteI;.r

repre-eenrthe way a eyetem erl perlenn in e epeeifie euetemeren1rierIner1l. IBM

ehiirgteerne uee rnuI'q:Ie eeureee eIhlermeden,i1ehni1g eenlidenrnl eellrneiee

et henchrnerk reeulete -:IeiIrer the heel prepeeel peeeirle ler at given eiuetien.

ifl LI'nI.n: en IEM -.'£Jeer1.'er efireltene end ereee: IWIASF S-eltiene



[H11-ID

Faeier.I'II:Ftl 
-"F-a-.-1:1. ""'lJ-uerlii -------sate —;s-ulna

Fiigiura 2-1? ti.'!a,eau:1'I'}r F'n:u.I'i'le- a mare easeplle-re trials-

In Figure 2-12. 'g.reu can see lhal beer. I: is stranger en cache and intental

liaridelielfh. ‘reulll else neiiae that hath belies hand B are weal: in 'paIelaI her

{fer -aatarrigla. highly i-itegiatad traneaatien systems whirsh requires signllleant

sharing and eynehranlzatian 1-.ri'ii::if esnnizll be hunted by radmdaney] and strung

in ‘parallel nlrirana" feihere the serial pertlen ef the eiresutien is small]. The

zfierles is ahead til the rest it parallel hell but wealt in parallel nlrirana.

partieulaflyl itlha -uirerlu: is CPU-lzieund. Eiei-t A is a re|aIi'u'e|g.I small machine when

leel-red atthis eat,-.

2.5.1 Tetal Cast ef t'JwnersI1ip {TCUJ

New that I.I.Ie’i.re esfahliehed have re quantify relati-re aapaaityl. we need Ie

understand hew te eernpare eesls |:I-efereen servers. It is net eneugh 1-e tally

prieeiperferrnanee. but rather it is necessary In understand lhe telal east

asseeiated with eaeh serirer type. The reasen fer this is that in raw eaeaeity. 1.!-eu

can always put ta-gethereneugh small rnaehites with law prides ta sheet a better

price and cxapaeitzr aeluantagefer a distributed selulian. Threrefere. simelir belting

at $ per tprn as suggested |.'.l'§.I' the punished TPE-E t!-err-elimarlt results will be

misl-eaditg, even I the tpml'1'I.:'||F'S i§ert;:urrWl]:Im|3 fer that matter] is atiusted te
eeeeunt fer different architectures-
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This is hscaiiss ciiflsrsncss in ssrirsr sicchitsciurss snci irnplsmcniaiicn gc

hsycncl cspsicinr. Etrsii it-:'r.i:a'c s ismi|'_:.r cf ssnrsis. iflisicnccs hsiwcsii ciiistsis

and a large madfncs appflsir. Thasc '|.I'H|'iEi:i|i-E5: ciricc citarsncss it a |ni'EJ'iE|l].I' ct

rhcn—sicqiisiiici1 cc-sts. such as flIiIil'.!L|!IH'|I$'_|',|'|E'I1.'|i|i|I:|vl'ii sng1ssti'ig. cpsrsiicns

{psccis}, snci cutags casts. Tlicrcicrc, tc unclsistsnci which ssnrsr tips shculcl

bs clspicirsd. it is nccssssnric Incl: st iiic Tctsl Gcsici flwnsrshin WED! cf

ccflllsiirbg scluiicns.

Hi2I'i'I'~EIiiEil'. siisn this is nci Ei siiucicrnattsrci‘ srciciig l.|I|- iirsl-ltnciirri snrsrsigs

Iisliisctc-gcts“t5r|:iicar rcs:uI_Thc|:iici:iici1iisii1stI1crc isslccnrisrgsiisrhicc

in sadi -:IHhs irsrishlss inirclirscl. Thsrs airs usually uniqus and sigiiicsnt tncst

isictcrs which can cnlir ins iisiscl sis 'ct|1sr ccsis" ii snj.rci1s-sizs-liis-silrnstiiciicf

ccnuziulirig ihc Tilt). Hsnring ssicl 'I'ifl‘I, Ins tcilccrhg Is an srtsmpt lc Itiliitl s Tt‘.:tIi
rrinizlsl which lis rricst siti.iEi1l'iJn.s_

Ths Tutsi Gust ccrrpcnsnts

Hsrs is an cutiis cilis ccrn|:Icnsnls ct Tctsl Gcst-.

1. Tliic

s_ Hciirlsrhlc future

in. Hcvr cfisncus Lpgadcs

c. Hcvrnisnyupgladcsicpsinfltudyl
2. Hscdiusrc

ti. Frics

|:i. [iisccunt

c. iiisiriicrisncs

ti. Financing

s. U'i'IBHE,tl.[iflF}i|1'5|'fi1EfH.iJI[i&|1fIB¢iHiDHi343-=51
I- Hcdc Gcirit

Q. HEil.1ItC0l.I‘iT
3. Ecitinnsrc

a. nice

i. Psrssai

ii. Pcrt:PU

iii. Psi I_IniI ci I351]-aI:|I5r
iii. Psrflcii

‘ii. C|i‘ivEIiIii'i‘iEviZIH|II2i-I'I'|1'ii1.I'I_i|:.‘H‘iEE Fsc

1.-i- that per Flavcl-:.:['I1dudss pizi-war cc-nns-ciii:In:|
|:i. Msiriisiiaricc

4. Dccq:-mcir

s. E-urdan psr St} II. :[FlsnI. Iscilias, Iigits,I1ssi, ccciing. sI::.i
I. Frsnt

ii. Fsciilics

iii. Lighting

iii. Hsstificciirig
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2.5.2 Samairada-afia

Wiil aiai1u.I|'Irara ia a1un=:HarrIrarIta|I:laaiaian ta ha rruada up1r=:I1I:::|ayau lqagratla.

raplaaa. aradd la 111a a1-:iat|ng lnfraainaatura? Eaah af mam patha Iaada ta a
tlffa-rant aal al taadaafla ‘I1 TED.

Fa: amarnpla. a auatamar may na-ad ta daubla iaamaailyr. Irma ausiamar

daaiiaa la |.|II~QI‘EIdEI axiafing haxaa. 1hia ialypiaall-_.I dana by adcing ptaaaaaara,

rnarnanr and la} ta aaah baa In his caaa. mrarlaa aaaa ara arm! and naaand:

anQ1aan'ng aaata ara amall ta larga, clap-arvdhg aniha alhaliiarnatwarh

aannaaiiana ara addadia tha axiatiwg l:~a:aa.SlafI'I1g-:=a|1 ramaiw fla], p-awaria up

raarglrnalgr. and flaaraaaaa anhr aaaa up I rautara ara acklacl Hm!’-a1rar. Ihara is

ma rialalhat a::=aIabiI1.r angirraafng aaata aaaur. itha appiaatiana raauzh iflamal

aaallng lhita an Iha uagradaal ayralama.

Mtamafivahr. aqlpaaa 1i1a auatamal daaidaa In raplaca hanirrara- Maw 1i1aIa ara

dapraaialian aaata anI:h:lap|aq.rrnar|t aaata Ia aanaizlat. Halwarlc. aiaflfapa-raliana.

and 1'|a-arapauaa aaala ma-_.r |:+atarIflal3r an dawn. Iautana la atlll faaad -arlh Iha aama

Ellfllflhilif mgirraarhq iaaLIaa Ijrruara walk par 'IIatanrI:a}.

Finalir. |a1‘a aaauna lhatilaa auaiamar daaiclaaia add hardwana. In his aaaa.

fla-arapaaa. paaplnfaparaiiana. natmflt and alhara-aaiaga up. trul aa.a1a|::Iiit;.r

mgtnaaflng iaauaa ara cilarant {far axarnplahaw parallal la 111a warklaad, haw

uaad ia I1a laacl IJfl|EI'lEi'Ifl. and haw ga-ad ia lha data parlilianinrgfl. Haw.

aaluming wa ara an-uhllng iha haxaa ta dauhla Ina aaq:+aarI1u'.l11|at1.rpiaaIj.r maanna

mat ulilzafian an ma naw baaaa la Iaararlhan an Iha axlailng haxaa. Altarnailaalgr.

ara can ahaaa ta aalrzl fawar. but Iargarbaxaa. in wlich aaaaila aaalalzriljr

anglnaarlng raquiramanta wauhzl haluda t1-am lha largar Inalanaa and mara

lruatanaaa farma a1 .aaafl1g_ In Ihia aaaa Ihara la itlla at an dapaadalizarn, but Ihana

may ha aama au'ar1a|:I an-at.

anatliarfunrhlwaflal daalaian la Iha ahalaa al uagrada 1;|raI1u|ar|t'_u'.wI'u|d': Ia haar

fraquantrgr wll capacity ha atllilatl, ar in anal haaamanta.

2.5.3 Fi1aI ramhaar

Wahra aialad aavaral tinaa i1 mia ahapiar Ihal aizhg la an ‘rap-anant hui dr|'1'iaul

ptaaaaa. Inaura1:patiarIaa,a1.rani|1.rau araraia aanaull aiairla aaparta an 111a haat

maflwa-dala-gy [aapaaiallyriar Llnmc an tha zfiariaa and SEED}, d1anaaa ara ihat

5a:Iu'd and up -a1'1i1 as many malhaala (and raaula} aa flla-ra Ia-ara aaparta.

ha a mafia: af East. a Gsanrrar Haaaarah Ha1a[F-13-?3?fl}raIaa:aad i'I Juana EIZHZI1
alalaa:
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There is nu easy lay of 1rI1t1a1ly sizing hvuu Ialur HIPS an 5I'.1'EII2|I +11" I5|}T1E5

u1I1 ram11'a tn Imdle prujectad Mada, aeapaclally Irlth the I.Iar].'1I1g Sjrilifl

utlllzathm uf ii large nultrer af 5-err.-er-3..

However, wrlhiha prupar ptapamilun and an mdaratafllrrg uflha topic, at gnu-d

sirng cm hadnna. This mqiardmukl sauna. as a quid: ta mat mdarslandhg,

aawellamabfidgammswrnasmatwil|'hah1p'4:ual:I1g1i1iap1'4:4:m.Itnuar,rh-H

halafulta raI‘araga'I1 1u:+2.2.E,'111a hutlum ||na" on page 25. Write naihm ainpla

ramiralgirlfarv-an:1,tI:ia Is an imp=:+rIan1 plume of any rrigrafiun pauiact which

+:anrI-n1 sinplrh-B iymraazl.

fI1autar2.$i:'-mg I-3
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Virtual server architecture

I": lie chapter we dlenues asp-eats el runni1g many "1r|rtual" ae-were en a Eilflfi

rnelnfreme We do mleduheethe nlrsterhg at I.rh1uaJ eanrere, hut |n.ateau:I

erarnitethe issuer i'Fu'l:r|'u|'lE!rE| i1 etrumlritg a largeenlleefien at sewers lur

rraragealaihy and efflelerrcy. Al the ern:|eI he chapter, -rreefler

rennnunentlelhrre based on eurteellng

The chapter irtn:-clucae concepts but are expanded upen h later ::hapIana_

fiI1:&:|:I,.ITt9‘ItEI.I+:=u:IrIn3I:I-:11 45



3.1 Why an architecture la required

In hrge. eieaate eerearerwirunrnerula [and even in eeme anallereneei. there

we a number eirnanagement and npeiatinnal leeue-ete |:I~e1'aeed.Theee itelntler

Seaialellilgr Haw te aliew [er itereaalngeapaehyr in the enuir-nrI'nenI

Ilanegemern Hew te euntrel, eehfigure and rneru'ter Ihe ewinrunett
Ererrtli How te add nerr aertreretnthe ElT|ri'iJrIllE|l11

The p-ahgulh ealnrnr preutclea aniutiena te anme at these laeuee, which ene

reaaen. erlnrthe eencept ieatlractii-Let I-Inrretrer. iihe ahuctlre at the em'Innment

is net plarinad in adiranee. the benaiita at the aelutiena provided tnrthe penguin

eeiemr are reclined-

Ehr daeigritg the penguin ealernr aeeerdhg In a eat arr;-hiIeeture{wI1at we relerle

as a" rittialeerirer arr:h'rteu::lure"}. you can huiidthe ernlirenrnerit an that issues of

eealahllihr end rnenagernent are ad-dreeeed. and an that I beeemee easy to

create new eervere inrlhe eneiehmenl when required.

3.1.! Gempenente at the virtual eerirer arehiteehire

Here we i1Iredui:eIhe eempenenle nIfl1eu|rtualearaeramhitac1L|a,ahddlaaLne

altentathrea tertheir imienineritatiun. The een1:I-anente that rnuattie eeriaidered in
ma archlenzture are:

e Eiiflt tepelegf - eea 3.2, ‘Dee lnpaln-gy"

e II.lenIeI1r tepebgy — see 3.3. 'Ii1ern+:Ir{.r landing’ on page 55

e litalwnrhtepeiegyr — see 3.4. "MeIwnr|r tanning‘ en page 64

at he and at Ihla ehaptar, we nitar raeernmahdallena haaed an the teatlhg ere

p-erlnnned. Heine!-Fer, dilerent appreaehee may suit your em-‘rnrlneltl better than

the ehdieea we made In em teetlhg. The puipdee ei Ihie dtenter la te preaent a

iimuaainh at the iaauea, are that '_.rnu ean deelde an an El'flhflEI:‘:I|.I'B: Iehheh ‘|I|EiI't{5

fer1.reuritatalati::r1:i1 the language at Internet netragnqie, ‘I’!-I'I"i|"»."".

3.2 Eilak tepelegy

This aaeilen dlantneaaetrie wayeihat dlair. ean be allocated to Lhui: imagea In a

penguin eeinnr.

' 'I'i:I.irl.lIeege'I'i'I "raI'|.I. rrieeltirlg etlireeperilriele etleirr-netderta'II|1.I dler irem eurs.
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3.2.1 The DASD drivsr

L'I1us sisl: slqapsrl is pm-ridad i}jT'l|'|rEI DASD cI"nrar sssia. dassis. ii prsvidas

supp-srt liar Gsuril—|*{a1.r—E|aia {GED} and Fisad Elssii Addrasrs {FHA}-+:isl~r dssisss.
as wall as ‘flu! minicislss.

I1 Iha Lima hsialaiisn s1.rstsrrIs.1ha EIIAED siivaris prsvida-:1 as a rnssiils. This

is Isasauss lhs disk ssnliguraiisn is asi iinswn, and is dstsrrninsd as parl ai l1s

irtstalailan- Ths lastslss s-gsisrn has I‘!!! DEED ss-da |;ILI'it ii in lhrirliarnal, and

pararnatsrsts ihs [MED drissr ara parsssd as part sf iha Iramal paramslar liia.

Tha IZIASD drlirsr usas diannsi iii} Is psrisnn raad and warns spsrslisns. Fsr ‘UM

ITI'I1'I.'I|siis ushs Ihs sas FIESEFNE fsnnsi, WI Dlaghsss Iii) can Isa used is

pnzarizia bsilarparisrrrianss. Iilsra daiail an this can I:-s I-suns in 3-10.1. “iiiui

lliagiass l.«'EI" sn pass 163.

3.2.2 LiIl.II instsnsas with dadisaisad dial:

The usual rna-iiss-d sf iistslirig I_i'Il.l}i is is dasisars disi-I 'n'I:IIiii'Ii~EIE’[+:i sash

|n:stansa_ In diis ssansris, assry Lhua hsransa has is s-an disir sslumss Ihat ns

sihar i1sia.nsa has plrysisal assass is. and sash iisianss is i1sia||a-d ‘I1 ths sams

|.|.|'i[|T.

This is nat a sary slflsianl lastaiiailsn rnsinadisra p-aaguln s‘::i'.IidI‘Ijr, asihara uni

ls-a a Iarga arnsunt -si radlsndant data H'EI1II’i i1 sash instanss—mud1 sf which wil

ha Ilia Li'Ii.|]{ instsIaIinn'rIssii_Sa1’I-rrara rrianauarnani in Ihls ssanaris is 'ri1snsi'ira.

lsssauss sad‘: Lhua lnstsnss rnslntajas its awn sspy sf all spplisstians, irsm

Lmsr-Iairal ssihsara rigs dswnis iha iisrnrsi.

alas. ha-sausaihsrs issurrsnllir as was is parliisn Dafifls al this Linus. Isssl.

mars is ssrjr Iitlls grsnuiarit.r in thus psssllsls IZIAED alssadsn -[hs1.IiaI.rar. thus

ssnsnand fdasd wil ha ssmirg is iha Linus isr 25an‘as and 54390 :h'sirihuiisrI-s]-

This prshlsm san Ins addrssss-si in has ways:

-- in dis Liam: is-sal, you can usa Liml is stasis uirlual iralumas Iris] may span

mulisla phrsisal D.aEEis [at I1a aspsrrss sf a lsngar sad-s paii isiha ast-ual

dish}.

Ir Uins '|.I"H. r'I'i'I1iI:His |2Ir¢I1r|I:Ia a sslutisn |:r-Jr i:i1a'I:H'|g a plnrslsal 'I.I'I!.“.I|lI‘I'IIiI 'I‘I-MI

rnulipla 'i|'i1ua.I risks at Ihs "|'|'I.l lasal.

Eiihsrsithssa spiisris alsws tha aquiiralanl st partiiisniig.

Einanlar s 'i"|r|J.I-Bi ssmraxdillsnsilsa II-T



 

The ten etit el this sppreaeh is its iseisiien. in seme srwirenments. the a|:Iifl‘_y|' te

ereste Lin us instances that are eei'r'.r'ei'}' separateirem es-sh ether is tren-

sllra-::titre. and we rth the management and -defin itisn etrertteaizl. By keeping s4.rer5.r

dtsii sspsrets trsrti ell sltsrs. sdmitistretsrs are free te trsatihs instense iust its

the; weuid a discrete senrer: their can instaii their eirin settware. maintain the‘:

slim i:entigurst'H:H1.snr:l run thsirewn sertrisss.

Hetrstrsr. in spite sit the sperstisnsii iseisttien st this approach. you can still use

'iHi|'| eeneeets te iherese management eirera discrete serirer appreeeh. Preiiiding

dissrsler renzretrergr tste|'|ilie-s in this seensirie might he as simple as terititg ee-pies el

the ntinirflisiss aiieeeted is Lin iet meish'nes. endheniltitg them up. Fissierstien el e

isited system '|'p.‘.1uit:| then be a matter st resiering the disi: i-nages and heetitg up.

This approach eeuld else he ts]-ten I.-riih mstssiir-is Izlsrlst less, sis Figure 3-1
ilustrstes.

Figtrrs 3-1 3-.i'r¢J1'r't5ee' fuii-irettmrs nst:et.-agr seeesrie

41-3

in this example. a uti'rt'_i.r such as ‘iiiit IJEIF-i is used te replace the entire disi:

image. Dene sinptisrinstir, es she-en. this sepreeeh is nen-ssiesths tie. it dess

net preside a means et retrierring pertiens et the his system}. se it is s msthe-d

thst wsuid suit the resevergr ei sire‘:-.9 Iiie systems rather then individual tiles in a

file system-

Unust en IBM .f_r5Iser'I.rr- zfieries .erit'.iEs':tEit:I IEPIAEP Seiutiens



lulara dissussian an disaslsr raaauanr atd backup snsnarias appaars i'l

Gitsptst T. 'Elasitup and raslsra" an paga 12?.

3.2.3 Litutt shuing data

Eliasauss many mambsts all ma panguit ssluny will Isa identical in saflwars

snntlguratlnn. llwnuld ha iclaal Ia haua dtass lnstshsas shsrs Itis aamrnsn data

and prsgrarns [for a:tan1n|a.lI1is nigfltl apply In a gang af Linus instannas Ihal

anzarizla Iha sama ssruisa arappnlisafian Is a |:I.ar1i:ular sustamari. Ths data

rslathg Ia dta sarulsa must Isa sharad halwaan lha ssrusrs Isr ssristslsratyt

sass Erna tins. lhara wil ha ::sI1EI'1 data Ihat wil hairs Is as dlllsranl from one

irtstartssta anathar lstlzh as nah-rurit s-antigtnallan data]. Tltisdata san lasstsrsd

an adislt daulsa uniuua ts aadt itstsnsa. hut ntanagamant alitls ssstam-unlqua

dalawlzlultzl his sinplisd llisauld he assemble fnant a sinus iusatiun {urfrarn al

lasaIi:uns]: in Its psnguln sgbnyr.

Shsa fits mamhars at at: psnguit aalsny haua virtual natwsrit csnnanlisns

h~sIws-an lhsm. Hssan uss facilities that ntal-ts mta atrailabis asrussa nslwarlt.

Thara sra at laast has ways In den lhis:

n- “Tra::l'rIi:una|“ l'lE{'|'I'CII1I[ Ila sharhg

A Iasilily sushas Eiarsar Hassflgfl Blast: IHIHEIJ sr Hatwutlr. fila Eyrslsln IIHFE}

is usad ta pratrida disusla Ila sustain assess bahuasn saruars.

I Glahsl hamaspass

A virtual Ila sgrslam w|1Inl'I ittrathnasa global nana saass tu 'rls mamh-ars

ssnrsrs. such as AFB sr GFS. ptsuidas unhtatsal assass Ia data asrssslha

panguit ssisny.

Sanrar Hssssgs Elaslr {SHE}
alas ltrisant as Its fitanrnsn lntamst Fila Systant IGIFS}, 5I.nlEI ls 1I'ia Ilashsrlhg

plulaaul used by an-stating systsrns lita hliarasafl Whduws and EH EIEJE- Litu:

stipp-arts EIIE Itrgugt ths Eamha appliaatian suits.

I1 Iha siluatisn whara you want to mars Itta data an ystr psnguit nalungr wih

EIIIEI sliants {sI.r:.lt as Wirtdaws dasl-rlansi. nmnitg Santa an your Litu:-:

rnash'rias ls dta hast sppraarztt. Haarsusr, using Santbats shana baht-asn Llhtnt

instsruzas dsas nat sari: ‘Hal, ntastly I:-asausa Samlsa duas nat nnaitlsit lha

UI-III sssurir infannaliun asruss tl1a l'lEh'I'l2IlI-E. Baa Ehaplar I5. ‘lntagratitg and

rsplasitg hlisrasafl sar-.rars'sn page 345, Inr hands-an dalalls.

Ellsalar fit 't'1rIJ.I-sl sans-'sId1|IsslJ.I'a II-‘I



 
Nafllufltfila Eyfllnt |'HFEJ

|"~|F'-Sis aIIl'T1llIE|i'Ill'1EflIlJ{!|l2I1 dlatilufilasjraslalnchtaanlung L|l'~||}: platforms. An

NFS scram nuhca p-artanl hill: .=.g,ratan1 aurailah-In awrflwa nuhvnrk, alluurhg

NF5 dianla tn rmunt ma sawed lie system: data into is calm fla slmn-Ium. Alan.

NFE uhaanasirra Li1I.nr.u'LII'~lI:{ lie p-annisaian model. so file parrrisamacan he

rnmagaml uni1'nrml§.r amass an halalalicn.

NF5 dnaa have Iinrlalinrns; In Ihis dim-I15a|m ha moat i1'q:n:nrImtmnaflamfl:I1 B

an irIl1armtlau:I:n-1 aamrirhasadm 'rls us-auffiamuta Prmadum Call {FIFE}.

HPE.w11i+:h wauUDPaa1hahunapurtma:i1ariatn. clu-aanutpn:nri:|ea rigilaiial

nI5nmJrrt'_:,rflnrhm raaanna:

r IJEIP paduats can naaily he ':a;Jnuiud”.da1aaIhu suuuritjqr hasad un1h&lP

aI:I:lraan{nrI1ua1 l'|H'|1fl]I:|HI'|E nnurm mauzhiia.

I» ;I.u1hantlna1im is parlnrrnad ‘I1 ma clear’ wet line na1wm1:_

 
Elrla way to I:H:Inf'H:Ian1|y use HFB ‘I1 3 panguii cduny is to ranalricl HFS Ir-afli:=t+:

mapamta natmzrrlt nnrrhacinna, lmhliu Ifrum nlharlraiflc; ma Figure 3-2 an

page 51. This r.':|:winus|I_.r Iru:-raasns |::ufl1 managamant and prmausslrrg +:ru'atha»au:|.

Ell U1|.|.'|l'fJ'|'I|Ei'I1 flaerrer :3-II1i:s a.rr;l$1'3$IZlI: |5F.I'fi.EP 5u|I.i:I1E=



Figure se HF5 isetsrier:

The design ef NFE elees net siutern-slissltii lend itselt ts presi:lini_;| s glelssl

nemespeee. hut in theer-_.' e sitgle l-IFS silent seuld rneu nl file systems Irern

meny HFS servers. which tiieeld prpeide s Isestisn 'n'I1"IE=lEt the releesnt parts st ell

file systems eeeld lee assessed. He-st-e'irer, es the n um|:-er et insisnees insreeses.

this en-shgement rreuld he i.rsr;.r itlensiss ts administer unless st ulllitir such as

eutelteultt were used its keep trselt ef Ihe rneunlesd |'i|e s'_-.rs'ten'Is.

Gluhsl risrnespsee

The eI:InI:e|:Ili et El glehel nstmespeee brings tegelher the file systems ef rrterqr

sepsrsle sewers his a single structure. This happens sesmissslyrte essh

rnernt:-er ef the nsrrte spsee.

Eieleel File System [GFS]
GFS is s eluslsr ills system thst presides e esntmeh nsrne sneee te rnernlnsr

servers. All servers in Ihe GFE structure sen assess lhsse |IIl'lj"Ei.'.‘-BI -disks- Dish;

devises ere ellessted ID ste-regs .'.ii'.rI'Jl.!i'r.|II?l'.5". presiding the IleIil:iil'rI5r te gene slislt

desiees meerdingte perterrnsnse sttnbtttes. Th en. the tile 5[p'3tElT'|13al't prrysleelltr

Ipeste tiles in en spprepdste suhpeel seesrding Ie perferrrtsnse requirements.

Cltsptera. 'r'irrusl ser-.i-era‘-sh'rts-etttrs 5'I



Ts ertzfrtrale assess is the shered disits. either III-El‘.|'iIZ:it'-|I}'r.|'EI| lssidng is pertsrmed.

er s glsbel iseirlng ssrirer is lntredused. tltti slettsrrns thel suseert it. this testing

sen.-eruses sitaresl meme-ry Isr slate structures; -::-then-rise. netwerl-:
sernrnrlnisetieh eyetTi3Pr'lF is used.

In the Lirrurri-‘Ii"|'».'| ease. shared assess is the pl-rysir:.e.| disir I:-an |:re presided try

Inititg plrysieel drsi-is tsr rnit idlsi-is] is ell er the systems eerttsipettng in the EFS

peel. It is aise pessiizie is usethe rrelilrsrit trieeit deyiee. msunting the physical

disks ts ene system enly and assessing the disk yia the neliisrit.

Figure 3-3 illustreles the eerisus GFS srseneriss.

 
Direst dish: assess sseneris TCPIIP disk assess ssenarie

I‘-'r'gIir-re 3-3 ISFE sr:'e.nan'es

52

iinettter advantage el EFE is that it is a jeumeilirtg Iile system. presiding ttetler

tile sysletn integrity end iesler tessyery etter e syslern teiirts.

The gleizrel name stress is implemented lit sent with sente:-rt-delsentzient

syrnhelis Iinirs [i3|.".ISLs}r. tI1DSLs are generated by GFS ts integrals eerteir-r

system-spesilis file system ssrrlpenents [smelt as -"e1t:}I 'I1te 'H'lEt gls-berl name

sparse.

at present. suepert fer GFE ii LI'I|.tIt en eseries is In lrlal stages. There are

drtlrsutles in esmprllng it sn 2.2 itenteks. end eren en the 2.4 I-iernels it is net well

presen.

Unusr en IBM .j_:5IsnrI.r-r- zseries .erreiEiI':lEI-L‘: |EF'.|ilr5F' Ssiuliene



Andrew FHE System {AF5}

AFB is anether irmlerrienlatien el a gle-l:Ia| name space- In additien is the

seamiessfile system. AFB presides much better 3'Ett:L.||'il",i' than htFl:‘-.

en Cipen Se-uree lmplementaiien el AFS em he teens in tI}pena.F$. the latest

-sersiizin at which is 1.CI-=la_ While AF5 is well pratren as a s-emrriersial preslusl.

lII1:uenF.F5 has yet is pteue itself. Heweiret. it is reasenatihi aesutesl el sueeess

giueh the large humherel etgah ieatiens 'I't'ith experience in AFB. See 15.4.

'L|s'I'i-g AFE in an enterprise enuirenmenl" an page 3&2 fer a hansis-an

deseriptien.

The Gods fits system

Betta tier sernmen data assessi isa slessenslantef AFB. designed lair

Gensegle-hlellen Unieersitit Ce-tie preultles similar featu res te AFB, with the

aslsiiti-an at a *d'estsennec:Iei:|" rnasle efepela|ien.wl1ere slients sat werit an Iiles in

their ean lesai saehe ifthe senrer is unatraihlsle. when the server is eentaetalsle

egei1.1he eeehe is eenetsreniseel etutemetieally. This aepeet et its design

indicates its p-ri'nar5r use as an accessible lie seruer fer entl-user data, rather

than a shared file system T|3'f$E'i‘tT'E'|i'S.l|I|3'lE'i|"li'3'Fl1'I-B.ti'."FI en Gees sari tie teuntl at
the {Jade Web site:

ht Lp : .I'.n'w.r- t:ei1a.i:s . cnu -et:lu

CI-ne auzhrantage at Ce-i:|a is that the Linus: Itemel supports it nalieelgr. Htzn-setter. its

eeueleernent status is Lnslear [the bug trashing strstern is asiitre. but the Falls

tlen‘t appear Is he up is data].

3.2.4 Sharing aisle in memertr

In 113.3. ‘Using eharetl segments" en page 411.we ttesetihe eut werl-t ‘Ii

tleeeleqsing s was el usisg Its tlissentigueus sa.retl segment [DEBS] capability: at

UM te sreale an in-memerir uirtual tliels ti-hieh sen he share-tlacsess tnulisle

members er the penguin selentr.

This is every pram ising area, with ish in-euld ha-.re gram benefits le large Linust

eirtual sent-er en-trirenments. Fer eatsrrple. it as-ultl he an ideal way te preside

very fast teael-enlir assess te the Just dlrestere feta penguin eelentr. net enltr

increasing perternanee hut sirnptny.-ng settaare management as well.

3.2.5 Minidialtt eeehing

‘EM pres-ides a leature lhat -sari |2|lE|-'|'iIIIE a get;-::l perlarntanse t;-ene|'it fer phy-sisal

tlislt assess. which will assist it any efthe seenariee tlessrihetl here. 'u't.'l rl"til'tit‘.iiSi|t

ssshing. as the name suggests. alleestes msmer-_.I it lullul is eaehe guest
minislislts ta asselerate tlistu: assess.
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Whils Li‘il|iI'. prositiss its own Iziuifsrosshs. ii is still sslirsrrlagsous to provisis s

"saoors:|—is'irai'+isli sashs. i:issai.Iss ins Linus oaths ’[H'I:£HB Iswsr |:II'iDI'i‘!p' to rsal

usar pro-nassss ‘:1 I_inu::*s msmuqr sIias:s1isn_ This mssns lhslihsrs may I1-DI

Hissss in-s sno-um irss rrisrrioqr or-rsisoisior Lhux io prowsls so sifsotivs ssdis

ii'l'[-EII'I'iEI||}L Ths rnsmonr For lhs rri'nisii'sl»'. sacha is prsailosatad. so Ihsrs is always

st Isssl ons isssl oi sschirig avsiislnis to His Linux sussts.

i.Iii1id|sis saslfng has Ins-Hi1 shown is clrsmslisalgr ‘Inpmss Iris p-srlomiariss of

Li1ux gussis 'I'I'i1iI'| fiis sirsisms on rri'niI:iisi:. Thsrs is s trsosofi‘. howsssr, hassuss

aliocallhg rnsmarjr la mihiu:l.=.l-: sashs rnaansihsl mass is loss rnsmonr asaihhls

ta ha alosatslzl is guasts. Adzlirlg rnoro rrisrrloryr lo lha prosssssr may I:Is "pJE-zliisd

in oroisrto Ins skis to islss ssissntags of ms snrsisols p-sriormsrios gsii.

|'ui'I1i:l|ai: saslfng man his dons at a basis Isssl oral a Iolssi-I lsssl. Halal to Ei.1D.E,

‘DIED HDD rrIsss1.irsmsni" on psigs IE Ior an srulrsh of Ihsss opi1'ons_

3.2.5 Linitations of sharing disk

Whiis ii is ossirslnis to shsrs ss rri-ooh sornrrion iriiorrristion as posstiis. Ihs

sharing rial»: spproash Introsiusss issuss Iiai must he manaus+:I_

Cashing
I‘ s numhsr of Liriu:-: hsisnsss hairs shsxso -HE‘-'l2iiEISStD-EIi~'El'i.li'IEI[|'1i|il sash so

holzlirig a copy oisiisii hlaoius in huilsrsacha. |_.|suaiIi.rIhis is not a prahlsm, am if

tins of Ihsss L'I1us. iridsnoss writss to 111s disk. ihrsrs wil ho a psriod oi tins

whsss Ina oihsr s'_u-slsrns sharing inst dais hairs an irioorrsistsrioy. Forsoms

applisaiions. Ihis may he intoisrahls. Tnarafora. l1a sharacl disi: amass rns'd1ou:|

you shooss mufisllow forihis

aiso. iosssuss main rnsrnonir ismors H-:I'.]}El'iEIi'|'EI Ihsri clisii. I rnsir not so dssiahis

to hass |"i'IflI'l'_|T Linmi hstansss iu::Ii:ihs_;I n:-apiss of Iha ssms slaia in Iwsir awn

loosizssl buflsr ssshss This rrsllo los |E|3l'1i|3.‘-llH'ij|' rslsvsrit whsn ins Ii-a spslsm

is hslsl ii'i msn1ar'_i.r anyway. sush as wih ‘iilui "."i|1uaI Disi: {‘u'DiSi'-L}.

Th-s u.IaI,rI1a1 Ihs Lhux itsmsl is dasi-gnanzi mskas ilssry l:|I1|i:*LI‘|f is "turn off” Ins

hufisroashs. Howsssr. in ms SEED smiorlnsrii. in osrtah sirolrnslsnoss ihis

would ha dssirahia. Ths sohsislsraiols flI1‘IIDI.I'iI ol wont Ihsl Ihis would anlall might

be Juaifisd iorssriari ozinli-;]LIs1i:I1s
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Leeteng

lhlhlle diseussitg EF5, we tiseussetl the need Ier e teel-; rnerreger te flltltllfltit

eveeeeete eheretzl media. This requirerrtent will very. eleperteitg err he

lrnpetterree el the eteteentl the weer it whteh Liturt lnsteneee eeeeee i. Fer

exernple, s lie system eenying HTML lies rnemted reed-enl-_.r by e ntrnherel

Web-eewirtg Litter irteterteee etguetehl eleee net require e I-eett eenrer {tteeeuee

rterte et the lneteheee eerr etter the {late}-

3.3 Memere tepetegy

The etletzzertien et‘ rltE|tttt2tt'!|' "I1 e penguir tflfll-|2Il'I'_tt ie eriteeltethe perterrnertee et

lhrieirettet iteteneee. end etlte ertttre hetel|e1teh.‘:.tt.t preetetee were te ittpreee

the best: epenet'-en et Liter: iteteneee en eeee end :Een'es_

3.3.1 Litutt ‘jifliee’

The L‘run-: tternet errqateyls e1tIH.'t Hz tiuerthet ‘utettee up" the kernel te ettedt ter

new week. The 1|El-mt'|ieeeenr.l unite e1 tine I:-etweet1tirrter pepe ere gen-erel:.r

referred te eejgrjtiee. etterthe heme ef the |t[Ett"r'tEtl treriettle wherethe timer eeurtt

ls steretl. Perts et the tremet {end serne ether settwete} use this titterte eheett

fer rtew-trertt-trhen Ire tiher|:tepe.eeent tflrtte.

Te '|.I'teL the eerretant petzrptrrg et the Jtttteetirtrer means that the Llnurt guest te

etuteg.-s |:rus1,r.Thls is heeeuse the ttle tteteetieh preeeeehg In 't.I't.t reqttree e

lengeriele time then the jtfliee tinet pteetttee. This effects the way it wlieh "-tIt'|

pegee Ltnurt'e rtterhertr. her:-eues ttttt tr-egee rrrere egut'eeeteet,reh e gueet thet is

ltlte then eh e guest that Is setitre. else, the preeesslhg clehe |:t'_r Lhunr et eeeh el

theeetittet pepe heeetnee eightfteettt 'e"rIr Ierge nmtleere ef Lirttrr-r inetertee-e.

eeueitg GFU eenetretnts.
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‘ma iml-lzflrmmmas Ihamucatslmfirmt laauain rnaragarrrarntcrfmaanntzurln

a panuuii uuhrnr. The aflatrumivas discussed in this sacliun al prmlida was to

rrIaI'|ngamaITru-rjgghqflalarnallacia-danma+1nIrrh3afl1a1IJI! I-l:ti1'mr..I.patu.'M:+

1115 Lilux Iuamal hm been rrriflan by IEII-I Eh::+av|:riIgan.11'|1i::II prmridaaa kamal

u+:In|iuLIra1'H:In upticH1flIEtmnmasfl1a1flfl Hztirruarand raplacas 'rI I-ritI1 adiiremarlt

atflauzlulwg ma::l1ani5:11.LH'Ifi:+rIunata|g.5 Linn: danralapam nflan us: 1115 irrflacs

valiahla fizlruanaral firrI'I1g plrpucaaas {whiuh anmaiirrras have nulfng to do wih

um-rh ar.'hIau:|II.Ii1gJ. an aiI|:Il1.r mnmiigiiiaa mm 1113 II:-amal u-uukl hara-

Lnpmdiclflnla rasulsm nfl1ar5:n=rhira|=a+:-ulnhzla Iha Icamal

EH‘: patch is all ra-mrdad as I.rarI_.ra:pat|rrua1tala1d has nut ham hidaty

ta-dad. Hurrurar. humus: uharataas uftha Li1I.I: E‘-12Ir|"lTI.l|'i|'§f haw ahmm

lrltarani i1 111: IEIIIJ Hzllrnar laaua lflha l.I'-HI-I'|'lI.'!:I:IIIiI-I1l[I! da~.raluparn,i:ra1caIl|:Ia}.

1113 patdi has a htnlp-otamlal.

 
3.3.2 Large guaat mamuryr

The ai11pII=atnnnfigurnflnn,u'|d flnmnnrich rrunatclanaalgrrrirnrsnnring Lhux

mfinrata$anrars.l$1naimI3raIa¢atat¢aa:hVHgLHa1m¢$ama¢rainIuI

elnuuruhzllnrarrlnry astha daufitaaawarwuuldhaia.
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I@

Due tethe way in whieh Linux utilizes Ft.fi.lul. heweeet. this is net eitieient in a

penguin eeleng.-. The Litux ltemel elleeetes unused Finlel es hufiereeehe te

impreee dislt perfermenee. Te "e'|'u1, there are ne unused areas sf rn-emery. 1e-hid‘:

melteelt tliitietilt lie determine what sen be paged eut; reler te Figure H.

Unust

Unusziteirnei 'IrH.Iee'ee::rege Butierf.‘-aehe

'I-wee-nee

— aufiereache

Linui-:3

Unusd

Linu:-:5

es

I: UM Central Eterage
-Linus guest at-siege ell:-setien

ere Paging  
F.i;Iir.Ie- 3--I 1i'.Hi!JHH1'fl§'

l'-let ehettrn in Figure 3-4 isthe effect st Linux swap spavee, which further ed-nfusas

the eituetien. Cenelder e rnernery-eenetreite-d Lihu:-: guest. with Linux en-ep

space detined. H.-|1ii::h is operating in a merneryl-censtlained ".:'|‘i.Il syrsterri. "."|'I.Il will

he pegitg L'nuJ: rnemerir te relieve ‘»i'|'il clelnends. but at the same line Linus will

he swapping Ie relieee ils ewn eenslraints. This ean lead 1]} a situation where

pages et n1en1ery~—niierlted es swapped-in by Linux but paged eut he ‘u'l.il—are

paged-in by '|.|'|‘I.I| simply te allew Linux in swap them eut.‘ This is generally re‘-erreti

te as .s.ieeeIe—psg:'eg. end is eerie undesirable.

An ideal selulien ellenlirs 'e"|'v.II and Litutt te eeerlt tie-gethsr—er at least net light eash
ether.

Iithaptera. ‘.n'iriJial sir-eeriehitnsturl 5?



3.3.3 Linux swan to VII virtml disk

An aflamativa way {If all:-caliia marnury la tn raducatrua aim uitha Linux vinual

mad1ha.EI14:I alcrcaia mum sum spam tn fl- In a dlscmta sanrar amrlrmmant.

Ilhfllfl {Educ amass is curds-rs {:1 rnag1i1.I:Iu all:--n'ar1i'Ia1 FtAM,1i'Ii5 would be

undaai1aJ:Ia.lJaing ‘FM 'u'ir|ual Dial: WDISH} as Linn: sump. hcwrawr. we car:

gram eml1:n::a tha perrunname nnl Linn: mm: raf-aria Figure 345.

 
UM I: mcannml Eluraga

-L|r1IIh‘. guest.-atnraga allncailnn
I Linux buflar came

$1u"EIIBHInrLi1I.n:sHq:u

‘UM Paging ‘I.-‘ K
I-Tgumfi-5 J'.:i.I'.I4..I.I.':r-In-a,'.r4.tirIirrg-'.-'I|':f5.II.'

In 1l1iau:-.aa=a.awn though in Inlalwe alln-male an almihranwnml al mamnrzr In each

L'I1I.I1-: 'I15l.EI1na{nru::a1i'ba amI:ILI'Il of real marnclrgr and ‘HVDIEH is added qzl}, 'u"|'I.I is

ahlam manage the l|'hBl|'H2Ir]I' mum afliziamryr.

 

Huwe1.~eI.meI'aareI|rrIIntlnna tn Ihts nptlnn:

Ir Appiaiinns which raqui-an alargailnmui-af'ma]F|AH" may mllzraahlei-I1

uhtaln anmuh ml mamnnr ta rLIrF.

3 Empi1na|m.I|dmnnLIg;',I.wlsfl'ra1H'HIh3ptInlaI:h3:Ii::atI§|:y.rlmituafdrhllagimamtflamifih lxulsscl
13*3l'u'|E:|jI.aI’a;r:tan;

SI Lh1u:tr:n IBM :fiannu!1':Bi1-uirdS.I'3EIl-.IEPFAfi* Enllicrnt



I» Appieeiimts Itetetetieit-itlerteiee. ehtl Heultl henefit hem Li'1l.|.‘.l: leI.l’ter

eeehe, may ettteeriehee ellfltfltrdeetteded perfenhenee {it ie netee eetrere ee

Ierehgedlett |.tDi1e.terg.-eeeeHtr'hlcanI'i'ug le |neI‘ec:t]_

I» Eitee Lirtu: heieeeefl ie ueitg a reel disk, the DEED mtrerteill elil he I.te=etI

i:IeuqeltD.THeeddeeel|d11peflenneI1eeeeeut1eedeen'peredhema1tery
eteeeee.

The Ulflpegituumteheitt in1m:iueetl|nrflIeLi1u:t1tJtZil-lztirterteileliheen

ieeue hEH'E,|2ILI tt-eeetne the eizeeflte Li1lIIglE«E|1E»'rF|vBrrl|Dr1f'HFBt2|ll}Btd, the

tetelenteuttefmeneery etteetetlhyflte leeue la ret:lueet:|_

3.3.4 Litult eueep filee in lIII'.'l'I‘IIl'.Ifif

hetdertefurflterimpreeefleepetfierrremteeel Li1tut'e“I.rHteelewe|f',wet:eItteke

tlteeerrhewhetmdieeletep eI‘ttmIih;|Li'tt1tte.'n'e.pittememer1ttTheree:ehIre

:r:ehitHelec;mieH&h.mmm uee1getq:+endedee:eegeerh1rtIei|ngLhttete .

Elpfilthltl eterege

Lhux can utllze expended eiurege ee e lnleetteeetee, uehg the IPHAM t:|rl'u'er.

'|'hieet'euh:IetIeteen e:ntI2l’leeyete-InteI:eereetleI:|itet.te:«ertt:|ed eteIet5}e.ehtI

Litut-: eereplleete hetzlelined Ihere.TI1ie eppmmh pretrhzlee eteelmeep feellhr.

Imuttheee E Ifle edeentege between thleeppreedt encljuet eleeethg el etthe

rnemenrte Linuxee eentrel. I1 erI:H'rl'teh. eetpahtletl eteretge in net euepefletleet

the zafltt it En‘-I1-|:IlII:|'Ftl't'.‘I‘I|liI'.‘lillI'EI mntzle. eelhere netlclemeerte he I1Je Iuture it
this melhcuil.

 
Unu: Hhllclillt

It lie m:nt‘lgurelieI1,we Increase the erneunt at rnemerI_.r elleeeied to he guest,

but iteleetl ef ueitg external e'tee,e detrieeet tee etlleeette Fthltlcflte it L'ltI.e-t'e

|'|'|II1'H:|n|' end ereete eereptiee en these H.fi.|'tIl::lieIte.

I3tItItler3.'t'1rb.eeJeert:'eee.r-::Itttert.'h.|=e 5‘!



Linu1:1

L In UK?

Lin ux3

LlI'l LII-4

Linuxfi 
|:| we camel See-rege

- Linux guest eterage elleeatlerl
' Llnux hutlereeelae

2 Llnu:-t Rel-l den. need ee euuep

ulul Paging u 
figure 3-:5‘ Lew: S|.'|I'3p re F1'.=H.»H['JJL'

 

T11 le preuidee e nurnheref eduenlegee euerlhe "u'EIlS ll: met-‘nerd:

Ir DAED driuer ‘he run! med te eeeeee FtMulI:|iel:. lltue reulueing ltfl e1-Ierlteed-

- l.ululIlple Ft.fi.l.Ic|iel:e can he eet up. Itue ellewiwg geed grenulerity it l:releneing

rruerruergp enreilelele tn L'Ln me.

In UM can page-the mernerg ueeel l:P_.rlhe F-‘..|$.|‘n.n'|:::liel:e mere eltleie-nttgrthan ':|Lirtu:-c

wee ueitg ltee butler eeehe.

Thle eentlguretlen gives elgnllleente-entrel euer memerg Lneege. Fer example, H

an applicatien Iequjrhg El large emeunt at “i1-cure“ [Fl-El'l'IE|F5I' is elartetl, eetueiae

eerep ltlee can be turned eff and the F~lMu|u:lie'r: deleted le relLln the rnerneryr te

Linux [this is Illustrated in Figure 3-? en page BI].

Ell Linux en IBM nfls.-er'I.u=r zsmtne and Eu'3EIt3- IEFIAEP Selulisene



deminated by lerge ‘in-deee' dreeeee eeed enl lightly ueed

 
Swapff. -EEIEIE HEM disk

 
atreilehle dere memdryr grdne. ddnetreint reiieeed

 
Figure 3- F Fteiuieierrg F-"i"E'I'1'|I:'1'JI'D1'-'-|'J~5!Ifliii"-||'iii"-| RM-'|'i:i'ie.Fr sheep I:-:InII'yere1i:.-n

Hete: The eperetiee weuid enhr tire benefits when the eeerell |'|'iEF|'iI3-t'!|T

requirement wee rnederete er ldie. end e eermin epplizelien required e lerge

emetlntef rrrenrerir “in-mere".

The realieeetiee dt ewep Flmdiel-i "I1 mid way teeuld net irnpreee the eperetien cat

a Lin uit irneee ieheee tetel rnernrerii requirement was t:|eee ‘re er exceeded the

eize dt the i.I'i».It. it this ie the ease, rernetring the entree |=Ii5.htdieit ilreuiuzl eeiuellii

eeuee eetrere preleieme. leeeeuee mt? the eeeileble seep epeee weuid he in uee.

Te pert-elm the dp-ereitie-n, edditidnei DASD ee-hep epeeen ie'eu|-i:| have he he breugel

en tempe-rarity te ntenege the ehenge.

The eleienelde el this melhdd te releled Ie the jiffi as timer: by increasing the

size er‘ the Linux gueet. we've reintredueed the large! impact etflie timeren 'ii1'-'|

paging. Fer Ihie reeeen. thie rneihed ii-dtild ilidrit beet with a kernel medified te-
rerrieee the timer.

3.3.5 “H'f|:irid" ewep method

Ety iteing helh Linux Ft.fi.h.Iidieit ewep areee end 'uiD|Stvt deep epeee. II ie pdeelhle

te create an ed-.'tremei3,r tuneiti-le memdryr erehitedlure which can |:-re1.Iide all net the

henefiie ef the rneihede dieeueeed ed fer.

Cheptera. 'u'irrueJ eer-eeriehiteeture E1



In this dssign. ms attptsatsv El numtrsr st Lintst HAl.n'|disF:s—tn:t fl|'If'_.' lsuittt swap

spsss tn rms s~tth:s1h.1:'n's1llJ1t1s sthsrs with tsrgs ttlss ts tsms Lthu: ts sits-ssts

Hus msmsrytn 1119 FlM..I!1:|1'.-sit- In atidittnn, um aincats a '|.|'EII5|-'3'. sI'u:| rrtaks E_'I1urt

swap t: that. Ths swap spsss sh Ihs UDEEH lsrrrshss-«:ls.s Ishrsr ptlsrtty th-sh thus

Ft.sIu'|u:tlstt swap spsss. This is tllustrslsd ‘I1 Ftgurs 343-

% L|l‘fl'.|§I: huflsrssphs

2 Linus asst sss, us:-d ass-asp

j Linus: ssh +:|iaI-i.'1.tr=nttaEtl"

% 'I.n'DlSK usstl as swap
‘UM Paging

Fyn-M5‘-H I-.|',t-itJ.rJ't1'I.s'.Ittt:I.'.tz*I-teat:-:1‘-iI.s;I'g1't

has thus rn~srnpr'_n.r rsqu-ismsnt sl ths Ltrrutt I-mags grpws. II will start swspplhg.

Initially it wi1|s.1-Iaplu ths Flithtdtsk swap Esta, |:H;l 'rt msntpry rsIq;u'rsrnsnts

4:-pntimls ts itstsass, ttwiHti|1 Ihs Ftflthtcfistt and start swamptrtag In the "u"|Jt5fl. AI

this pst'nL you dststs anus pl Hts nnrr-swat . rstsasitg Ihst msrn:nr'_:.r

bank is ssrs.

E1 Linus: an IBM nflssnu-.r rsmtns and E.I'.!El1-!E:P.T.lt5:F Snlutisns



ccnstrairred swapfillctt up Siriflptu trcrsi: starts.

 
-Frgrura 3-3 Haliaicrrgr ctatctcrj-rcenstrari-aria hi.-'t:rni:f are-sic cenltgrcvaticn

The gr-acess cfcleletng cne ct the tiller scrap clislrs can he autcrnatetl. This

eutcntalicn ceulcl talre place either it Liniur. [thrcugh men itcring cf page IICI tn the

'itDtS|t erirep area}, cr thrcugii ‘trial [by rncnhn ring lit) tn the i.tE:riElt ileell}. The

ntemcrir that is used tnrthc files held it Flrfihtdish wil be paged cut by ‘EM. se

there will he a sligtt cccrheec In pegitg space.

F-rzisailc-hr the best use cl this appreaelt is ten rzlelerrnine the we-rt-'.'ng set size ct

Lituir virtual niacttines- By using this apprcach eirertirne. the ideal ccnligu raticn

tcr grcurtrlnual mach ne else can he clelerntrned.

The pr-cceee can |:ne1ur'li"1er enhericed tc prcuicie greeler lecele ct gran uhrhgir, by

arttitg intellgencc that recreates the tiller dish and incrernentalhr increases the

size cl ite ccnlenls. Thic can give us a rrerir gccrl understanding ct the memcryr

requirement crfthe L'nu:r instance. [He-eretrer, there is a risir. that a peak "I1

rnerncr-_.r utilizaticn ilrculcl area the results chtaitccl in this rncthcr.-1.}

3.3.5 Sharing Linux mentcnr

In a large penguit eciany, man"-,r inslancee at eernrncn eeele such as the lcemel

'n'iI| be it memcrgr. 'e'M can prccirte e sharstt. reecl-cnlgr etcrege area that can Ice

ueetl trir many hetencee elrnulteneeuely, using a teeture l-rrieen ee Named

Shared Eteragc (H533. This can greatly rer;|ucc the rnerncr;-.r used by the penguin

cclcnyr cuerall.

Chapters. ‘rtirhrel ear-ieriehttercture E53



This ohmod aroocranoloo houoodtoboot aunilonn ouid olLi1u:-zou-oooo Ergo

nurnoot o1 inotonooo. Flolorto 1fl.?. '1.inu:r.IF1. from HES“ on pa.-no 223 for n1-oro
+:|-Ellis-

3.4 Network topology

I1 lhh oootion loo irllroduoo molhodo forproviciig not'I-rorl: oonnooliuit1.r lo Lino:

inotonooo in o porlguin oolon-_.r. 'lI'lI'o loolc ol lho oonnoolian typoo olroilolalo lo Lhux

on zsorioo. and Iho use of Illaoo oonnootlon rnollwoda ‘n oonnootlrlg Lhul: to 1l1o

rlolwod«;-1llrodloouoohJrIhorI:|otoE of howlhooorlloclion typooaro uood'I1

Ghoptor 4. ‘Plan-rorltlrlg o oonguin oolonj.-”.

3.1.1 llotworl: dolriooo for Linux

Thoro oro oolrorol oonnootlon {I-E'|.I'lI::fl:5 olrolalolo undo: L'I1uo:. lionouoly. IJ1o{.r1'oI

into two cotogorioo. oolomol 'nlon‘on:oo and intomol intorlooos-._

EI'.'|:El'l'lfl| inlfilfflfififl

Erctornal htorhooo olow Linux irlotorloooto Izomnmllzolo ou|:oi:|o lilo hounrthnr
ollhno Ell':l9ll or zfiorioo monzhiwo lilo ilotanoo runo in. Thooo oro oonnoollono to

I‘l-EI'Ill.lIZI-I'll: dolrlooo ouoh oo Elhomol 5'|'I'l‘|l:‘:|'li-3 and routoro. Tho lrltofloooo mot Iol

into lhio oatogory ouo lhro Clpon Eyotorno .F|-Ehpi-Hr {D-EA] and flaorrinon L'I1k

o.ooooolo Worlzolotlon |[Gl..Il.W]u u-la EEECI1.

Intornol intorfoooo

no Iho n-omo ouggoolo. irllornol inlorlaooo oro lI.Iihin our SHED or lflll oyotom.

and one uood rno|JnI5.rto oonno-:11 In-oloroon momboro of mi ponguh oo|orrg.r_

hlomol i1lorfoooo at lhio tirno oro point-to-point oonno-oliono hl1iol1 do not

oqaoort hroodooot. Tho Iwo iwlomol dooloo typoo oro Vlrtuol

ChorI1olrTo-Gllonnol ['ll'GTI:}, and lntorvuoor Gomrrunlootlorno 'lI'oI1i:lo{|UC'Il]_

U5.-‘ng irlomol htodoooo, mornhoro of Iho panguln colony can oontnmioalo widw

oooh o’l1or. 'n'it|1oul n-oonilg oonnooti1.r'rt3r to o plwoiool LN-l. Inlomol hlodaooo

oto Iho hulfllnghlodtofor pro-.rlcI1g Iho olrtuol nolouorlthg used In lho p-onguh

colony-

I1 addition Io WJTG and IUGV. lllooo ooonow l-liqzrorfloolrolo on Isodoo nladfnoo

whlnh woro oddod oolhio book was hoilg oornplotod_ Adciionoly, 1NI'll lo‘-1FI2

ollorro loroitllol Hipolflodooto and tho oonoopl ol o Eiuool LAH. For oorno

doloio. ooo1o.E. ‘UM LAN oI.|:o:lorI" on pogo 41:31.

El LI'nI.n: on IEM -.'£Joor1.'or 4".5'il'|iI$ ond orooo: IWIASF S-olliono



 
3.4.2 Hetwnrk ahunture

Shun H is nut practical to nomad: all rnar'nl:uamnlI1a pmgth mlnny to 1l1a

rhatwufli uahg an axtamal ‘ntarlar.:-a. it is nacasaarytu mate a "Virtual" nalwurk

amrlnzrmenl wll'Ii1 ha rna|rllrama.Tl1is will lmrnlnra hauriig nartah partsul I115

amlruzflnanlaal uptndn mrnnralhan l‘I:IlJIfir'Ili't'|'I'IZII1I{ll‘a|.lf'flI:. 'lHfl'II-B-llifllfllifl

array aurrra raauwms fmm ulrwutkarlimu: i'l5I.El1flB$. fl is El. h-allarappmach

tl1a1 pn:-n.rl:i1g dauicalad n::IhI.n:-r‘n:au:»:uaaa tn +IEI.".I'l i'n:|hri:lu:al mlnharnl fllll

parnguln mIurry_

 
Thamaraanlangrwayafllatnahanmlcn-nnna4:Ilri1rmaI1 hamnflgmad m'h:lafl1a

p-aruguln mlnrry. we will muartwn ul Ihaaa: a lacmcdaalgn pr::n.rH:H1g ample

cmrnclirijn and an cadvclnmf design uaiig mLIi:IIa irlarlacaaa and rnulipalll

mung. Wu fl'lB|'l damalnp ll1a aanand fl:I4;l|'4:|v-EI.'lI'I by l1tn:dIm-lrug 1.rlrtualF

ad+:Ivassi1q to pmulda arlunmd n:::nnruu:I:l::n awalallllyn

Eimpla natwnrl: an-sign

Fuwa 3-'1I}nn pagaafi smuma basin ulrtual ruulln-g simulate-

Ifilifilll-lr3.'u'1rb.Ialaaru'ira:-:I1lh:.'h.|=I E5



FJyLu'E .'.i'-1|? '|.n"i'.r|uEii'.r-:Iu'Ie.' ins ,I:Engu.u'i1I l:H§'I'I'j.|7f

This ssnfigursiisn prsuidss isr sfiisisnt ssnnssiiuiw. and satisfies ihs

requirement in suppull many instan-was using E. limited number of nsIII.I.Ii::IiIi
II!-III-l'||'|EI3ifiIZl'|3.

Flesilisnt nstwnrk design

For situaih:-rss raquirhg a high cisgss hf E'I'E|iiE|Di|I'3i' and I'E|EiL|1'II:iEl|"I|3'fi'. ihs

stnisturs shown in Figure 3—11 [in page F5-T priwidss redundant sinus! and

physical izsurnssiisns.

GE Unux an IBM ._1_§Isnriri-:SiiiisarinEu'3EI-:u ISF'.|h5F' Ssiutiuns



Figure 3'11 Duel renter eenligeretien

Te preperlgr eirpieit thie n:lee|gn_ eeme ltind el t:lt_.-rremie reuting ie required leettueen

the virtue] re-utere and Ihe fire! line ef re-Lrtere in the neltttterlr eleud. II meyelee euit

re-quire-rnente tn extend the i:'.l5I'I‘IEIl'riie reuting te include the Linte: ineterteeeee
well.

Tip: Tel-re eere in extending dynernie reuting lee far into the penguin eeleny,

l:tet:euee running gated en your Lintut ineleneee 'r'r'|I reeult in them hetrhg Ie

prueeee and generate re-utirig uptfltee. Tlie will mean ll'ieI1he1.r will it-relre up

land he El‘-'-lE|ltIBl'IEEll] at regular intertrele. tlrarretieelly increasing In at idle

etrerheeel til the penguin eelurw. Thie ertuetiun ie elieeueeeu further it

Chapter 3, “Fe tterntenne enelyele" en eege 14?.

The rule ef the renter in these examples ceulttl he perternteel by erty

TlI‘.Pt'|F'-tltillittilitle eeee erzseriee erearethg e1.-eten. clep-endng upon your

eunneetitthr rnethed. In this uisetieeiun we 1.'r'i||t2:tZIl'I5iI.‘.ltEtr{II‘il'_yl Linux and ll'lttl
TEPIIP.

Clteptera. 'u'irruel ear-aererehiteeture E?



Unulss n uirtual ruutar

'|'ha Llsa at Li1uxhIhaui1ual radar rala haalha Ialauriig hanafits.

n Eiliaiani muling arrgira

u- lJnu:ra aauanaa-cl raLIi1gaaq:-ahillliaa, halutim Hafllar

I» shill‘: ta build a1|'Ii1, 'raui's1g anir” i'1E|-lT|EHCI msxinizs |:Isrfarmsnr.:s

Whan ad-Iziig naw l'|'1El'TiiE|EHE is "13 panulm a-aniatIy'.IH:rrra1.rar.1|'ra GTE and ILIIEN

izliuara must be unIaan'.Ian:l i1 ardarta and tha nan aarI1a::liai1a.Th|a|an:Ian|:liira

ta auiaiiig aannaaia-na [aid in Ihaaasaal Ina GTE driver, may aauaa aihar

sanrsrstaI:ua nasiaut-ad]. in s::iI:itian.li1ssssi-abiityr a1 tlls E3Tfla.nI:i IUEfi.I'£I'iursrs

lanai stIai1aluaI'_:.r prauan.

‘ma nsw Hi|:uufiaak.sis su|:rpa11.uu11i::h wsssnnaunssa asiiis bank was bsha

aamalalad. wil slaursnafllarnatwadtirua apiian larzfiarias msdiiia-s. WM

'||"4F'|i prauidaa support farlaaih pinraiaal Hharflaaitala, which has: apmaqulaila

at 290-!) hsnzlwsra. sndviilal H'q:sr$-arsiiists As its! as nlinlna an zfiariss

rris-'.'.i1i1as. uriiusl Hi:I-ar'-5'-aaitats will alsa am an msmhssiiai :»"uI'Iu'| 1:|'4FI‘E

aqua-arts: GE, GE and I.niuiIfl:i-risa BIEHJIEI madala.

"flu! TEP.-‘IF H! a ulrtual rautar

Using a ‘I.-‘H TGFHP usar as Ihauhual raularadclrasaasiha aualalaltyr lssua at

the Lima raLl;sr. bssstusriuw cisuiaascsn ha sciclsd on he fly using EiEiE‘i"FlLE.

 
Aha. using '|."iI.Il as s.'iirst-ia=-ml" rauiarmn praviriss mans prawn msliad ai

aamridhg aannadiirity ta Lhun using Lnaqaparladar-axparinarflal I'|-EI1.'Il|I:+l|-I

|1ara|u.uara {|‘ara:r.arnp|a, Ghana GIF, la: -nrhlah ma LI1Lu: drhrar is atll aanslalaraa

aaparirnantsli.

Tnara araatll aaalabilgr issi.Ias,|1au:auar,ssIhaI'-a are hard raatriatizns in ‘am as

tatna runh-as a1‘ dairiaas suslhhla {sss “WI TEMP rasiria1|an" an page. 104}.

Alan. unis I is ganatalyr sarlddarudiilali tlls pariannansa III the Lhua: isamal

|I.H:I-IJ|'.'i ha supanarta UM TGFJIF In rau1hg IF padcats, I la prahahlyl nat

siuiiicsrifly beast. is ii is nsaasasryta sat up an lass: ans 1-FM TGFJIP sladi

s'm:II1r in Ei|.||:||I.'!EH't 111a "uI'|'uI system isaii.tI1a WI TGFFIP slash is a gaadahlaiaa far

genius] rauhg uaa.

El Li1u:I:-an IBM flaunt: :3-Iliss s.rr;l$1'3$IZlI: |5I".I'FI.EP5aiI.i:I1s



fiumbining Linux and 'iI'M TBPHF for routing

In aartain hiugtu-damanoi applisaiions, it may i:-a adoantagaous To oombila Linux

and Will TGFIIF rouiing in a Iayrarad approach. This may ha nasassary as a rasuli

al Iirnilalians :1 ma natorana ciaaisas bang usad. or hasausa ina I1i-Iflulilti-I'|-I.

intariaoas available do notsuooori Linux and you still wish to usa Li|'||.DI2 Iouting
faaiuras such as hiaifiltar.

Hota: hiatfltar oasornas s'-railaola in tha Lin us 2.4 karnal. and proi-rislas iirawsll

and iraffio manila ring lunotions_ It is tha raplaoarnant ior ipshainairom this 23

iiarnal, and prauiclas rnara Iunclianalitir, Including stataful Iiraoiallhg.

Figure 3-12 illuatratas apasaitrla so-nliguralion inoia Iiial this is only an axampis:

a raal ooniig-uraiian may '.'ar_.' from ihis}.

Flyura 3-1:? If‘.o.rrii::-i'1'i.i'i1;r 1.-‘M TCFWP aria‘ LI'nLor Irinaai rs-urr'ng

Hafar ta Chapiar 4. “Nainorkhg a panguin oaian1_.f' an paga 1'3. Iar furthar

discussion about hiaranzhisal raining strursturas.

Chaptara. 'u'irruaJ air-sararahitaasura EH



3.4.3 GEl1E|'flIlIEI't'ifl|'I{E1DllEidErflIiflflE

I1 his ssstiuu, iss siissuss gsnsrsl sunsidsisisiisysu Ei"I|CILIEI iissp it rnil-=;i

rsgsrdlnrg the dsslm ufths nstumrivt.

Tslltts your trlsndly nsturnitt std‘!
The stlsssssatitiis lih-:1 aii:Issi;i1 is dspsndsnt upon gsod ssrmtunissflsn and

iissussian 'I'I'itI‘I ma natuaririt dusty‘: ta-am at yrsur iislsllatinn 1.I'|.I'hi|s 'H'E"FH' dram

‘Ths l'-lstilinzirii’ it uurtigurssssths ilniquitsus si:HuI:I.thsrs is an int st sumpisxily

In lhstshud that must Ins DD|1EiI:|EI-|'E-El by Ina psriguii ouisny dssi5nsis,justss

ihsrs 'ss:mais:Iyr|nI1s pmuiii sniunzmst must be ssnsizisrsdhyrflis ruatwsrtt
tsan.

Clnsst flu mssttltflwlsmssptstsrnuny natwsrtt stsfttsgrssp Is that us an

hilildirru sutirs rsutiig dsmsiis iisinls s siids Fitjifiififll hsst. Ws dssiian Has.

masts and hudsthst snistirirtusliiur irsicls ‘u'I'I.i—I:H.I in spits st Iusibsiig irirtusi.

they lzuahsirs ihs ssms ss phyrsissl Iii-:s. mutsrs. and trusts.

 
Spend sumstlrns witl1 yaw nstvrsllt tssm, dlssiisslug Ihs lntsrsstisn hstisssii lhs

rrstwniic and this p-sngth salons. lssuss insludhg pl1I,isi:s| snmssllulyr and

i:I;.rnsn1is rsutiig Hil hairs to his sisrifisti ss psrtsttlis dssim siths sutirs

sslulian. Hsfsrts G|1sp1si'4.‘|*istui:ri:i1g s |::sngui1 4:-III-|I:iII'I'f'+'.|II'I psgsifti ts lind

rrnrssh-nutlhslssitsslhstyiauwllnsstltnsnusit

3.5 Wsrklssd tuning

I1 spu1gi1hsuinnystsmrsi:s,iisirpnnsnttnrumitl:srl1atslnffl1sU1J:

lnstsnssssrs disrhg the r'B:5IZI-tII'tt:B:5DIflti- Sismpmsssssrssrwplss hprssliss,

this mssnsiist prssssssrmpssigr used by unnssssssnr tasks siistld his

Suins-tiastlszlilld irI:iuI:ls-hsfslzmritg.

HI Li1I.I:I:-:Jn|Ein'| flssnsr :3-alias s.rr;l$1'3s'tlI: |5i".I'Fi.EP 5uiI.i:I1s



I- Ffunorlytliasawina-sjruu naedlnduIhawur|:1ruuwaJfl.Thi3aI1sure:sfl1at

Ihaaanmr is wuuthg at ma Ian!-zcnnhr. {‘f:-u wl ma I1ia ra+:u-n'mandaIiu:+n [mm

aaacuriy paraparnthta, 515111.}

I- |'-irimim tha rhurnhar at sawinaa hat ‘p-all”. -at at least be ware nflwir

inp-au:1. E3I!fl'I'I|:|I|B5 of lhla lnduda nnhcl, ha Samba HEIHIDE name SEWEI

dmrmx and anal. lhrEH:|1.I'I1EII1'I¢ mtlim daamun_

P WI‘I-Eh! |:IIH.'5iI:I'|-El: Hid u:-nvariar-t. HEB El $$I'|.I'i':EI Ifl had»: iii-EH LIP Iflharlhfll

running acldiiunal aawiues. In Tris war. the mrarnaaduftra aarwar is reduced

by nut haulhgiu prcwhzla a hanzi-up aarwina apanilmalgr. This Is uiacuaaa-d

IurIhari1 ‘In-sarvica barman” on page 123.

Grim-Ir 3 'u'1rh.IaJ wwmmthctfi TI
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Networking a penguin

colony

This ohapler expands some: oi Iho laauea inlroduood ‘I1 £I1aplorE..*'U'|rtuu| sewer

ard1tan1ura",rah1a-clto oonnoclhg your panguh onlongr Io 3roLrnatn'on:.

oocwngrrtlantournaua-:1 Ta



4.1 Network detrlees

htstwertzlne en Lime Ierefieriee and erase alters rrremr eltseizret end trirluel

eptiene

4.1.1 Dpen Systems Adapter {USA}

The USA is e hehrerlt sard fer EH91] end zfleriee rneirrtrernee. Linux een utilize

Ethernet, Fast E‘I1emet,Gigel:ri Ethernstend Telren Fling flfihs. The

DEA-Esprefi is the nerrreet version ef the GSA. pr»:-.rid'ng a number ef

irrrpretrerrrrerrts end new features. as telerrs:

I- New Gtgehrt Ethernet interface. and irnprerrred Fast Ethernet irrterteee

p Etueued Diest I."t:I {t.'.tlZI1I:It mede, 'r'|I1ir:l1 usesthe Sell-Tine-d Itlereennest

I[3T|}hue1e prenride rT1|!l1'1I2Irff-till-l1'lEIllI'|2II'!.I' transfer of net-rrertrtraflis.

drernatieal1.r ireteaslng t|'1l'tr:I~t.lr_;I't|!]It.I1

- IP Aeslst 1eeture{aeHab|e In flD|E}rnrhdB1.1h'I1i::|1 eflleads adapter pmcessitg
here the heat TGPIIF eterrtr

|- [2r_:.rnami: USA Address Tattle [else in {IIDID mede eels}. Irrhteh eliminates the

need he prede1helP edtiesses

r Increased number at IP addresses per pert eruailelsie in tZtrt.T:1rem 16 te 512

en 135.166 te ED-tflen zfierlss. and e metrknmt at 34+] enrrles perflfiif

|- Inn-eased r1.umherer ElIJI2hflI'I‘lEH errelhhte

Iv LE5 e-uppert 1prTt':Pr'lP when eerttipured in nen-flfllfl rnede

USA presides a direct path In the “ettside wer'1:|' where required. but net el

memlsers et a large pertguh eetcmresn eenhe-r.-tte it. Te preu'i:|e netwertr

IJEtl'IF|'EE!Ii'rFi]T tn the entie penguin eehngr, virtual rretwertdng is reqr.ri'ed- These

issues are dleeusse-d In 3.4.2. ‘hlshtrertr structure-" en page 135.

4.1.2 t':har1ne|-te-e-l1annel{{:TC}

ETC isa pe'I'rI-1e~pe'I11 eereteetien, uslng either a reel 3139!} dtannel inlerleee er

a villus] channel provided by WI- tututliple ET-Es can he eenfigured. allea-ing

dlil-I1|'hEH3Ii'fljT te rnuliple peints in the ernrirenment.

The |'ntr-Iayrer pmteeel used by srsee s1.rsterne 1erT-BF-“IF e1.rerGTG is trenr

shilerte Serial Llne lttertese Frele-eel {SLIP}, an s-Eu1'_.rTEFr'|F' nenneetien

rnetlte-d wed eserriel-up eemmunieetierrs lines. Eleee-use el $.I'39Et eperetine

systems usethe sarneliet-r preteeel. it tepessihte teeenneet a Linurr itetsnee net

enlyrte ene1herL'nurr, but else In a WI er 051391} TCPHF elect

T4 LI'nI.nr d11|EM {£35-E't'1"|3t' efireltee end $1390: IWIASF S-etti-:I1e:



'll'ltIl 'I.l'ilusl GTE {VETS} slisws sttlsntiss psiris Ins s-ttrtli-|;I.trs-t:l hat irtlts tistrissis

tin his: guests ttigs1l1st.Thsss Itltscl dstrissslhsn sststtnsfltrlsss pnjrsissl

GTt2,wlIl1 'l.lI.ll canning Its: nstumrlt Irsfllu lntstrnslly bstwsan than Inn quad.-L

Eisssuss ns pit-:.rsit'.sll llili is psrlsnnstzl, ‘I.lflT¢ t:-tlsn psrlsmtslsrlsstlsrtltsn st

pltysissl GTE. I-in-wstisr, 'iI'L‘Tt‘J ssn ntitr hrsuszstlla-stnrsnsn gususts hits sums illll

systsnn {that ‘s, s 't.I'GTt.': ssnnst Iitlt tns nttssts In sllllsrsnt ill-I strstsms. svsn sn

this firns pltjpsissl tnsldtits}.

GTE t9l.|:l|.‘rI:l|1iE pnznritls-tl it Li'ILlJI'. using s-tuzls ssntrisutsdtn Its ltsntsltrs-s Int

EH. The GTE dtltrsmsn ha nnmpliatl as part at Ihs ltsrnal. nra n'rn+:It1Ia{+:ns_n}.

GTE has shuwn high rslislniityr it spstsliun ttrH:lsrLi1tttt- I-Iutltsssr. issltnut ha

t2|j|'l'Ifl'l'Ii2'fl|ijl' stntligtlstl [mu -ssnrisl and s IIEI-'I'|' G'lT.h:lstriss -nitltsut unlsstclitg

sntl rains-tlhg Ins ETG ntnduis, fltus Ismtitnthg srnr anisfltg t.".‘Tt"; snruts-stlnns}.

Ftisu. Hts ETC t;I'rI-rsr hsuztrnss tltsishls ilh-s channel is htsnttpisd fsrsmr

rssmnlflltstis.llfltsshsrsttds1fltslrlltisbrsLtgllttislrm}.

 
4.1.3 htsr-lJs-sr Etsnnnunissflsns 'llsItit:Is {IUCV}

lJt'J'Ill pmtlitiss s trlrntsl nnnumnlcnflnn llnlt nhizh ls shtilnrh Itru:-Ilnn In 'l.ltI:Tt:,

hut tin-ssnsl it-Halussltnsrltsl I."fl. H is sssislals unlgr untlsr 'l-I'll, sntl sm ls-Is ussd

nnljis snltnssth-stlmssn Li'II.I.'Il insgss at ‘It'll! TGFHF sladts ii a sittjs iullul

systsm. Stuns prim planning is rsquistl tn snstlts Its] gusstshnus his right

t:i'st:tst1.r sufltstizstiutt ts msits IUC-‘lu|' ntztmtsslitnts.

Llts GTE: st|:rpt:n1,I.lE:‘Il' st.Ip-pnrtls lfilulnndsfltsthss lnnssn sttntristtstlinlns

ltsmal, fil"Il2It'.lH'I ha mmplistl nlfltsrmnnnllllisaly stars a nt:m:iuis_ Frcrn the Limit

ssnligtsrsliun pvsrspsstitts. it is sli stpsitt-ts-psint TGPFIP sttrnts-stitzin. so

4:-nn1lgt.nIllun lssuss ans alnsst ltisntissl in -ISTG.

Eis-sstlss lUI.':‘u' clttss nntltmlsts smulsts sltsltnsl ll'Cl. tssntrlnttsltss is hsltsttltslt

lull.‘-"I'll 'i|"fl'liiEI1i'lvEI ttistsrhas tlts sarns lstslt sf dyrlsnis uztnfiuutalisn as this GTE

+.’tl-Hr, Ihss sltnnn I'I'II:H'i rnsllsttsy snsitst htsnuptlnn t:tH|'ti nnnrntnlsstlsns

|:nIl1lhanflTE.

4.141 Dlltsr devices

it he fnllnwlng as-stinns, we clsnttss nfl1srnatIAinrltit1;t ttplittrls.

EIIs;Ist4.lIutmrln1gsnIItr;.Ihta:Iuts' T5



Cemmen Link Aeeeee Id ttterlretelien {CLAW}

This device type was efigitslly used In preulds Tt3F':"lF serIne::|i1.ri’q,r Id

eh-ennel-etteened HSIHWH machines but is new she used te eenneette the

Iilieee Ghennel lnlelfeee Freeeeeer {GIF} card- This weutd elhw tneteltettene

uehg d1ennel- er EECCIH-sltsehsel disuse reuterete |i1t: Li'ILnt egreleune cirentiy,

in erderte deereese Ite reeling path between the neheerti endthe Li'|t.IJI'.
Instance.

en esp-erirrrerttel driver fer CLAW has been -nrilen by UTE fleeel. leul hes net

been eeztensieelu pteuen. en slemetiue te using this driuerweutd he te use

TCPJIF en ‘u't.t te Iitit tn the i"|fl|"|ii't'.'«t?-t.I'E, then use lUCtI' te nemmmieete between

Litutt and '|.|'l:.I |:Ihis is illstrsled it "tfltl TCPJIP as e eituetl reulenf en page 53].

Either seen Tt.':FttP deeieee

There ere e number ef ether eenneetien types stllperted by Srflstlthsrdwere.

irreluditg:

p Ghennel Date L'nt: Central [E:EIt_I.‘3}, used to eenneet in Its IEH :‘:tI=*at4':=

tutuliereteeel Centreler

r Huli Peth Channel [MPG]. enheneed eteteeet used ferCtE.A{ner1-tltttltittend
heeuteet Itntea

- ATM and FEJIJI eses

r H‘fFEFt-channel H.220 deelees

h- SHALIt~l't [fE:P.tP eeeeee eeer EMA te BT45}

'I'I|hi|e Litter dees net netieelyr sqepert these eerlnestierrs. I is eessieie Ie use a

zftftnt er EISFSEIZI system teeenneet te them, endthen use GTGer |tJG‘u'te Intute

the LHIIJI e'_.reIem_

it seem cases I may be peeehte te reeentlgure Its herdweue In preside -:Ire-ct

eennestirijrte Linux. Fer exernele. fhreu are using the MPWEA deuiee type fer

eenrnmieetlen tltllt en USA it I:‘.!S.":!IEIII!|. [reu eeutd ereete en LG5£i-EihiliI2t|‘Ii-Di‘

use by L'I‘|ue:.

4.1.5 Hip-erseeltete

Hi:»e1fied«'.ets wees enneueed efterthis beef: was neerhr eermtetsd. se they are

enlyr rnentiened. They were deuetepedte preside e Itimlgr eueielete. hignepeed

nsttunrit eenne-etien erneng meitlrerne eperethg egreteme, eueh ee HOS tit Ftfler

leter. z."':"fuf t-"+tFtE er later. and Litlltt efstrieutiens tufth sueh 5t.|!J|3rIJ-|'i. This

integteled e|'ry'-te-ernr TGPIIP netwertw: eteeidee e listef henetis net eeltleuetlte

by geuphg eereele eremd azeee ‘ntemenneelecl by external netwentrhg

iEII:'-f'l'|t2Ib§If. See thsteleerite Wele site fer details:

Tfi Linen: en IEM -Elesner sseltee end sreee: IWIASF S-etuiens



http:.t.hwrn'-t.ttin.i:oI1.n's.er'u'e1's..'es.er1e1'.I'z5.er1estneteorirtngfhtperseekets.htni

4.2 Ftesillent IP addressing

In 3.4.2. 'hietwerltstru::1ure" on page 35. we show ways to create reliable

ph1_.-silzaloorneetil.-itirtorthe rne-Inloers of DLI penguin oolonp. I-loweuer. more

wort-t has to he done to preside resilient eenneelitritpte epplieatiene.

Analogy: A person who wants high availability telephone sereiee might here a

samnd phone line installed. However, without listing holh phone nurrtlers in

the telephone ieeeit. er iieteiiing en euipmetie diirereien irem ene line to the

other. the second line would be useless sinoe no one would ltnow to dial it.

in the same weer. multiple IF’ addresses here to be tied to ssingie erternel
ttatfaee in Liius.

Many met|1ods are atreiatzle is do this, including:

I- Di‘-l'S manipulation (round-rdlein. dy11ernie]-

h Connection balancing

Ir ‘e'iItua| IF‘ addressing

4.2.1 DHS manipulation

FI't'.IlJl'||.'l-I‘i1IlIlll'l

The DHS can l::-e altered to resolve name requests to muiiple IP addrewea. This

is known as round-rot-in DNS. The CINE zone file lism multiple EINS A reoo role for

the one host name. and [tits will issue eeeh address it sequence in response to

requests for that name. The ieliewing is an example:

enitnuxa [it A Ei.1.2.Eu-E-9

[it It 9.1.?.E-.Eu.'I'

The A reserds sen be specified in -ditiarent orders. or mu tliple times. ‘n erder is

weight the dillerent adapters and lsias Ilalfio towards or away Irom oertain

adapters. Fer ertempte, in the preceding example. it the Iirst IP address was

associated with a Gigat:-"rt Ethernet interfaeeend the second was a Fast Ethemel

inter1ace_ more izennestiore could be clireeted to the Eigaleit Hhernel 'nIert'ai:e he

iieliig that address more often than the other, as follows:

-.-nitnu:ta [H it Ei'.1.'-:.E-.tiE'

[ll .51 9.13.6.5?

[ti Ft ti.l.E.Ei_Euti

[I It 9.12.Ei.Eu§I

Chapter-ti. i«lete'orit'ngapeny.Iin more T?



IH A !3i'.IE.ti-ti'.|'

This eteelcl result in the address el the Eiigehi Ethernet adapter being given eut
teur times mere etten than the Fast Ethernet lnterteee.

hiete that this is mere seiutien Ier high eeeflnils. sinus in this medei the [this

server sannet ree1:t-endte theteilure et an intertaee, and ‘it'll eeniinue te senre the

address et a felled interface in resperise te requests. In the ettempie. ii the

inteiteee es.1ss.ee felled. teur eut et it-re eenneetlen requests is emtiemta

ere-utzt else fail.

ttnether issue he eeneider is IJNS eeehing et the eient. In erder te beienee

i:ennen:t'Iens preperht. these itsiellatiens rely en .speelIying e shed Time-Te-Lies

tfITL]-treit.te in the returned Elttifi reserd. This is ittended ie step stients trem

eeizhltg Its Di-is lntermet'tsn. se thet repeeted requests frem eilents ere

Eisflibttted aemss all servers. lthas been found, he-uretrer, that sense eisnt

epptisatiens and piatierrns ignere the UL tteiue returned trern the [title senter.

This might sense a periteuler elem te eertthueiiy request sereiee hem e

rten-peetetred interface s'It|J|tr beeatrse its first request happened te return that
aeldress.

Dttrtamis IJHE

iutalting Ite DH5 server rsspend te the state et ‘Interfaces and appiesiiens is

dene using dsrtemis Eiitis. The [it'~iEt zone is updated by edziing and deleting

l"EH;tEt-IIB en the fig aeeerdlng te teeters tteiunirig teed, eseieble epplieetiens end
interiase state.

iutengr selutisns ere peeslbte using dt.-nentis [ti-«IS. end I een else be e

peeeequidte te seme designs besed en virtual IP sdelresslnp {see "h"I1usi IP

ael+:iressirIg“ en page F9}. fine ertarnple weuld be te update the Di-ifi te add an

ed+:I'ess reeepd when s new hterteee ts edded er rernmred. h ts she peeelble te

integrate with nets.-ert; rnenegement utiiites te add errerneee l:ttttE reeerds

relative is the ameunt ettrattis beitg earned by the atraiiabte interlasee.

Lite the reund-mbit Eihifi epden, d'_.'nemie Eihis is subject Ie eedtitg ei Eit-is

retzenzh ‘n the sierrl. This rnestns that a slient may have at etdertsled eutsge due

te eeehirig etilthlfl data. even theum the |I|t'~iE eenrerhes been eerre-ethr Lpdeted

te retieettbe euts.-pe ei en spplsetien senrer. Aise. dynemie [this is net yet

stsndarelizeel aetefi ENE senrer inurlstttettiatiens. Fere:-'.at1p|e.I1e Bert-teiear

Eilhll-based Eiltifl sersergenemihr distriauted with Linux has implemented a

methe-dterd1,rnsrnie upchiitg e.-tech litters hem the methed used by the '|.I'hi

TGPIIP Dttfi sewer. Wltie these titlerettees sen be designed an;t-und. itaeids is

the eentptestiyr et the design-

TH Lintet en |Et‘tt -.'£Jesr'1.'er sssltes end srsse: IWIASF S-ettiens



4.2.2 Ccnnecticn balancing

It a cemechen-eeienctng ecenerie. en etttemel {te the Litu:-t hcete: eenrice Iieitle

inccming ccnnectlcn reqttccta and ccntcc Item lc the real cantata. This

epptcech is used it clusteritg sctuticns, and Is heecnd what is required te

pm-ride nehscrt: recitntzlency tcra eitgfle heat. Hewetrer, a sirnpliecl trereicn ct
this methccl cctid he used at a virtual rcttertc chars traffic ecrcec interlacee

even an a ahtje r'ntach'It-e.

Cine ct the great atlventagee ct fltie apereach is that it etimitates the prcttieme

asscciatcd wilt cacititg cl ccnnectlcn and DNS intctrrtaticn, since the IF

ettdreec cf the tiatrizttlitflh center ‘as used tcrell requests. Untnrcneteht this

came ieature is the greatest dzttetttatl. because it a citqnictic clecigt the IF

eu:t+:lrccs cf the +:ltstrl:H.tticrt senrer lscccrnes a sitge p-c'Itt—ct—iallure.

F-cl mete inicrmeticn cn this kirttil ct nzlesigt, relrat to G|'tapter'1fl ct Uttux lint!’

.E'5'£|'J"IiE|-5 £h|'i|-El‘ 3}-'3'9-|'.'1.'Dt|'-t'~=«|'.|1‘D«t.|'tf|'t'.'-'.|'i'»S:‘. 3334EH.

4.2.3 ttirtual IF‘ adttreeeitg

ciilfi and zi"t'|'I.l preside atacityr calecl iuiitual IP hddreaang MPH}. which

creates an address teihin an IP stacit thatcen he used tc isctate acpicalicris

truth the teiure ct an IP interface- Appicetictts hlridtc the I.-ituel attckese lrtsteecl

ctan intettace atltzke-cc. H a physical itlerface faie. thtnantic rcutitg erctcccla can

rercute traffic ctier clher acthre lntettaces. tttithcutc-|::eretcr ittenienttcn ct

ctttage.

Litutt crcttitlec e CI.l'l'imj|' rt-etercrit irttertace that can be used tccczeride a ciniler

feature. The n:IunItt5.I htettace has an IP address. but is trlrhtetly asac-clatecl witrt

the physical irterfecee cf the Llnutt hcst.

Supccrt fcrthe tlumrrrtrinterhace rnuet Izleertltleei tc the ltentel, eiher as a ntecille

ct ntcnc|iIhical1.r. the may neerdtc acid the dunner u:ie=r|cc sttppcrt tc trcur Iterncl

lsetcre ecu can use tt {cur SuSE ctlelrlsuticn did nct hates the tlrhrer etrallehte, sc

ere heci te huiltl itt.

I:tIttt:lttat.rtet1-reritiI1get+iItI.‘.I.tt1ctlet'It-' T‘!



'|1p: ti'_.rou here a Itemel oontiguretion file e'ueiletr|e_1,rou can ieeue the

following Izontrnand to check the configuration statue of 'H1e -Izlurriny I:|e1r'rt:e:

eat -reenft-|_f11e_n.lr|1 | grep |iLII1't'

Fiernerntiertiret en the SuSE i:ietrit:nu1ieI1.111e peeutte-tile ipneeieentig .3

eentei1e the configuration oi the eurrent|ter11e|_I3o«;:«1.rIhie geeudo-lile to

ar1o1i1e-rinoation antl unoerrpreea it to I:r|ota'I1 1i1e Itemal configuration file.

A dun1rn1.I intenaoe een he added to the reeilient oeeigr ehoirn "n Figure 4-1 on

page EIIEI. |orodut:'I1g a deaigt tI1at ail-I:rr.ra almoat transparent |:Iat:I-rup ever the

failure or en5.r one of the network oonneotiene. The in; ehown uiiih reepeet to e

elngle ljnux i-nege in the figure.

Figure :14 1-‘J'rtt.1a.I'JF' et1'-:1.reee.i-1g' ueiog o'orn.rr1].r irtterfeee

The IF eeidreee eeeoeieteei with the Lin ux Image in IZINS end o1herieu:i|iI'nee ie the

IF‘ -adr:I'eea reantigureti on the dummyfl intertaoe. L|a'I1g|F' routing. ineon1'r1g treflir:

ie eenl to this edcireee ueing either neihtertt interieee. lfene inlerteoe Ieile. IP

routing oen Ionlrerd the Irettio via the other interteoe.

flfl |Jnu:r on IBM ._'-_e5I:'-rtru-1-:SerieuaerrtiEtI':!EI-1.‘: |EF'.|h5F' Solutions



tiiihile the Irreritsferiiecrnirgtrefiie. my etrlnemtl treflie the Linux iretenee

generelee Ie eeeeizieted ilrlh ene erihe eii1er|:t15.rei:elinterteee.ln :.I'E.'IS end

1i"i.iH, Ihe Stilt FIC:E'I.i'|F'.e. eerifiguelinrr eqapert preuiclee e rneenete eeuree IF

pedtete trern the virtual etii;ireee.i'enitPurit§|ttrer1erJentierH:1.r en the phyieieel

detriee. when uehg SCIiJFiGE‘u'lFi|t, treflieerigiretee hem euirtuel hterleee

relherthen e reel hterteee.

Thie euepert ‘e neteteiietiie under Linuii ei Itie line. ed Tt'.:FiiP eeniene ihet

erigirietefrern a Linux iretenee ueirrglte elrmnry ciritrer nil teil ithe itterteee

theee eeeeiene erighele en lele. Fteter in 112, ‘°StZiUHI3Ei.iiP.e. eqirltreierrde tier

Litur‘ en page dill! fereiieeueeiizin ehetrt hen life rrliight be pre'urii:ied mder
Linnt.

4.3 Peeket filtering end Hetererk Addreee Treneiatien

twiflrevfltreuemmetereureenqnrrhrtetedegfehtflnetnundfieumeeepeeed

te'rrtruderetn:irn the euteitle. There are theuearicieet heieitereji.iet weiiiru te get

into 1.reureen'q:+nterte de dirnege er, pernepe, eteel i1ienneiien.‘r'i:er need

pruteeiien eneiitel them.

he eireedyr rneritienetl iierdenerei neteeertrhg. eur pertguit eeniengr ie ne diflerent

trem eepere1eeereer'e_1her'eti:+re, etrpengwie need re he pretei:-led elee. There

ereetititienel eernelieetierte it e perrgririr eelenf. Irerretrer. beeaueereu are Iii-lfiljf

te nine rnen'_.r different nelIrr=i:r'Ite»—1:r-:+eei:iiirfertliItererit1:treteiTiere—+eii enaring

the eerne ‘UH system. Her enly deee Ine penguin t'.‘l:IIt'.Ii‘I'_||' need In Ire pnatecleri

frein errtfiitle etieiclt. but rneinhere efthre penguin eelenjr must be preteeied trem
eeeh e’I'ier as well.

Ti1ie eeetien hlredueee ii1e iF'Td:i|ee utilise, nhiizh eentrelethe Heflilerieelureeef

the Lirui-: 2.4 Iiemei. itietflter preuidee uery eireng lreitir: Ilerhg end lrmeleIiei1

eepehiitiee, end in ei.iiei:Iie tereeen eerne etnerteediienrelling relee irieide yeur

penguin t:e|:irn'.

 
4.3.1 Whelie peclretfiflering

iteyreu cert teltrerti flrenarrre.peeiietIieri1u iee meilre-deflieriig daleecrnirg

te 5e:iureerripi.iier, end is ee+nrnenlI,r Lreed i'iI|I'i-ii|.|'El||rTl:IH'I'III'I1HfiII:It'I5.

Ehe,crerat.iIutii-eririi15iiairrIItr;r.ih1i:a:iItIi11I' E1



Eteeauee everytnetht wente te eerrinunteete. eeener er tmeryeu neeet te eenneet

treurprltrete rtetwert-t te the Internet; thie hee ee+:::urit.reenei:lereJi-:ne.1.:'.'tth eetttet

filenng. yen nen 'rnn|emenI etlrewell that nil pmtent 3.reureernputertrr.t:n Ite

eetetde Iererttt. the een else use etieteetl en en eitgte eernputertetieh. fer

eaternple. le eenneetedte the ltternet threngh e Ell-HI-l.|Ir ite.

Wlten yen tnetell e ti'eere|lte preteet 'y|'t2IlI't|‘tI_ti|‘l'IH|l‘IE1'tI'tZt|'|'|I. etrergr eetemel

tzenqnulet Ihel tlterle tn tel: Id EC-I:Ill|:II.l|IEl eh the itterftnl helltttttt tnuet ask the

ttrewel terpernieeien. If the p-errnieeien ie net grented. eeeeee ie deried.

4.3.2 Wttet yen een tle tetth Linutt peeket filtering

Lleitg Llnutt p~a{ltet1'|Iet'ihg.5teu -een de the Ieltetmg:

p Freteet yr-enr Internet netwettt, that ie eenne-ttett tn the Internet. tretn euteitle
ittrnttere

I- Pertetrn hleheertt Addreee Trehetetien {tt.tt1"t. ttttteh ettewe

itternelyt-nettnected eempntere wtlhetteregietered Internet edtteee tnreenh
lntemet reeeureee

n- Flter the inferntetien eeittg in er eut et treur itternel neheettt ter in er eut et

iuet eneeempuler}

I- Uee 1_reurL'I1u1t eenteree e qeten-et,r bet-neen tee: dilerent Iyp-as at nehnertte.

tee example. eenneeting Tetten—Ftine and Ethernet werttte:1t1i5ean he at eheep

eeltrtten tn eernpetleen tn t:n.Ig.rhg an ettpenehre reuter

Iv Elnene treur-:Iel-L1: Ittemel eenneetien nriltt ethere

4.3.3 Planning fer peettet filtering intptelttentatiene

It this eeetien, we ehetn eerne etthe pewiztlve deeigteter netnefltitg

intreetrueturee need let petttet Illeritg ittptementetlcne. In enrteet ernieenntent.

t|hEInE|'lt'E'_I.I'$ eeetrne Ihetthe GSA 1:.-erd lennnttgured tnpeee ntttrefltetne 'I.t't.t

gueet. net iuet Ite predetited ettttrereeee

I'| the USA eertl. erthr ene IF’ edtie-eeeen be defined ee the prtrnertr reute {ueing

DSNEFJ, 'tII‘II'.‘-|'I rneene that this edtzieee Intll neeettieuglt ett |:tee+:ete—net |uet

the padtet 1-r'rtI'| the Izleethelizrrt euzldreeee ferthie IF .'El|2I-EI'E5Et. When the DEA card

iedetirtett te here the prirnenr reute. neete-eye nee e ‘ttht Lirttttt greet es the

entry pehl terel heflie.

I'| the felletrinu erterrtplee. we dtew ateettitterettl eppteeeltee fer setting up an

intemel neheettt tertreur tfltt Linux gueete.

HE Lintnt en IEM {£35-E't'1.'t3t' efireltee end ereee: IWIASF S-ettiene



5iI'I-QIE I'I!ll.IE-l"."I'I'B'IfEI| with flflfl !Il|"'d'El‘

him sxuarumn shnzunn In Fngura 4-2,-Ira have aainwja Li1Lut ‘mags Inhl::l1a::Is as
a mute: and firarrral furtlw Linw. aarrarnn an hlarnal nahwrh. In this case we

|'|uI|.:'a+:rI1|jfI:rl'IvEmEIl'|u|-Ial‘.

_a—'-

WI Llnux QuasiX’

X Lnnalnamut

.-""'-

F.i,1um-I-2 Smhmurmflranaflmrpiunmflafim
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5iI'I-QIE I"I:I'I.IH'I"fl'-I'B'WH|| Him DIII flfl D-IE EBNBF

I1 ha a::anaI1n shown ‘:1 Fgura 4-3, are use a Dauirtmizacl Inna {DMZ} ta I1asI

ear Wahand mail eenrar. B‘-eaauee the DH! ia heated an a eeparate interfaea.

me eiher eanrarem be prelaatad [rem eectarnal treflb.

F§§I1.I'rI-I'»-»5| Emgflmflflefiaflflhfiflfl-E

B4 Li1I.n:-en IBM flearvar :3-eI1ea e.rr;l$1'3$IZlI: lama? 5e|I.i:I1e



Single muarfli-awall with main BII'HH‘E

I1 FigLIvaH,waLmaaai1yaLimu:|magaa5a rnu1aI:‘ri*anIallnrnrnm.aanrars_

Flgnrrai-«I Ehgiamarmflhmaflwimmwuautuuars

I1 his s:;1am.riu,aad1 siarwr isunnnaclad in he mutanfimwal viaan

|rIdap~andan1|r1tarIana.This nmmafut wacm uuntrnl panhat rrJLIi1g i1 aL|n:h H

urayriwatnrlymamrmnipadtalaamhahglmuwdadlnfliaaawara For

axarnpla-. web can hlndc all htuanln;-as! tra;|1i:t+:+ r.':Lr sanrars.

Trial-:i1::| ¢la1:ulI.rIh:uI1 Iauftarl used when allaanrambahng tulha-au'rIa awnar. I’:

ma 5h‘.'::EI‘IEJ"IIZr, we cuuhl also Irnplarrumtfua DMI lint sarulnaus Ira! must he

sapamladirctn the admin.

EIIn,cIn:4.rIutr.u:rirh15|nIrII'rr;p.Ih1:a:Iun:' ii



Twe-layer reuterflirenril inqnlementetien

it he eceneutn shown it Fgure 4-5, we use l'I'I'-IZI- layers at mLteret'|'|rewele_ The

firut-layet muterffirewall is turthe tn:-hurl Internet earmeetien that aenree the

second hgrerel retttererltreerella. The eeeend-layer tieenalleele need ta leelete
eenh Ieeal netwed-. tram the alters.

Internettlntranet

USA

‘I.r'lu'| Linux

Fteuter!FireweI

‘lflul Llnm-: 't.I"|'u| Lhlflt

FlIIZJIl.|tEI'.n'F|I‘I.E|I'-|'I'fl|| Fleutert |"II1tmIEtJ|

2..

F.lgt.treaI-5 Tim-.I!J.-ur:mH'entt'rewaa‘tm1piemenIafinn

'I'I"li'I $'|..l¢h fl eululien. WU litithtridfi an 'I‘td-EI|:|ItI't|:I'&l'It I‘IHt|'¢IlHfflrfi&d‘I EIFIHI eolerur
flILi1lE£EEWEflThI'EDflImEEtEdtDfl1HflutEHEWDlHD¥Efit5dEdi:atEd

mtlerfilrewel. Alee, rueneetthe eenrere it the heel nehvetlt Itlerteree err. the

others. tueeeuse tt ls emrnetead tn: the mutamlt tte eern interface.

This eppteedt is ate-u needed to irnplelnent a big l:EIh|'I'_||' ef aenrere in the

ehgie-he: eululien. fin Ihetiet mmerfllrewel. weaneept alltrelflt: Iremthe

I'|lfll'|'lEL Eyinpimnettfinqpedtetfiteritg, we can get rid utumeuemrjrpafltets

fi.e., |:reea:l-eaatat and peas entyrpedteie that are gnlng tethe aenbee an out
earl.-ere.

Hi U1|.|.'|l'fJ'|'I|Ei'I1 Ifl=!El't'ErE$I1Ii5 a.rr;l$1'3$IZlI: |5F.I'FI.EP5utI.i:I1e



Cl-n the aeeentl lai.rer.1.I.re aaparale aenrare emeng tlitierani ewnerafer ee-auriI1_.I

reaeene. [in the layer. we ate: telie eare that the neeleet iraeeliig ie a particular
eenler deee net hi the interiaae ef elhereenrere "n the I-:n::e| netw-all-:.Wi1hlhie

irnplementalien. we enetire that we tienet ii-elite up any late eeniere witheut geeel
reaeen.

Thie appraaeh eleeeirnpliiiee the managemental the Ll'I|JI eeianir inaitle the hen,

because the eenneelierie have te tie predefined an 'Ii'l'.'I eincl else it Linux. Ew

separating each aareat it email laeal natwarlte with Ia awn reuteriTirewell_ 1.rau

have a manageable nunlzieral‘ eenlere {fer eatemple, u:leI'I'Iing 4::I:nnet:l1'n:-he II:Ir Ien

een-ere in the reuter ie n'iLIi:h einipler then defining es:-nnecliena ler hunelrede ef

thernfi.

4.3.4 Haw paeltete travel ihreugh a gateway

In this eeetlen we will explain hww IP Tehlea went. ‘lieu een eee the path at a

peizitel earninig inte yauraewar in Figure 4-6.

 
———

Figure cl-E Heera ,i:-aeziiterttrai-:e.fe

The fellawing liet gives. hrief ttleeariptiane at each stage:

Itteetning peekete Thie ie where the packet enterethe mtewefir.

Hauling deeleian .-Inthie paint. the liernel deeielee whetherihe packet will be

forwarded to another interlaea. er 'rl it will he sent it: a local

praeeee.

Input chain El-el-are the peel-tel gets 1:: the leeal pr-.1-izeee, the kernel

eheelte the nilee in thie ehai1 egainel the paeltet.

Chapter-e. l«leterarlt'ngapeny.Iin etlarg B?



Lesst pre-es-ss These are qapttsetiens er preewses runnhg ertthe
server.

Dtttput shetn Belem s tlfildeet Iremthe Ieeel presses ‘s seretsthe

eutptut ttterhse. the kernel sheetts the rutes it the ehein

egelnst the pedtet

Ftlfit-Itil sheln Pedtets thet enlgr ueuel tI1t'e-um the reutertrern en-e

ittetiaee In enetherene eheelte-d egeitfl I‘Ie rules inthis
she'll.

Ettrtgstrtg pssttets Thls ls where the pent-rel ettlts the server.

As ]|'|J|.I can see frern Figure 4-5 en page 3?, there enethree phces uhere yen

sen ehedt the peettets it esur senrer:

e Inputshsit
r Fertrrerdetteit

I- Ul.I.'|:It.lt:hai'I

I't 11.2.6, “Ushg IP TsI:Itee" en page 256, we explain hear he use bests |FTeI:tIss

rules In fiterIIe1"fI'I= In tn:-ur Lhut: instenss

4.3.5 I't|tettn't.'tt'IIt Address Trensletien [HA1]

Neteerlt hddess Trenshtien [|'~I.hTft is used Is translate the seuree erdestirtelien

eddress et the IF pedrets tretreitg tttreugh the gateway. fltreu are using at Lirtun

retnenttlretttsl tn preetde eeretestten between the Itlerrtet end It Inset LAM, you

sent use HAT te eenser-es IP addresses. The retnerttieetetl uses s reel IF

eddress. end te etrstd trrestitg reel IF eddresses ter the nteehlrtes en the LAN.
MAT ts used en the reutet'.tIIreweI te slew its rnerhites en. the LAN ts use

private IP addresses {'|'U.Jt.:IIJt er te2.1EB.:r.I] he eeeess the Internet

trettseersrtthr. The users see ne ditsrsrtee test-seen prluets and reel IP
addresses-

'I"t|hen pedtets ere Ieenritg the LAN. the reutentlirewel uses |*t.|t.Tte repleeethe

ssuree sddresset‘ the erighstitg semputsr wlth Its seun:e eddress. The

destirrethn L-emputer repies heuztt tn the mute ntlre-eel, end the destitetien

edekess is ntredtfiedte send ttte the sernputer en a prnrete LN-I.

There ereitree basis types et NAT:

1. SHAT {Seurse HAT} — it this presses, the sstrse sddress st thetistpsstuet is

nredtlied. ENAT "E eltrrejrs dens egtterflte r-eulinvg. just ttelene e |:IsIe|tet I-eeltres
the reutenflireeretl.

2. lZtttt.eT :[lZtest'netien hI.e.T} — In. this presses. the desI'rtettsn sddress st the t'rst

peslte-I "H rned'rfied. DI‘-I.FiT is etwetrs dens defers re-.din;t. jtmt after a pedtet
enters the reutenttretsel.

HE Lintet en |Ea‘tI -Elssner sesltse end $1390: IWIASF S-ettiene



3. t-hsqueratitg -the "s a special term st SHAT.

We deeuss each tree in greater detail in the telesritg seetiens.

Entree HAT {SHAT}

thtith SI‘-MT. treu ehsnge the seuree eddess at the p-ssttet. T'his is dense tsetere

pad-rels ere sent out. AI ether preeeeees en the reuter {reu1|hg. pedret tlterlhg}

tlri see the p-'ElI::t-:e-t msllsllgsd.

SHAT is Lrsed teehsnge the address theta padret eppearste eemetreru. This is

usetul it epplleetiene lies server etusterlhg, where Its IF‘ treflts rhust sgapeer ts

uI1't;|irIsIts lrelh Its sir.-ster IP address and nut from the irldhrirzlisl ser1.rer1i'Iet

handled the request.

Destlnstien HAT {El-|A1'}

Elestinatten l*thTin1.retres atleriiglhe destinatien address et the padret. This ean

he used it ttrteh proxy sf.-eleme, where a there] er rertertrertspenerrthr re-cieets

a request here a elisrttte a seehs system en yrewtesal rrsheertr.

Ett-MT is dens iust alterthe eaetieteerhss in. All ether preewses treutire. eeettet

ttlertrrgt will see the peetret w'IJ1 the deefrreuen as tree hare elered "I. This is

irnpn:n1snt. because it the pedtet Is reeled |sn'erte IJt~Ie1'. ttmlght he sent is the

srrerrg interiase fer the dtered destiratien address.

masquerading
This is the spesisltzed eersien et EHAT It Is usualhr used ter djrnamteettyr

efiglred IF‘ addressee {tere.rerrq:rie, uzttsluas}. 'tI".‘|th mesqueratlrg. we de net

need te put in the seuree address: "Its-teed, the seuree eddees ef the irterfaee

where its pad-tet is geihg e-ut tell he used.

See11.2_tt,“Ueh1g|PTebieeIerHAT'cr1 page asaier e deserhzrllen st rrerr In

use NAT and here is set it t.[2| using the '|:Ita|:I|es test-

4.4 General netrrerlr senstderatlens

I1 "Te|tr.te I_.~eurtrien:I1.r nehrertr etetl" eh page ‘re, rre lrlredused the idea at

niseussitg sermeettriy issues wih the rrshlmrlttssrn at Ffitlitfitflllflfi-uh. This

es-etien intre-dueee sense etlte issues that need te be addressed durtng these
fleueeierrs.

I:tIsFlItai.t-Ieh-rsrtd1ge|:rsItI;I.IhsclerI1' BI



4.4.1 Hsw psnguh hsrding is :Ii‘fsrsI1t

Fur nswurnrsrsiu ms :;=:Ir1r:sph:+fI1.InrI-‘I19 Lirux gussis undsr "-“M, flls idsa of

vitusl nshusfltlng ssnnsdisns hstwssn gLIsst:s can hs a bi +:IflisuIIs gasp.

Whlls I1 is pusdhlsis ya-sa nmiansrnr jFEIl..|I' Llnux hstsnsss sussm Is Ihs

rrslmriuis-::t|jr.I'Ii~s1sn:u|:lnnttrsrrIal¢i1{,]sflir:isI11 usscrlfllahardwarsandlhs

srthissiurs. Thrsum he use s1 virfrraf rrshuurhcirg. s Isrgs u'rn:ILI11 :21 ‘ms

nsrwsrit lrmfrsslmnium Iracifisrusly prsssnl In assnnsrtsrm can ha s||rn'na_Isd_

 
I1 ssms I.I.rs1.rs.ssnnssI1~.ri:.r Inside sp-srrguln salary lsssmswhst sssisrthsn i1 s

timrsts ssrusr snuirmmsrl. Thls is hssauss nsrwsrlt nsmssflvflyr is sssr

mrr-hrlzhsdcasi point-is-psirlt i1ks. which h-sins malts I13 smrirmmsnt mars

sssurs lhm usim plurslssl L.Ah|s Ths mullng irtsslructurs um Iznsssrn-s quia

snrrq:ssar,hsIrrs1rsr,I:+ssa11ss sl Ins mninsrnlpsirl-is-puhrt Elks H‘fllltI'I|.l5l hs

rrlsnsgssl.

 
'n"I.fhsn dsslmhg 1.rlr'tuaI mutlng syslsms hrs psnguh snlsrqr, rsrnsrnbsrts tram

1.r‘rtus|rsulsrs flrs ssms wsgrsns rssl rsutsrs whsn ilussrrhss tsdssimhg jnsur

rmlhg dsmshs.

‘virtual nshrnlthg nan Ins u-lsrrscl tram a nstwnnc psrspsclirs, and Imrn a

prssssshg psrspssivs.

'o‘|rlus| nslursrldng frsm s ns=tursr|( psrspstrthre
I1 ynuruirtusl n:rut'rI+_;IsrI1u'1'r4:rInsn1.I'rs4:|s1a'is-sas snd Iirlrs hslrrssn uirtusl ssnnsrs

url Ins [ms-I|sns|l5.r iclsrdiaal ts rssl anus. 'IJ'|r'tuaJ nshusflr dmrisss hshsssjust Iks

rsslr.‘ls=ri::=ss dI:+.mI:Itl1srsut'I1g dsnsinrirtusl mutsrsisrnstzlii-srsr|tfrsInrsI.rl‘m

lnaphysisslmsdrhs.

I1 sddrllsn, hsssuss msny bash: psdrsl-lllsriu tasks ssn has psrlsrrnsrd In your

Li1u.I:I‘i:rI.Il£I1'$. ysunmswitlihs rrssdfsrslui uhmsmslfiswslsqulpunsm

sx::s|:I1f::r lidi-ssswifapplisafisns {as msntisnsuzl prsriulsslyj.

H U1|.|.'|l'fJ'|'I|Ei'I1 flssrrer :3-II1i:s s.rr;l$1'3$IZlI: |5F.I'fi.EP 5s|I.i:I1s



This is why. itlten uiesigrtirtg the netwurtt surI1eut'rrity,lhe dtuiuestu he rrrstie we

no tiierent [turn the ehoioee Itet et-tiet in Its pityeioei world.

tiirlusl networiring irom s prooessing perspective

It the world oi physioel routers and networire, lite sertrer people need tjtre no

ooneitlersiien to the t:Fti eunertned by routers ens netriurlr equ|pII1iivI‘I1-'|'|'iiii test

that a router sulusly uuntsits s CPU and perfume wurit is utterluulted by

everyone etroept the neutron: people who stpport Item. And etren netirroiir

p-su:I-|:I|Er 'wII disregard lie foot that a modem also has prooessingtunotion and

requires GPLI [urpsrltsps some snslug erguitrslertti.

it your penguit uuluny. huweeer. ruuters srnd like are trirtusiizedluy '|.iltl. end

shore lite GPLI oonminrizuiiort oi the penguin oolony. This moons Ihetyirtuei

rt-sIi|iE|i‘ii iraiii:wI oust reel sirsles it you srssu prussssor. .i1s-o,s1reIy eirtuel

interieee defined rill re+:|Lire butter speiue. end this will ertid up utter silthe

rriooliiies it your penguit oolony.

So this is perhaps the most important ihingtu rsrrtenluer in tennis ul nstwuriring

your penguin colony: in return torwhel you save it terms oi‘ pltysioel netirorlt

eqtqinrent {rouIers, sir.-itolteo, rrolworir. portsipyou have to giye up sorrre 5.I':iEitII
pruesssur and rrtsrnury sspesity to run you’ trirtusl i'iiEi.'I'l'i}l'i-I.

tl.tl.2 Dynanis routiig

Ftinust sll lsrgs Tt}FilF netrrurits ludsy use some ltirtd ut dynernir: ruutirg to

maintain surtrteetitrily. In our penguin ooluny. we most interest with the rest oi the

network end pet1iol::eie in the routing rierzisions Ihei ooour.

Eiyrtemiu ruutihg inirultres routers e:-tdisrigirg ‘ltlurrnsliun sh-uut the state ullte

n-etworit. Seyersl proluools are used to proyids dynernio ruuliltg. irteiutitg lite

following:

I- Fiuutitg lniurrnsiiun Frutuuol {FIIF}

This early dynernio rouling protoool uses dili~ifl1I:I'iEI-'r'Ei-i:it:|i'i:'-HIIi:iiJI-fl’lii:|i'iE’[t:i- iiuild
rt ttiew oi the router networtr.

- Ilipsn Shurleed Fem First {EIEFF}

This iiitetete protoool uses the stems oi the lirirs hettreen routers to

eel.-.-uiete the shortest peltt between endpeirts.

r- Enlisrtued lnteriur Eistswsy Huuiitg Frutuuul {Ell-‘ii3P:t

[ietrelop-ed by Gieoo 3ysterns,Ii1is proioool uses it proprietary eigorlttrn

nliielt uuntltites benefits ui tiistenee-1-restursnsllirtlt-stste sigurilims-

Ir Eurd-er Eiatsiuay Protocol {Eli-GP}

This ruuitg prutueui is used to preside reedtsuiiiy iniurrnetiiurt uetwe-en

|3iIilFHi4i.i'|ui1t'ut'iii1g llliti|‘rQ.iI1 uu|ut'o' BI



eeparate rreiarerke, aleamg eemeefiefly betareentlwem '«'rtI1eut e.'e::ha.I1g‘rIng

tegele-gy lniermellen.

Inferfer gelenray prerecefa ene ueuelhr need with El‘: ergerizallen le preaide

Iigh leeele e1 lIIr'l'lEII:Ih|'i‘f haiwean various pens efiha lntamd net-.eed-:_ HIP,

EIIEPF and EIGFIF are all hterier gateway preieeele. Exte-riergeteaeyprefeeeis
de neleadwerugetepele-gly i1iennelien,erIu:leeeud1 ere ueediee-enneei netvreflce

|:reI-:rr|ehgIe clflferernt erganlzaliena {such as a eempernr end Ihei ISP]. B-GP Is

an eaaerier r+:Iut'ng preieeel.

 
The exaet math-e+:l ueedle '|n|e-rrl-e1uI.nJ-rH“1.nJIur|:e-|1gLIi1 eeleny 'n'itI1 I1e rest ef

yeureerpemle en:iFere1Je1emernet'n~er|t wlll eenr, depenchg en a nlrnberei

ieeflfla, irreludirlrgz

I» 1he|eI.It'l1gprele-eeIeunentI1.'i1 Lleeiureurnetwetk

p Theaflmeelngecimmueed hlrmpenglhmhnr

I» Hear 'epen" me L'nuJ: iietaneea will be

r me eamediuity re-qu|ren'IerIta eh'eureuetemere
h» Is-elelien I‘reme1hereueternere

I‘: he fellewlng ea-etlene, we p-rafi eeme eflemeliuee encldeenrlae ‘Irin-H" te

Lmhg Iheae altemafnea ['n"rtI'1eutgei1g ‘nleiee nnleh detail}. The ebieetive iate

endnle teehnhzel reedem we de net have a huedcgreund i1 netweflang er reullnrg

to fines: issues with he neialeflclng panels at Ihe‘ri1eia||atlen_

Flflulilg domain

A reeling de.-eeie la a green eI' nelererts I131 mare rnullrug hfennelien.

Gueneralar. all rellere ":1 a given deme'm een reauzhalle-|.'hernetweflm ‘I1 thai

+:IerneJn. 'I.|'I.|'rtl1I1 e mul1gderruei1.hter1+:u'mtewe3.r preieeeleere need he preeide

me sharing ed‘ reuthg hfenm1|en_

I1 F|gLl=e 1-? en page Efl,fl1reene1w=ed«aeteehevm.Theee maybe aeperele

myI1izaJi:me, enzluislene wiiiln a single ergenizaflm Eeeh el me rsleuch

repiaeeflaamulhgdenah.

Li1I.e:-en IBM fleerver :3-eI1ea a.rr;l$1'3$IZlI: |5F.I'fi.EP 5e|I.i:I1e



Netwerii A

 
hietwerit C

Ftytme -i-? FI'e-tJ:lEI1ye'err1eEne

He-uting tternaha -can he used te senlrei tI1E1||ZIt|.| at reulitg inienhatien in a large

neturerit. tZIr'|'.'IEt1t|IEIEr1 netwents. Fer enrarnpis. a large earnpany with netwerhs ‘n

cities all etrerthe -eerld de-es net needte have cempiete sharing et all reutinrg
infermatien aeress al reuters.

When devices "rt separate dernains wish te eentrnunieate, same design werir is

required. I-r:|ea||5r, yeu want te all-rt-1.I.r eennet:|'|I.rit'g.r as required. I.-I.I'rlheut ettehanging

tepeiegtr ir'rtenretien..er1 errlerier geteuretr preteeei is used in this reie. Fteutere en

either side ihierm each ether aheut the t'rel'r.-ettts that can he reaehetzi, rrritheut

e:-rdranging the detailed interrneiien presided in itterier reuiirt El ilreteeele.

In the example shetrm in i-‘rgure 4-1“, eenttei at the reutng derneins eah ailew

nnntmunieatian beta-.-sen i'-ietrrrent A and hieiwerlt E. and hehrreen i-letwertt E: and

NE|h'|'Cti'II[ E. but present idetwark I3 them being used as a gateway between
hietrnrertrs A and E.

Chapters. i«ietnrerit'ngapeny.rin were H3



Dimming E muting prntucnl

This prucnss nrsrrum ha dnna i1 ‘mlalinn 1mm I113 natwurtmg pa-npla{ra1artn

‘Talttuynurfflwnly natuurhatatfm page ?tJ:I.1tu wahavaidar1tiied.1ur

tun-my mmmntmflm to take place lnapamguln r:a1uny,a»:u'na i1ta1'an11n11 must

tales plans batman 1119 panqLi1 cnlmrgr andma mnsiia |t111is hnurudary is nut

are-||p|amta+d.c-u|1nan1itrit1.r with-e unreiahta £tl'l'l'|H'_||' not even wur1cata1|.|n the

t|.|t:rI'5t man, a pmrdmdgt could name pmhlarna i1 nlmr, aaunlrmr mraalaland,

parts at that natlmrlt.

 
Una way a1atn:tI:i1g auuh pmltlarm is to use that same rmmn-gpmm.-:01 lnnizla

111a |1+E1‘IgtJi'I mtaruyras '3 mad utlsfla H. Thh hasflwa tmnalinf unttcnrniy earns:

the wlwla nat'rmrIt—a.n+:I it does not nauassatiy maanthat the |:rangui1 uulumr

has tn aatdutga t:::n1:Itata natvrnrt: data at-I1 Iha rant 111111: am.rtr-unrnarut {tar

axsrnpla, IZ:I5FFa1hw.-a+:H11araI1t1tu1nI1nmn415 S'_:.mtun3{A5}wflhi1 anarn-nrlnand

this can tmusudtu rrmaga rti1U1ilflt|';|'t!tEIta~'!J.'I'IliEE|.|iI|';|vl'I|-15121111.’-HI buuatzl in

nrnallar nahmarttn. at nhara l11a+m:maiatarI1:;.r uf uahg a single mtfllngpnzrlscmnt is
dasiahla

Muflwrmaflmd iatt: Lise adflamrpmrmt itatda I19 |:uang-u'l1 ::a:Ituny'1r-umtha
ma hahg uaacl mlalda, and henna flta Iiat mutara I1 1113 natwmtt managa flta

humdary pnxaaaahg.

I4 Li1I.I:I:-:Jn|Ei‘n'| flaerrer :3-Iltis a.r1d31‘3$t1:|5I"1.t.EP5utLi:I15=



 
The tl1i1:l mind is to use an aurermr gzirenuy p-ruramf baiwauaniha pangluii
mhnyandma matmhanflwarhfiishanadauhnaiirw pm1aLmm:+daI,

hut hmiha afia-ct of rmtnplualrflulcirm flue natwuzuits. H is useful Inhm flue

parrguin mIunI_r rIau:|I.I'l-as aI1.i1iuna|aa::1ri1r.urilpanuui1sfrnIn rnurtipla

cuatcunlra are aharhg i'I'f|'fl:5I]'I.|fll.I'i.

4.4.3 llalng Iha {ISA with IJfl|.lI

Mmyrdfluun mn1'|gum1lnns an puaalala 'I'I'I1h USA amptara, |:+LI haainnly nna

I:IHI.Ia:rdri'I.rar$ wil be uaaad: Fural D-5H2+:Ian:h.I1a hsmkirwis u=5=aH:|: for

USA-Exprasshal Elhamuai cards {mu hm ad1ui:a:]i:u can mama Ina driver

In nnn—CJDIII.'I MUSE} ma+:la-, or he I:-niitrhaflaan aims qafl1.c+a|1+:l qtiumlrhrars

in Q-EIIIEI iurflfifl} mode. Furilflh-E::pI'as$ Hi-uabit Etllatrratnarth. than

4:-uniaimticrn nl 1113 qatrl md qdh: clrhrara Eusad.ha:aI.naI1is I:-ard-nan nnljrba
rm I1 um: nude.

 
'|"Iman inflalim I:Hn'|:ru1'H:rI1E. Illa ::|ri1.rvar'E+::hI:I-atann based ::-nihna Iype U1

natuvarlcl1g5n:uapaaI5LWadauu'haI1ifi|a=afl1ata1inpnnaJiInr5|IEE

+i$11'1hI'|.-l1|I‘.'IIl‘I H1 H53 ‘;I'l:IlI 'I'I'flI'IttI:I' mndtly fllfi I'IiH'|u'I'I|:Il'l'|:h[1 -I§i‘I'-'I!IIl‘h‘lplIEII1'I:IiI'liElIi| El
irlfitaltin-E:

EIu;Iw4.rhtrnmIgupI‘ru.Ihu:Ium' ii



‘RE

I- rets'rnsdulss_ssnt — H ere ‘_iit3Itt sssssiete Its netwsrir dritrers [e-g.. Isserqeth}

1-rithnehirsitt inteiteses:[s.g..e1hI:I er trttt iris the el tas sleierneht. When using

the 2.2 kernel. -.Ieu abs add Ihe parameters Isrthe appropriate netwerk dritler.

- ietstshsnde1.r.esnt — H ere esu sp-ssiir Its parameters fer the spsrserists

net-esri-t driver when using the 2.4 kernel.

p retsrrsesntig - Fer the su5E didritiutieri snly. this is where t'I'i£Ii't1_.i' hnssrlent

nettrrsrtting trariaizlss are set. Epssitizaltr. these are astsls-ris:

- HETDDNFIG - The number st netneitt serds: [e.g. t-iETi:t:i'i F]ti="_tI" tsr

she. |‘IlETE|JttF1EI'_|I| _t'' for ten}

- |P.eDEiH_st -The TEPJIP sddrsss tsreesh intertsss ssrrsspenditg ts _;-i

[e.{;.. ter.ese_s-"s.1e.e.se" is the IP address fer the first lntertss-s_;i

- h.||:'TEIE'I.I'_:-r - The detrise er interfa-se name for each interface

ssrrespsnding ts _:t -[e.g.. tiETttE'i'_1-'sths' is the device Isr the sss-end

httsr1sss.]-

- |F|:|:t||"-|F|'|3_:I: - The parameters tn he passed tn t|'ie tfcsnftg edrnrriend

[En.g., [FI:IC|HF[|]_I:]-"!iI.1.2-E_!|'Et hr‘-sadi:asL 'E|.]E..'I'_2E5 netrresk £'E.E-.25!-.£'E5-.ICI

mtu 1-is: up‘ are the 1fsnnfigpsrsrnstsrsIsrthsfirst|nIsrtsss.}

Fer details en the dri1.rers' parameters. see De-i':'t.'e Drreers and trrstatletisn

Cerrrmsnds Fsr 2.2 itsmsls. the manual can he fsund en the ‘-‘list: at:

in-ui|:|.1:i;-"'.iii.:'re. itlt.|:|:fI;rdlUi'1DiIl?'I'IJFh:5fl'D:i'n£uflUFtIE.|"|irljI3';:|_|'|j|l2I|j,l'l2fil1|:lt.il:il1-E'.E'.$t'|;l'l-I

Fer 2.4 tserrielst itsan |:Ie tsund en the Web at:

imI1£I.ss":iiIare . 'i "at . i:-:ui1.":teI.Iei-zsie-'i.~:urits.|'n:d-enssu n:e.ti1'rufl§|[I,-'dsi:nen Let. i n:r1- E- I. . st'.Lei

USA Address Tshls {DAT}

The DEA hes a unique design that el|I:u.-rs it to be assessed by rnul'q:Ile LPAF|s er

'itt».-t guests simuflsneeustir. sssh 'n'ith a different IF‘ address. but stteshitg its the

sense shy-sisal LAM. This ssereting rnsde st the DEA is itnsurh es .s.Fre!red reeds.

In shared made. the DEA Ftddrem Tahle [DAT] is requied te pr-::nri:|e a mapping
between hsst devise addresses end nelwsrit IF sddresses. Th is silssrs the GSA

ts send IF‘ peel-Lets ts the serrest LF'.fi.H er guest.

Unusr an IBM .j_:5Isertri- zasriea .snsiEtI':tEtt:I |EF'.i.li5F' Eeiutidns



Hate: Fer mere i1tern'ietieri etieut DEA.-Eepreee, refertethe preduet rriemiele

erlhe |E||'.'| F|eIt:||:it:n-til; IDEA-Express J'rnpi'e.rr;uenttii‘r't:Irt Gertie, Et324r5E4El. en lhe
Wei: et:

titt|:i:Hii'ir'iiI.1hrt.::r1'u'r*eithii:i-:u|-.'e.I'e|:u:.trei:t s.i'e:_;|2-t5!4IE.ht;n1

Ii yeur USA is ei:-eeeeee .e-iiifv by the Iiret-Ieeei reuter en tzieheli et yeur penguin

eeieny. lhe DAT is net used. In the ease. etrerylhingi 1.I.riI weri: ee yieu expect.

siriee Ite USA will Iereiercl all traffic tie the WI gueetthet eeleietee it. it eireetlgr

the '.-i-ey that e nerrnel Ellternet ethpter eperatee. If tree are it shared meizle.

heweuer. the DAT ie ueed tie Iztelermirre which ‘I.-'|'e'| gueet [er LFA Ft} 'r.riII reeeiue the

ineerning pad-tet.

Te ease the eletirtitien -rrerli req uirei:|—ene| te eimplflj the eerifigirretien. it many

ee.eee—e pertieu tar 'it|ii'| guest er LF'.t-'i.Ft can he defined te th e DEA as the ,r:-n'ii-r.:ii;i.s

muiei-. In the ease, ell IP |:-eizi-tete erriiiing Item the netieerii thet tie net here a

eerreepending epei:i1t'i: DAT entry will be sent to the LF'.fltFi'. er guest ri-nrrrineiled as

the primary reuter. A eeeeneere reuter can be defined. Ie uuhieh p-eekete iell he

eent it the primer; eyetem ie net Ei-e'ti1.-'e.

lilete: F'r'I1ter'_r router ie elten referred te as ;:r-r'rir;:rrj.- rfefituft .E'J';||!?j-' in USA

cl-eeurnentelien. i‘-‘ri'n-ii.-as renter ie the Ierm thet eppeere ‘Ii Linux deeiee rtrhrer
deeurrienteilen.

Figured.Ei sheets the preeeee used te eiiepeteh e peeitel threugr the DEA.

Chapter-e. Hete'erk'rtgeperty.iin were H?



‘BB

i=isEs7i1s' ss;iis]:s'aii'sTsLsh'm? ' _ ' '

The IP address ussd in this ptsssss is this dsstinstisn IP address sit the psdtst.

This is may nst iss ths IF‘ sddrsss of sour rdutsr siistsm. II this sasitst is tlsstinsd

tsr sns sl ths Linus irnsgss in trsurpsnguin r:sii:irs',1hsn it will be Its IF sstirsss

sl thst sjrstsrn and nut Ihs rsulsds sddrsss.

Huts: A ssmplsts dsssriplisn st |'|I2I1i|i| TCPIIF rsulins srsriis is sutsids this

ssspssi this lssslvt. Alrnmt sriti cissurnsntstlsn sh L|nLs'.T{.'1Fi'| P ‘Hill prssids sn

intls-sluslisn ts rsuting and TCF'."|P ssnnssti-ri'5.'. ifiiltsrristhrsly, 1_.rsu ssn gs ts:

http: Hkerstsi nut:-ies. srgisssunsntsfipristssriing.u'i1t1I.tI:iprtIst-n'srii:fn5,t. htni

This inlurrnstisn at Ihis La|FiL prsvidss st gssd insiahtinis Ihs sratrthal TGPi1P is

irnplsmsnlsd in Linux.

Ts iluslrsts. in this fslls-sing list we brssii dswri. step by sisp. this prsssss

intrslssd in standing s psdtst irsm ssrnswhsrs in ths nstttrsrit ts s Linus instsncs

in a psnguin ssisrry. is-I::I.Is'I'tg sn lhs stsps that iwshrs lhs GSA:

Unux sn IBM Elssnrr zfiirins snsi SI'3EIt:I IEPIASP Ssiutisns



1. Aped-zet tee1.ree=e1:lie11tn1e1t:hi1ee1e1rIe11t1e1e ir1tt1eIPnet11'erI:. hueercitgte

nen'r1eJlF* reI.li1g nlee, the peel-tet reeehee the letter l1I11ede1e|1.rl:+ei:relt'1e

flS1t1i1fl1epeIt1teI'1epeI1|;_u1h1

2. 1't1en:I11ter,up-en rec-ei1r'|1g epedtet r1et'I1ter11:|eI:Iferite=etf.heete mute the

peeleeten11'erd fl1mug11t1enet111'e1|L ttemeute Ie I1:1Lli1gtel:1|e tedeterr11'|1e

the r1e.1tt reutef hlte <:heJr1.fl tittle the eermt reute. 1et1h::h ttlehliiee ye-ur

US!»-awning pehguit -E|.$I'|'El'1BJtl: hve1:I ten the deetinefteh.

3. The reutitg tehte et1e11'ett1e IF ertlctreee cut the DEA-e11ni1g |:1e|1gu'I1. the

mute: |1en‘er111e en Au:|+:l'ee=e Fleeetulhru Prete1eel[AHPt reu:|ueetteIh1:l the

heI1:|rreIee:l1:|7eH1dtIi:;t1me1t::t1eett1eIP.e1:I1:ieee inflle-retlitu Hale-

4.1T1eI2tS1fl1reep-e|1detefl1eAHPre-queetwih 'rtehe111:h11e:ee.d+:I'eee

5. The mute: huicle e new IP pastel, 111111 I1e eeme deeti1elier1lP edcieee lietd

iheeelweerehedett tt5P«BfrlI1l'fll.l§IlfllE-rflEtflftI1flrlEl!i0ftLflfll2|$ErlEBiWEl
IheE1t1en1ettelhe USA.

13. The IZ'.I5A1eeei1-ee he pen:lcete11de:u1euIe I1e DAT te Ihcl eut 1et1ere1e eend
I.

Hate: Thle |e’l1epe|I1tet11t1i1:l1 the pteeeeeeenteil |r1lhe|:1engui1 1::e|:n1r
eI1I.r|rer1r11e111.II1i1e|Fed+:l'e-eeetIt1eLi1u1:|r:eter1eetu1eru11|:ee11ed1:Iedtefl1e

EI1“f|'.eriII'1e'W1T+:|eeer1et have eprinenrreuterdefited. the 1'.'t3H.1ei t|'1re11rtt1e

ped-tet e11'e1r,eI1:| the Line: reuter1I.rI| net e1.renl:1e e1eereetIt1et.

 
Eteeeuee ea-nI"1 Ijr'1u'.11 i'11:t£IJ"1-ne i1 -,1e1rpengLi1 :‘:::'.1|e-rrI_.r1|II have at least ene IF

en:|+:l1eee.tI1e eletititien reqtiremeltte terite Ctfireen be huge, er etren

|m|:1e=eeI:1|e. USA-2 -::e1i1:l enly have 15 ernlrtee i1 I1e 1:11:11 11rltt1 e 111e.1:i11ur11 et 13

perLP.'I1H ergueet. This meentthet erly T L'r1u11 ineten-eeeeeelld be euppetted
I:-e|1i1d ene renter.

EI1e;Ie14.rIetre1rtrh1geeIIH;.Ihe:Im11' II



Even with GSA-Etearefi. wIi'H::h reieee theee initeemeicterahty. the

we-rtiteeet werrt:| he erI::+rn'u:Lie.'|'|1eretere,the+:1rn'entreeerhn1enu:tetten iihen

ueitq uee adapters terpenqtit eeteny eerneelteiy le In erherdetlne I1e reuter

gueetee the prinerjrttetehfl entry in the fltt'|', erdetleetethe Elfihpertte the

remergreet, ueitg the GSA nen—ehered.

Lleing multiple flake

harder te eqaraertehtyt-etreiet:I].reer1flguretien,;u.reurne3.rete:-eee te preirttle

mere |:hEIt't ene flfiete :.reLrLi1Ltr renter. Thh tI$|.ttiI!.|' itretree ttet'l‘Ie~Eth[t eeeh

Ct-Eth tee tliterent Ltthl. with rettmttent netwert: eenneeti-ri1r.

‘lieu rneir etee uee mI.lt'pte tlfithete |:In:wiI:te greater |:t:H.|'t-Ilhtltitllil te tretrpenguin

eetemr. I1 1.uti-ch eeee {re-LI em heirelteee t]SAe eemeeted te the eerne LAN. I‘:

this eentigtleticri. greu neeclte be aware thetthe weythe Litter tiemel reqtervtle

te AHP requeete rnegr eeuee eenneethrttarte tell I jFI:|t.t er'e net uehtg prlmery

reLIere In yeurflshe.

'r'i|'hen en AFIP request is l't5¢|Bi'tFEItl".’t]|' L'l1I.nr.the tternet tztiedtete eee Hie

recpeet |lFI:tl':1i:t;|.=' iiterieeeen tt'retme:hiie.ttttte,tt1er1ttiear:t:|:terflietreeeiire+:l

1I‘IEraItZ|lIE-ettttllri-etpr:tItt'Il2iItlIte.AF|F' requeetwtth tteherdwereedrreee, even I

the IF edtheee bfilflflflfiffl enether itterieee.

 
This heheuter wll net 'r'I'iZII'Itl with Ite GSA, hi:wreuer_ eitee enly the USA with the

IF‘ eddreee ttetitett will beeble tepeeehetfie terthet e«:ttlteee.tt1rerr are net

rletlnitg yew Liner mnutereelte prlmenr tteteul entr_n.r ii the HA1’, yer: meet him

eltthte hehetrterii Littltlt with hefelewhgezrrrrnerriie:

mile 1 :- tpnefnrerutrtprlfeenfrelI.FItrIr|en

uh I :- tprerfejlefutftprlrcenffelwlr:e-nut-.iItlrIIn

hlete that the lie epeertyrlng the rtetrtee name rmet be repeated iereeetr DEA

interteee. The-ee eernrnenlzte meet he executed ruhen the system ‘H eterted. ee-

eI:tI:I'Ig therntetltenetwerttetartuperrriitienreeteilieient.

‘HI! LiItttIJ1EH$'m1'erI5teItleEltd5r'H}:lE|PhI.5F'5i:II|iui'te



tliltltir mede

DEA-Express empress can he delireei tesLpper1 CIEIIZJ. This made yues

high-epeed eperetten threugh Iieet uee etthe BTI hue. IJLI: iehe premlidee El.

teeiltr nhi:.i1 elevrrsthe eperellrg egrelern te dynernieeltr up-dete the edepter‘e

rJA'i'_ This dynuni: up-dete happens ufltg en *eut-el-bend" signalling pal‘:

ttettrreenttre driver end the ede|:rter.

 
I1 QDID rnede, the Drtiideee ell e.t|e1,e1r'enlha:-try‘: yeu ne ienger iretrete l:H.ld

iImH1l|El'5|'. Under Lirurt. Ite qeiil rnerdule eenththe required itlennetien te he

USA-Expreee te eleer Ite Lqndetethe DAT. Etettirte |:|-l'i'IirEI'_|.I' meter detue ie eiee

eenlreileddynernirelyr Ihreum I'i-E qeI't driver.

flefrrpderertem till TGPJIP er Efiafidd

dere erppert in t.r'l.l TGFHP end Gunnurieeflens Senrer'fer1:t5r'$Eid preulciss

Lprzletee tn the DAT lerenjr eerrii|;|rredirtterle.ee.TI1"H rneeneitet net ertltr is the

IF‘ eddreee ierihe ees edepter ieeil edded. truteny ether irterfeeee as eel

Ttis supper! E reqLi'eei pentetleriyrferflatafle, tshere the use et t.I'i1uel IP

Addreeerrg INIFA] reI:|u"IedflIe ‘tiIP.Il.adt|‘eee|ereetet:trheaddedteflreCtFt1Z

1'irereerereJr|Jdeteeferedek%efl1etereneteerI1eetedteflreeterek.

itenrre-rer'. This means thet. in the eeeeer an IUGU eenneeiien under WI TBPIF.

ter esrernpie, the F eddrsss el the inset end et the eenrrsetien is eddsd,hu1 the
rerrtete end is: net.

EttItTupdeu- rfrern Linux
Under Li1I.er.ttt-e qeth driuertrril enhr eddth-e £t3A'e eern edtieeete the WEI". He

ether edrieeeee en the Linux syetem ere edded.

Hewearer, the qerh cflrsrstrppertssut hterteestitreeglr Ite rpreefiie systern

ertrivzhcrerrlre ueedte rrrer1ueii5*edderrtZtATerlr'yre5}ei1etflrieireterree efthe

eel1drtuer.'lhie would elient Ieqie te he edded te the neuheerlt ecntlgureflen

eeriate fer¢TI3 end IUEW interleeee. t"Ii'l'ter1 he ‘Irterteeeeere eenligrred. the

eerirt reeuid eddiienely iwetre Itre+:|e’lr+:I'itrerte erddttrepeeur iPedel'eeeterttte
Iii: te the t:t.l.'l'.

t:tre.p’erre.|tete-:Itthger:rertrr;r.I"t+:-r:IIr5r 1|}!



enening en eee

F-er teerne tine, iltrrers eerreiclererd msafe tn share an CISA adapter IJEI’['|'I'-EEI1

US$90 er we egreterne end Linu:-L. t'te'rr.tr"rtt1 reeerrt Irereiene etthe LEE drirer.

this ere-eeutten le net neeeeeery. Heweurer. tree rneyr etl rtteeee te erreretee

I:'.autierI when dteritg -.ei1 hlgvpretite prectuetien. eyeterne.

The eheiee et whetherte ettere er net te ettere wit beeeme part ef peer deeign

preeeee Fer errnnple. El‘: erdetlrg IICIS hetelletten uehg ene pert en. en.

DEA-Erprefi Feel Elhemet eerdrney hmre eet primary reuteren e ::'C+Et LFA.Flte

eI.|::p-ert the Applieetierr ‘r|F'.fi. iuhetien it 305. In his r:entipure.tieh. the

lhetehtlen le metnte te here an z."'.I'tut LF'.t.Ft eerttlguree eep-n'rnerg.r neuter te

erqzlpurt at penguit er:-|en'_r underzftftut, since an 'C|'$FI. pelt r:erIret|'IEt1.re mere Itrlt

erte primer'_r reuter epeeii-ed. th thie eituetien. tree peeeirle eelutierte erriet:

p Use the eeeend fl5.tt—E:preee Feet Eflrernet pert.

tithe pert eetld he dedicated te E.-‘G5 es perttte eerrent eeenerie. and the

eeeenrt pert eeutd then hedeeteetedte ettrtrt te he used terthe penguin

e-elem. Eedt perteen lune prtrrerrgr neuter epeetlled Iltvliajit-£It‘t-ttlettlljr.

- Uee flueued Dlreet IIG IDDID} merte ‘-1 the Cree-Expreee.

In this rne-de. zrflfi eeh update the i'tIE|TtEI t.It.hTir1 the adapter. as required.

This etlmineteethe need fer primeryr re-uter te lee eet en the zrflfl LPAFI, ee

l|'tEIlz.""I.I'lulr:en he g'HerI1i1eI'e-IE I.‘rI'I behel ef the pengtrh t:e|t:I1'_r. AGTC

eehneetien eeutd be set up Izue-t'eeen eerie and EDS te reute em treflie

hteerlerl terettiis the’: 5-eee re 2M-.t tneerreettgr.

There is eke e tttid eelutien -etrieh ie te reite el tretfie tttreugh the H05 etretern.

and tree at GTE eenneetierr Irene there te the :.I"u't.t e1.retern.Thie eelutien deee

lnereeeethe hep eeent re the Linux eyeteree. Alee, mengr ztfltfi lneteltettene prefer

te keep EFCZIS TE:P.ntF' tr-attic eeperete.tereeeuri1_r reee-erie Ctn Ire peeitiee eide.

z-DE here a heer teature eetled t-ttperseeirere 4-eeeeteretenttwirtt eeelet pretre

ueelut in euett e eenfigune1ien_

4.5 other i$$t.lE5

I‘: this eeetten. we addreee ETGHUEEF detrtee reetrietiene end a ‘u't.t T-EF*.'tP

reetn'etien.

4.5.1 t:Tt3.*tLICt~' rteeiee reetriettene

The feleeritg deeiee reetttetiene etrtet.
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|"I.IllI.'IEI'! ef link:

when hullillnga large pmquh cnlnn-gr and I.tfl'1-gs. animal mulim eaeararln, I is

+:|eeie|:I|e in he-reeemenwy Linen‘. helelwee ee p-efie euppeflerd eff me reuler.

'|'hia hereasee he eenrer-In-hfraeimeltre ram 4:! your p-arrgtin eelmy.

Unfnrtnrataly, mere aacurmfly sums raairictinns in plane Ihat inrl flue nmlner
+:hfi1h;etI1etn::eI't|Jet=|'iee’te+:|.

 
hhe Linux 2.2 kernel. ihe ¢TGI:Iri1rerheee herd Ieelrilnfieneie meeirnumef

E i'IIte.A Hefin direelhleii ctunH'1.£=EElE-trie.mdiIeelldbe hereeeedte

ele=rrmnrafJTGI'l¢stnheeetup.

I1 he 34 I:emel,fl1eree1Ii:flen has d1mg}ed:whan GTE la mnmied hm me

kemel, e reelriclien el IE Iinlie eppie-5. Int elhenihe ekieerie medtlerized there

does not eppeerte be areeimihzln.

The IUE'|.I' drive: appears mam irlancly In heteashgihe nunhar el devices

While befll the 2.2 and 2.4 liernel lemrele have llefine +:ireeti1.ree |in'rtin-g 1i'Ie

rnmclmurn num|:+erel dmrhzee ea 1e,1ha lat-anHaI'ei:Ine: uf lhe +:Iriuerpmer|i:Je
lr1:struu:fler':s in he nude finrhew to Increase Ihe inl-

 
Cerrflgurelnllity

he mentlnnend In ‘Linux as a uhuel relief‘ on page ee, Ihe CTG and lL.|I.'J'I.I'

+:h'ureIe eametelllerlflar he emfliguved dyrrtenicelar. Tlliemeene lhe11i1e n-edllee

must he I.|1|I:+eu:|ee| and reloaded tn euppert neniyredded u:|eeieee,'n11i::h rerquiree

al hteriene:5ue'ngfl1etrrundI1htehael1utdeH1.

T|'Iieiebet:.euee1he:i'i1rereeLlren1I{r :e1|1re::«enIiJnre|idde1ri:eevflIentI1e1rere

Irfltlellaed. The driwrn build I:::I'IulII:I| bl-:H:.‘$L'e encl hlflefl at lheltlrrl-e. and Hi net

designed In supper‘: medynalnlnaddinn at new daeims.

v|:he.phrd.Hete-:IiihgepI1§|.i'1+:1:IIr5r 1|}!



A ueelul enherboemeni to me ETC and IUEV drirrere would be fire elnilily to

oerlonru lrie dymanrho reoonfiguration. The lrernel already prorrldee errpp-on to

reeegrize narrry configured darr'roaa,and1ha DESI] drirrar ia alao ha'ng enhanced

in lhie area. Fleomfigrrmle GTE end llJG‘I.I' 4:ii1.rere1.I.IoIuId elbow a much more

fleaelala panguir oolony arwironment lo Ira oreatad, rrhare laaa planning or Iulrrre

eonr'Ire<:.'IirrI1.r would he reI:|uireI:I—er'H:| adding a new |1en§|u'I1toI‘Ie oolornr would

be much easier and more dy'rIernio.

4.5.2 ‘JM TCPHF reetrietien

t_‘:nrranflg,r, perforrrrenlze of e 'I.n"l-I TE:F.I1P are-:1: daguedeeartareqnprerinelery 1[HZl

DE'IJIEEa have been defrued. The detain on lhie are noreleer, and we are not

aware -or lha nalrra of Ilra degradation H1 oarfamranae We are alao not aware al

any aelirre -rrerlr Io reeeanzh lhie flurlher.

We mention flria are a pronr|:Ir1or you to1'ln-d ourrnore. eo lharyoe 1:-an feotor Ihie

Int-a fire phnn'ng Iar ;.raLrpangu'I1 aaIan1,r_
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Security architecture

I": lie ehepler we clleeues StEH.'ttI'ij' teptee related te running Linn: en at Sa":'.’IttI2I er

zsertee Ftmnlnge Lhu: system requires rellatute eeeurly en any hardware

pletierrn. Lteinrg herdrrere eitertheh SHE-ED er zfleriee eiten leadete discrete
eenrere wtth dedteeted herclwere reeeureee.

'I"t|'II‘I Llunr en 593.134] erzSer1ee.Ie-gethet*ttI|'I1 the penrttenhg ef the hercteere

and the eitueizetten ertened by 'It'l.t aeaitelale tn the Line: systems, martyr new

ewe-eta ef 5-EtI3Ll'I1.' erise. Etn ehe herH:|.1.reu mud eeneiderit and h-|2I'H the

pttyeieel reeetreee cut the fltaflfl er zfierlee herrlwere till he teeteted trem the

virtual Linn: eysterne Ctn the eI1.erhen:t,I1e rnelntenernze ef rnulhle Llnux

eyeteme with ‘UN requiee eeme Et-|1|:IiiEtt'1Et|EE|-t:LlI'i|'_I.f features it trent et the

n-errgulrre. but ehe eflere ete1.rermethe+:l.e et hen-ditg eeetemr et them.

fificwrflttfllfinmfllnr tee



5.1 Sherlng ieeletlen end reeenllguretlen el reeeureee

eedleeueeed In IIZ:|1eq:ier1, "|rlmdLr:liJn"en|mI_ee 3,L'I1ueeennI1 en zfiedee
mdfifflflflhemnereinlhree heeinnhedee:

n- Inneliremede

- InLPAFrrne:le

r Ae‘Iu'I'ul§|ue-ele

I1 fl1e1eIewi1;;eeeflene,ere rlleeuee eeeurrt'_n.r ee lpertelne Ie nrnnlng Linux in Ihe
three drflerent nu:-deer

5.1.1 Hunning Linux in native made

The einplefleeeuriqr eeenene ‘e wflh Linn-: mrefng ‘n nelhre rn-nude- Here Llnueie

me enhr eperetlhg eyetem on me hardwere.1'herefere. all intemel reeuureee

I[preeeeeere.n1eIner:.r.eherI1eleJ ere eedieeted and Ihere ere neeeneeme eheul

eherhg flreee reeeureeewih eiher eyeieme. It le etlll peeeinle In ehere eelernel

reeeureee euehee DEED -rriflr etherrneinfrerrl-eeg.reteme. hurt me!‘ would inphr Ihe

eeme prelzulerneee If Ihe Linux e:.reterne were runnlng an a hardware plelferm
elher Ihen SHED er zEeriee_

5.1.2 Flurming Linux: In LFAFI made

NE

The .eeeuI"rl]r eeenenfle en'1h Lime: rmnln-g in me ermere LPAFre gele more

eentlieeled beeeueeI1e F‘Ft.I‘$|'I.n'| nieredede is need to ehere fire Sn‘?-90 er
:5-enee reeeureee.

en |nrIepere:|enI eperelhg eyreiern een run in eeeh LPAH {w|1eI1erfl'e Lhue,

US$90. WI er ulhere}. Theee LPAF|‘e md the eerieue epereiing eyreterne can

ehere lntemel reeeureee. Frern e I-egieel pl:-inl er '.rieI.I.I.I1e reeeureee eeern 1:: be

derleeleclie Ihe pe11rt|nn—huI1‘rern ephyreleel pelnt en‘ eiee.r,1|1e herdwere ie

uituelized and perfifiened he F*FtISI.n'| to be shared aneng upte 15 LFAFle.

PFII'EIu| eneuree 1heI eerh LPAH ueee enlyl ’EI'IE| reeeuneee lhel heee been

elleraled to II. II telel leelelien en‘ en p-ertilien e requlred. I1e eyetern can. he

eeniigured 1n'eI1e ICICF‘ and ICIEDE ee Ihai nu reed-ureee are shared among

enelher peniien.

An ISP nrFL$F here he deal 'I'rI't|'| eerieue eel‘-FEIIE frlilm eeverel I:I.IflI:Irnere, '-I.IhI.'J Ell

have en emenliel illerefl in eepereting meirdale and applications from lheee el

emer eueiemere. Te melee Ihe principle ef e'u1ueJi:eI'nn by Pflfll eeeeplehle fer

1i1eee euetenhere. eelne queelienehewe te he erIeIrereI:|:
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1. Is thsrs an sffishl ssfl't|'H::afisn that Its prsssssss s1 lhs PI-‘HS!-I rnisrssstls

srs sssu-rs. H-=E1|:|-EII:iEI|I'_|' untlst ltts new sfisriss srshis-slurs. tshish su:I+:ls nst-r

lssturss sush as Hlp-srss-sltstst

2. H CPs srs fltsrstl hshsssn LPs.F|‘s. isttsrs my rkittlsst sns LFJH-Ft ssh

ittlusnss Ihs spsrstisns it snsthsr LF.fi.Ft'i‘

3. tI'I.I'hst ts Ihs rtslt I msrnsr-_.r ls rsssntlgmstl ftsm sns LPAFI ts snsthsr?

4. Ht:rI.I.I salt the tzlslissls-I:| and ssslrsd Lsss s-I‘ psriphsrfl dstrisss Iss ststsI.IrsI:I, i‘
shstszt shsnnsls snd ssntrsl units srs used?

5. Ehsuttl Ihsrs I::~s s ssstls stlnlntstrslisn ssssss ts Lhus tsr sfisrtss sntl

SEED sydsms, sspssisly Is mass that srs ls-girsllgr placed it |IJh'|Es'i'

F'Ht|'$lI E-Brti|‘iI3EItiI‘.tl1

Elusstisn 1 sslts ltrrslttsislststsrrtsrrls sntl guarsntsss sf the sssurtltr |:Irstri:lsI:l

tr:.rhsrtt1.I.ts:s and misrs-sssls. Fsr SEED ssrtrsrs. whish rnssns tplsths Es?! GE.

PFIFSIJI has Ins-sn ssslustsd ssssnitg ts Ihs Eurspssn ITSEC E-t {lnfsrmsflsn

Tsshnslsw Essurittr Esslustisn flritsris. stusflusttsn lstrsl E43. This strsluslisn

ssniiss that PFIFSM ssh ssssmts and lsslsts psrtitisns as ithstr I-rsrs runrfng

sn pltydsslty sspsrsts systsrns This itttltld-as Isslss such as Ihs tslstshgz

r ltlsnttfisslisn and sttt|1sntit:sIti:nn

— FFI'.I'EI.:'| Isill sssssisls s untqus iuzlsnliisr with sssh lsgtssl psrliisn it Its

surrsnl ssnt|gursi|sn_

- Essh LF:ttH is tltiqushr islsntiisd. lsasstl sn IEIGDE slstinilisns.
— Ths hzlsntlflsrts usstl Is mstllsts ssssss ssntrs|_

s Autltl snd sssssntsJst|Ig.r

- All sstsuriyr rslsnrsnt E't|'E!I1IEI ass Issssisd in an audit Ins-

- Ths atsit Isa is ptsts-dsd Irsrn unst.|th-sriss-:1 dslstisns st mstttltsstisss.

— Appttsslisns In LPAFIsssrn1st rssst ths suti Isg.

Iv Asssss ssntrsl

— LPAH 5EH:I.I'i'_|' ssnlrsh dstlns s |:sr|iI'+sn's ssssss ts IGGDEB.

psrtsrrnsnss +:tsts.sr1.rpIs, snslrsssrrllgutshls shsnrusts
- Asssss ts ssntrsl this md dssisss sn shsrstl shsnnsh sari bs rsstriststl.

— Ets-disststl sI1snnsls,stsrsgs, and GF's srs nstrsr shsrstl.

- sstsh sill prssssttlts trsnfisrst s rsssssgs trshsssn s ts-gisst psrllllsn

sntl sn_-.r Isssutss nst sspltstltr sits-satsdts I.

n- Clttis-:31 rsuss

- t‘-ilsrags will bs slsarsd prhrts slls-sslisn sr rs-sllssslisn.

- All irisrmstisn in phtrsissl prs-sssssrs srssprssmssrs will tn-s rssst trstsrs

aispstdthg lhs prssssssr ts s nsts Isgtssl psurliisn.

Iitltsntsrfitfissltritratst-Issh.rs NH’



— hien—shered ehennei peths end attached ii‘-D detiices 't't'i|| be reset prisr te
slieeetien te e LFie.Fi

Fer zfieries sense is. st certiticalien isesetl en Cerltmen Criteria EAL5 is being

wertied err. This eerfliestiert uses reughiii the same criteria es the elder ITE-E-G

Eat. Fer rnere details. see he URL:

ht Lp:.I'.n'ti-.rrr-ci:urtncr1r:1'iterie.er'g

Te ens.-u-er questiens 2 Ihreugh 5, we hetre te teiie st cicser Ic-eh: st Ih e weir F'Fl.fS|'u'|

heridiee the ehering. ieeietien end reeentiguretien ef reeeureee erneng LPit.Fie.

Preeessers in e LPifiFt entrirenment

LP.e.Fte running en 3394:! er zseriee herthr.-ere een use either dedleeted PiJe

{which eniir ens LFAH is eiietrned he use]. er share-::i FLls (which ri'r.I'E|r'5r' LF'AFi

defined fer shared I: Ps can sccsss].

f.‘:Fs er IFLs {hut net izieth. in the ssrne LF'it.Ft:i can he used is rut Linux

ieeitiieede. it UP is a gen erei pure-ese ereeesser that hes the lull EE'nttf£EIZi end

2.-'iitrchi|ecture instluclien sets, and itcen |'Ll'| e.|| cperstting systems eileiishle fer

Si‘3s|'.'i er zfleries, itciuding Efiifliiitl. 2-‘Ci'.:‘i. tiinii-'E$.h, E.“-"it-i, ‘USE. srrd Linux. The

IFL een enhr lee used te run netitre Linux. erz.i‘ditt tie with Linux guest eiieterns.

While the number at I3F's determines the rrredel ef the EIETE er 206-4 [and with

thisthe hese nteeistrrerrtent tdr the settwere licenses running en ttiis senier}. en

IFL is net eeunted in the peel ef Flie tttet determine eeftwiere erieirg.

While an Ci-':1i39Et er:—.'iCiE LFitFi requires |3F“s. a Linux LFi't.Ft iehieh means nstitre

Littlit. er 1i'i.it.t tie with Linux guest $],I'S|EI'|'i5i tfiutifise LFAHs still require t1F's]

een run either en f.IPs er en IFLs. Thereiere. usually esisse er see LFiftFis

{which require I3F's}r -tic nct shale prcreessers with nstitie Litux er 1i"u"|t.It LF'.liFis

{which can use IFLs]. But there still is the pessibiitgr. especially fer smell testing

LFte.Fte, te run Linux en e CF shered tI'.|i'ii"i e iIiSitEiEiiZi erziflfl LFAFi. And et eeurse

IFLs can be shared I:-ehrreen hi-e er rnere L'nur LF'it.FiE. but net between Lit uit

end ziifits LFA F-is.

When e precesser is shared between twe er rnere LF'.e.Rs. eech pertiiien is given

seeess te this preeesser fer e eertsit erneunt ef time- This is eentreiieci i:h_.r en

elgerithrn hesed en the deiited weight el the LFtt.Fts. Eiliererit eertitiens may use

El single |:l1j'5i|.'.!-Bi precesscr at ditiererit times. but the inferrnelien held it the

preeesser will be cleared tiefere it is used by enether psrtitien.

Unuir en |Ei.i rf_i5-«sir-. i-r zSeries enci EHJEIII: |SF'.'it.EF' Eteluiterts



I‘ the time slesatien tar lte LFAFI is used In. at when Its LPAH has ne mete

ererti tn de let the nreeeeeer. er nhen e iiyter prierilized LPAFI iedeineneitg Ihe

pmeaeeer, an intampi eeeura and the eeeaae In Ihe preeaeaer ‘en jean In the

ether psrtiien. WI‘-en a preeeseer ‘E serielted trent use IJ-fflltflr LPAFI te anetlt-er,

ile entire stete ia preserved and the new LPAFi'e etete ia reetered. Farthe

duratien at its tinesltee. IJI‘I-It!‘ this LF‘-IR has aseeee te the |Jr¢setsedr_

HElI1IEl'}' in E LPAH El'l'|I'il'e‘.Il'll'I'i-flit

Memenr ‘e nelsitarad |:Iet-e-aen LF'eFI'e.|:uI1i1e telsl arnaLI1t el rnernery hstsled

en en 95?? erEEifi4 istiuided einengthe LPliFts. Legieel steiage. leeln eentrelend

expended, is represented by the same arneunlel eentlgueue plnreteel eteram el

the same I-t'I'Id. '|1Iis it Elfin-s when the |.F'AFis are ssiitreted. end F'Fh'l$iI-'| deea nI:Ii

metre le-gieal partrtiens enee they heme been planed in reel stereue.

PFHEH else alettrs Iltel pltgrsiesl slerege een he deeleeeted frern ane to-gieal

nartiflen and raelleeeledte metlter Iehlle Ilteee LF:t.FIe ene rurinitg. H

reeI:Infigured.I1e sterege is cleared as part et Ite reeenfigurslien praeees. ee ne

datseen he presented lrent ene LP.It.Fi ta eneltter.

Hewaeer, 1l1e eperallng system has In euppert Ihie renenligurailen by being dale

te else: the areas of ntemenr that are saheeiuiedte Ieesentigured eit iltis LP.fi.Fl

and glean te enetltar. '|.|'|'u.l ernetltra Linux de net sup-|:+en dj.I1'IEI'I'Ii: eterage

reeentlguratien, en there Is ne eaeurinr ‘mp-er:t el nnnhg Lhult en Slssfl elal|_

CI"IH'll'IH|5 Eltfl Blilfifnfll fl'B'|i|'iIi.‘-Ht! in I LFHH Hh'il'fll'II‘IHl'll

'l'h-e seen and zseriee aidtiteeturee allew dtannele and the external deurleee

eennesled teitese sltennels te be altered leetilreen mutinle LPAFis.

I is else guaranteed that shennels dedieated te ene LPAH eennet he aaeeesed

by ene1lterLPeFi, that eeeeea te eenlrel unle and deirieae en snared channels

sen he reetrieled, and that nen-shared ehsnnels will he reselhelere reslnralien

ta eilter LPAHs.

Iadetrieetnatheateheaeeeaead ueitgaeltaredeenlreluriaridaltared

ehannels sh-euld he dedicated to ens LF'.fi.Ft. ltfe taste be dethed 'n the lttii

Genligurallen Dataflet {IUGDS}. PHISM ensures that ne LPAFI een eeeeea e

deeisefltat is net def'nedteI1is pertitien.tI|:Ire1terItetI1e lrensteret date |.tetn'een

s LF:eFi and any ree=eLI'ee net esplieihr alteestedte it.

It an emrlrertmenl win eeseral Linux E-'_i|'3iEII'I'IEI n.Inn'ng in different LFnFta. I is

pessiile. end it rnest wees. seneinte. tn shale ehsnneh and dental units

betteeeri Ihe LF;eFis—end thus between the Lirnn: sgrstetns. Hen'e1.rer.].reu need

te lee eerelul when DASH devices are altered. |_In||l:e nsreee erztfls, the Linux

epemitg system ilsetl dues not have any huill-'I1 preae-:|ures Ital present system

irnegestrent interesting Ieih eeidt eiltefs writing eeeretiens and de-streylngtne

Iitltllterfitfi-sI:l.IrI"tl'En:t|Iesh.Ie tlfl



intagtly attlta tiara. Unlass this mplisatians usitg tha DASH siasrisas da prasida

ap-asial prasasliiras ta ansura -data lntagtts. wria aparatiansta a aharasl DASH

dsaias shsufl aniyr |:t-E psnnlltsd an ass Linux systsm, sn'1i1 I1s atnsrs anly
Hisvracl IDl'Efi£|l|'|-IHIEIH.

Hslwarliing in a LFAFI snuiranmant

Hatwafl: slavisas ara hanr.lasl than aarna wasas altar sstamal clatriizsas Tha-,r sra

atthar dtarinal-attaaitatl aantrai units. arts-:=aIa-ti an flpan Byrstams Adapts:

tsssi ssrtls. Tha parts an the GSA cards can ha sharsd hsasssn LPsFrs inst as

an atharsnannal. Tha sasurinr in sisarad usaiga. isalatian and raaanfiguratizm at

thass slauisas is ma sama as 'I'I'II‘I athar channals and -santral unils. !i+:l-tlilianalgr,

tha nstmsuitz suts:'i:Is -alflta plnrsicsl srasa srsfiaatss sartrar has tn as asstgssd

and sat II} it a way that no unauiltarizad aissassta data at rasaunsaa is pasaitsia.

Fat Sjifil-El'T1 aiztmitistrallan Isslts aspaalalls. sssura nansani assass has ta ti-a

gsntstl, and this aiinlnistnalian nalsrsrtt shaulsl hs ssnarslsd tram Ihs nannsl

Ittran-at and htarnat.

FIJI‘ ltss ittsrnal ri-snin:-rit samrnI.Inisa1ian tsstsrssn LF'.i.Fts an ltts sauna zssriss

ssnrsr, tum shaisss ans pnnridsd nltiizh da nslnsad ta uss srqr hsnjsisrs autsids.

H. TEF‘-"IF sarina-stian batisaantwa LPAHs san Isa sat up by usitg a sharatl USA

p-art.art1=,I using an In-msrnar;.r aamntunisalian trahiizls sallsd Hiaatfissiials.

Th-s first snslrsnmsnlts sippart His-srsa-citsts tall as Llrius tar sssrlss, WM,

sitflfi. anti any santiirtatian althasa aparaiting E'5I'EtvEIllE running in LF;nFls an a

zfisrias ssnrsr iflhsss Era na Hflssrfladtats Int 93?? GSIEE and Mullsriss auaa

ssr-sass}. Bsssuss Ihsss ssnns»:-Ilans srs nut phi.-sissII_.r sttsslsscl ta Ihs sutsids

|'t-EIh|i|ii:|'I'1'|i. may ans as as-aura astta LPnFts tliamaaluas.

5.1.3 Running Linus untlar UM

Sinisr saaurits quastians arisa vn'1h tna usaiga alzitil-I at t.iMiEEAta sirtuaisa
tha rasaunsas at an LPAFI:

-- Haw ans WI rssaunsss and tzistiiitisris pratanrlsd smlnst gusst syussns?

I- What is His rarmifng risk iftha rassusas at 't|'iI.l guast strstams irri-anH:H'!i'.

CF's} ars ra-asnfiguratl‘i'

- Haw sssurs ans Iha tiffanant Itinsis at aanInuriisai'IaI1 alnang L'I1u:-I imgss

{far attslnpla. USA. Hipatflsd-tats. fiuaal LAN. IL||3"i" as t|'ET-I33?

r Haw san tna uatiaalad and saaurasi usa at patipharal I:iauisas isa assurasl. i‘
sharad dssnnals and control this an usad?

Ir Haw can illss pnasan that ‘n'|'u'| guast syrslams ans hahtad tram aaidt sitter‘?
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The System Integrity Statement fer yet

'|'he lest queetien is eettlhg ageit tur ethtzlet statements and guarantees fer Itte

se-surity prsyttlstl by ‘HM. There is he sttistel ssrttftsetisn sf ‘u'It'|tES.'t er z.I"u'I'tl

eentneretute tn the ITEEG E4 eenttieetten et PHu'Etu.t_ Heyreyer, the e"u't.t guest

med-rne eeperetten was he very setrne med-the te-::'iie.e that were created fer,

settlers usedtty. FHIS|t.t..'3efltesemeteeeteftrLtstse|1 he pte.sedi1z.I"u'Iu'IentI

'I.t't.t.I'EE.i. gueet meehhe eeperetten ee It the F'Ftn'Eh'| mtereeede.

Futhenttere. EH gieese System htegrity Statement I-I:t-I'1|'1'|"ltH:iFt1h‘E |:ILI:rI't:.eIlieI1

.E."'I-"M rfieneret thtsrmetien. GEE!-5991}. which is sited here:

System ‘ntegrtty le en ‘rep-enent etteneeterietie et z.I't.tht. Thte emement

e:-ttends IEIh'|‘s preeteus statements on system ittegriyte lte :I"u"h'|
ertymenment.

IBM hee Implemented epeeiie design end sewing gtideites ter meittelntng

system inteutty in the deyslepment et:.I"I.n"ht. Presedures heye she been

eetehllehetl te mette the epptteetiztrt ef these tleeign end eeetlhgguidetlnes e

tunnel pert ef the design end tleyelepntent pn:teeee_

Heweuer, he-zeuse ‘rt is net pmitrte te eenltythet shy eyetem hes trrettest

ittegrity. IEtttt t't|iI assent ttF.fi.Fts tttetetsmlee expewres tn the system

itte-gtiy ef I."'."|'I.Il erthet r:teenrt|:re prehteme eneetltteteel when e pregrent

rttnrtitg ‘n e yittttel meu:h'I1e nut ettltetized bye rneshsnlern meter the

sttstsrttefs eentrel intezuttusesen eneesme Is the system ittegrity et‘ zn"t'tv.t. as

etetited In the tetteyrtng ‘e'ttt.t Syetern Ittegtty Dethtttlen“ eeetten

IBM ttI'I t:t.'trtt'I1ue its efterte te EI'I|'IEIn~I:e Ihe htegiy at :I"'-"I-I enlil In reepen-:I

prernptty when ettpesures ere identited.

Mterthte etetement, H1 ettteh EH guerenteee thing eyery eepeetre en‘ the

system ittegrtty st z.I"tI'I.I'|. there telletys the "z.I'tI"I..t System Integrity Defitiietf:

The z."'t't.t eenlrel ptegreth eyetem ittegrity is the ineteitity e1‘ eny pre-gtettt

ruhnim It e ytrtuel medtite net ettltettzed bye :."y'|':.v| eentrel prngtem

meshenisnt tltdsrthe eustemefs serttrel er a guest eperefng system
meehenient underthe -eueteme-r'e en:-rttrelte:

- Cinuherent ercieelete the t:-nntrel prey-em reel er euxhry e-tnrege

pntntestien.

— etneess e reeeuree pretesteel by HAEF. Fleseurees pretected by HACF

irI-elude '-"I1LIEI rmtnhines, minitiflts. Eltd tenTt'IIEI.'aI.

- Assess esertltet prstaretn pesseeetl-ptstested ressunee.

— it-hteit eentrel it rest emeryteet etete erwlh pmntlege etees euthertty er

tie-stery sepehiliies geeter flten these 'rt'-yes El-'fiiEl'|'|i|I'|:|.

- Ci't2tt.trlt'tI'El'tI Its system intsgriy at any guest spsretirtg system that isetl

hee eyetem ittegrity es the reeutt el en eperetien by eny zhtttt eentrel

preqretn teciityt
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Ftesl stersge greteetien raters teite tsehtten et erte eitusl rnsrehite trern

an-ether. CF aeeettustisttea this htr hardware dtetantle ae+:|rase trenstatleh.

aten interptet'ree-etteeulien guest starage stttsnt Ilmiatien, and the Set

.s«:|t:iess Littit tseittr.

.Ftt.ttt]|ar'_.' aterage pretststien raters ta the dish extent iselatlen irnplamantenzl fer

nireflrsttrittsst eietts threugh ehenhel pregam transletiee.

Fsssttle-n:|-prels-etsd rs-ss:nLIt:s- rel-srs lg s has-:tt.||'es |:treIst::tsI:| by‘ BF‘ Iegen

pfiercts and mirtieistt pessttrertts.

Guest eperathg stratent refers te a central preyam Ital eperates meet the

zit-"lit eentrel gre-gram.

Dirseter_I.r esgshities reler te these eireetenr egtierts that eentret fertetietta

ittsttdsd he he resttteted by apeeiit: aaslgtment. such as these that permit

strstsnt ittegrity eettlrehte lee bypassed erthese net ittsrttletlte lee gsneralltr

grerrteel te Ltsers."

This tlefitiien, ta-getlter with the preeetllhg ataternent, la a guarantee that ‘u'||.t is

shlete FI|'I:|-'t|'itZlEIl.Ill system ittflgrijftflfltfl "|"ltIl guest sttsterm. sitditst IBM tel tit:

any exp-esure te this H-IZt't't'E'tI'-Ell‘. he-esuse the GP pregram andlte guest sttstsme

ans tltder the psntml at the customer, the athietteel letrel el syrsteht 'ntegrttt.r

depends en the tt'strthe 't"H emrirenrrtertt is set up and maintained. This she is

matte 'ttiIt'_|.I' etesr ttgr hatlitg eustemetr re-spensihlllttes tteitg tzlelitee as telews:

tltthie ptetentten at the eusterhers chta remains the eusternetts respensinlltgt,

eels fiEt3l.I|'I‘_HtDt'1rItLIBE| te be en srss el tr'rtst imeertsrtee te IBM. |ElItl’s

eemntitment te the str.-ism ittegrltr etthe z."tt'tt.t ehtrtrenment. as -t:le:serI:+et:l it

Ihls statement, represents ahtrtherstguitsartt step te help sustemets pretest
theirelsts.

Fred-uet tleettm-erttstien. $t.I:tiEH§-‘I tethsn-ge. deserises Ite setletta that must he

tatten and the taelliles that males restrleteuzl ta eemplement the sg.ratem

itte-grittr sqnpert gretrizletl he :t‘tt'ltl- Bush setiens sntl restrtetlerts metrttsnr

ttepentllhg en the etrstern. eentlgurstlen. t:It'Ett'I't|'i|'I:tt'1I'I'IEtlt’t. The etiaterner is

respensllste fer the selection, tq:tpi::at|en, adequacy. and ittptemsntstlgh at

these setiens ertel restrietiees, end ter eggrepriste sppiestien eerttrets-

Be, Ia give a shert armtrertethe quastieh: there is he etttsntsl greet er

eertiteatten tlite E4 frerrt the ITS-EC fer PFtI'5t.tl that WI systems are laeletetl

trem eseh etlter. Etut IBM tt-srratts the itte-grihr et the sites! rrleeltirte irttertsee

and '|'t't|| aeeept itlsglittr APttFts and hit any prehtem ettpesea.

Te snssrsrthe elterquestierts, egsit we take e sleser leek et the t|-'E|jf "-“lat

hsrtetes the sharing. ‘setstien. reeerttiguratierr. she rnsinsgernent et reseurees

hettrtseh guest strstsnts. A eernprsttsrtshta stltnmaiisatisn ter Ihls ls tjtreh it

hgpentitt E at .l.I'neet ttsrfi-"EH1. E1324-e$E?.

111 L'I'tI.ItH:I1|Bfl t.’Ij.'sen'erI'-Sflttile EtI1r:l sees |EtP'-'Il5F' 5t:ltI|tst'ts



Dennison end menegernent et guest systems

S'rnpIg.r put, zI'I.|'II.ttrenstorrnstt1e prlncjntesot osrI'rIIon‘ng—nI1ieI1 on the

hardware tetrel are provided tw the F'FI-'Sht rniorooode—to the LFiI'tH

enulronntent, end enricttes them win uirtueItzetion_ The tlontrol Ftro1;|retn{tJP}of

'I.I'|I.l ls slots to t.ri1u.eI1e I‘I.s1'dtr.tsI'e resources, eiiterlsy sltaritg or perttlionitg real

hardware resouroes. £tt'|J[r' emulating their behavior. The definition ot the virtue]

guest s'_.retents end ot the resouroes eusiletate to there. as well es the

rnanagerrtent of lhisentrirortrnent, is also protridsd try the BF.

Etperatitg strstsrn talures that ooour i'| eitual rnaohines do Itot usually attest the

s-'t.tt.t op-eretlng systent rutnhg en tire reel omoessor. end or the other guests. It

the enoris isohirllttd to a tlirtllfl meshirte. onht I'Itt1 virtual mashins hits and the

Lrserosn re—IF'L without atteotlng thetestitg end oroduotion wont rurrnitg it t2tI'tEt'
Irituel rneettitee.

'I.t'Iut resouroesanddstirtitions are protested through privilege teteh-. Ftousst salt.
in general. ntanit-ulete itsown ern-Irorttnettt: but wihout speotet |:nrt1.rItagee.whiI:tt

ens undereustorneroorttml, one guest eeretotrnenflnuhte shelters environment.

Users otthe trirtual ntaohitss are unaware oi the trirtuaization done by BF. iust

as an LPAH is unaware ofthe t-Ittuatization done or PFtI'Sht.

Usereeoesstotnetrtttsrstetn e|tdisI.ri1ueInteet1It'resoenI:reoontt'otIed t:n,r1tte

Ftssouroe Access Control Feeti't1,r{FlFtt}FI liosnsed pro§rarn.tI1e stletegis

saouri;.r taoithr tor VMIEEA and WM. FIAEF also shestts the authort.tation tor

‘me use of strstern resources tltte mitidlstts end dete In spool ttles, end ettdtts the
use otI1ern_

Howetrsr. the FIAGF ttetahaee sannot he shared wllt EtSI'£t9IZt. In addttton, In a

sonttte-It ‘nth! environment, we reeorrntend Ihet you use ttte Iittreotorgr

hntairttertortse t'Ett'r|-Iaitt: pn:Iduot to meittait the user tire-story.

Prosesaors in a ttlut em-irorunent

The UH Control Frograrn ttelines md sssigts togtoal prooeseors to the guest

systems. the trirtuel medtites. These Io-gioal one-oeseore ere metotted to the

Iogieel prooessors of en LPAFI {or Ioite phI_.nsiset processors, with 'I.tt.:t ruretite on

the haters herdwaret, tthish PFIJSM maps to shared or dedtoated phgrsioal

orooessors.

A ehttet rneehlne sen hsue tn toe-rt Itituet prooeesors detlned, etltough e

tfieriss senrerssn pttysisalty onhr hsnrs IE processors tGF's or IFLs}. If the

operatitg sgrstent rurrnitg it the trirtuat ntashrte is capable ot‘ using rnuttiote

orooessors, I wit clsp-etoh Its wortttsed on Its ulrtuet prosessors es tt It were

rmnitg it a dedicated hardware strwrorlnsnt.
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The UM Central Pregam hanclee cispatdritg the aitlul greeaeaereen the real

preeaaaera srreilalale Is that ritual rrr-aeltirra. A real pra-eeesar earn attlrar be

deciealeclte eelrtual mar:h'ne. er shared arnang rn'rtual r'I'IEtI:hi|‘lvEIEI. {Keep it mhd

1het1he"r"Ir1I3Pan|:.rharrr:Iea the|:reeesaersieen1t'ele.trrh'r:h meanettretitrl-l'e

rI.rrrning iten LPAFI, a raalpra-ea-aeertetha 'I.l'lu.t Central Fro-grarrn earr alselaa a

sheracl Fhirflitalpreeeaeertialatdted hgr FHI'E-'M-]

There Is no seeuriy n's|r'. II the raseureee at "Hr! guest s'_I,r§.'err'E are ramnligured,

erif Ire virtual preeeaaers at elilfererrt gueet arretema are riepatehetl te the eame

plrgrsleal t]Ps er lF|_s. The state at s |:rra-zressar hr preserved larena guest and

resteretl teranrzrtherllyr lhe 'I.r"|-I Central Fregrelh [net as PFHEH dues larLPPrHs]I.

Th-aretere. rreintarr1natir:rnealt he aeerdantalyr pawae lrarrr enatllut guest system

to arreflter In lhls way.

Mamaqr in e ‘llrl amriranrnant

Eeeh arittal rnarrzhire has is sent delited ulrtual memarg.r_ The plry-slsal reslderusgr

alth-e guest e1_retem's rnemarrr pages in real eterage is rrrerreged by the ‘rflrl

Eienlral Fre-grant's pejrg meehanlerrr. Pages that have net been relarerread earn

|;'r-e rneued am at real steraga, allhar irte expanded sterega grants a paging
tlerriaa.

Wlten a ritual rrraahlrre teueh-as s gsgathet lsne ranger in rest eterega. a page

1'aLlt secure and the IZ.‘arr11elPregernwI hrlrg rhe mlsslrrgulrtual page had: ‘arts

reel elaraga. The mernenr edakeeeee used -rrrihit a rrirtual maehire are elee

rrirtual. endl're1.r have he meanlrr-g eutshzle the rrlrtual rnaehita.

'|'|"r-a are Gartual Fragrem ales alaursrlre shaflng en‘ rrituel pages by a rrurrl:reral

ritual ntaelritee. A shared rrirtual page regtrieejtret arra pageel real eterage. ne

rrrattar hear rrrargr rrtrtual rrraehlrree are Er|‘rErl'|I‘r1;I I. Thls can be used fer sherlrrg

1ha Lirux IeaI'r'ra|, which Is reed-r:rnI;.r le Ihe guests, errlaraad by me Irauttu.-ans-

'r.r'irIual disks rtrulelt] can else he shared by several virtual rnaehitae-—en=:I data

tram shared rriridisla {HIIZIISH} same-sealt he eepiad Ie priuate rrirIr.r.aI pages.

This can haue eprefarrrrd efleet an the preduetlue use at mtlttrla slurred Llrtrrrr

guest egralarna ina .1.r"nI'l'Ir'| em-‘lerlnarrl. Hater te fi=|tap1ari!,"I.I'irtua|aar1-rar

arehieatura" an page -15 and Gltaptar ttl. ‘Ctenitg Lirturt Images" an page see
for a mare detailed risausa:'an_

There else is he eaeuritrr rietr; itha rrrarrranr at ‘rr'lr'| guest erretarrre iaraeenfigurarzl.

aripertlensaf lreulrtual mameruaf aneguasl eralaeatae|h1,rIhaGF In ptgreiesl

rrrarnanr rejene w|'Iere the thte at anathar aueat resided aerller. |'r'|arnarr.r is

elaareal aharr I eharrgae harrde. and ttrera is he rreetigial interrrrat'rau that can

"laalr“ tram arre guest ta anelhar.
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Cl"iH'tl'IBi!E Eflfl Bllfifnfii Id-B'|i|'iIi3-BE in I ‘I'M IHfi|i'il"r‘.EI'Il'I‘il|'It

Esslr ep-srsrtlitg sirsiam rtrinirsg it its sun i.r'I1us] machine sernrnuriisslss 'a'itI'i

iritual desices. Tire rriappirg sf virtual is real deirises and reseurses is hansled

‘ifl'H'I5|Ii'-E]'-E|'tfl].f by the WI tlcritrci Program.

The rrirtual DAEEJ devices used by '-r'I1us| rrisshiriessre salted "-"id rr1'I1idisirs.

Three are 'rn|:IIsrnsrrted l:i;.r psrtiieriirig a reel srsec irehrme inie If.‘-"_i|'i'i|2iiEt'i'H'i§&E

that eppearesseperete dlsii irciumestc the sinus] machi1e.A mlriiiisii can scan
at -nhdle real {Bl-nrdltlna. fir real lid»: sari else he deiissie-::i tie at i.ri1us| rnsiahiri-s-

iu'|i'ii:I|siis i[IiiD|$it',i can lee shared er ncn-shared. ltsulicrired. ens trlrtual

rriach'rie ca‘: Ilrilrtc a rniiidlsii heicngiig tcaaailierirhtuel rnechhe is access the

data an I. Links can eithsrtis read-enljr er read-rrrie.

'r'iitien a rriiiiziisic is rrrie-shared. ssme seiiware is neededie manage access ts

me data. GP is ahiete cache ihs ccntsnts cf miriiiisinrs it real er esp-ended

eterege is 'rnpccse epciesilsrt reepcrise frnss, and is share this mhidisk esshs
i:I-etilieeri seireral 1r'liI.ral rriaizhinss.

I is else pcsshietc deiite iiirlusl mlnislistts i"u'D|Si{i, srhich are rrispped his real

siersge by he WI iLer11rs| Pre-gram. 'nsteed sf resiilirigsn reel |J.eEEi treltlnss.

and is share them. The priricieles ei usitg shared rriitiiziisits. =5I'|EtI'Eti:I rrr'r1idisir

ca:hes and shared simrai miniclslrs between multiple Linus guest siisierus is

else very 'Inp-erienl ternrinirig lnllt'|:I-I-e clensd Lirrua guest systerns tI1dersi"iI"lu|:

refertc Glrepier 3. ‘iiirtusl serirer architecture" en page 15 end Chapter It}.

‘CI-I!Ii"i|i'i~g Linus images" en. page Eds fer a mere detailed discussica

I‘ devises such as 31 Dee pert are dedicated is a WI guest. the "i'|'I.-'| epsratiig

system dc-esnet iriiiuerice the use cf this device by the guest cueraiing syrsleru.

else, the dedicated and secure use ci peripheral desices surh as 'ii'lI.i rrihii:|'rs|ts

is earned. E!'i|'IEtl'i it shared shsnrreh and central unis are used.

Frsrn a ‘mi perspesfiire. iehirsisalir shared tiut iegisally sisiiici deirices i[e.g.

mi'ii:I|siis} are. icr all intents and aurpcses. separate- Cine guest carinct access

enctirers data {e.g., by seekirg I:i-e1_.~cnd the end cities‘: ass. Iriteriererice by cne

guest wih sneihertrsrn a isertemtanee trie'rrpe'rrt can escur. but it iscenireled izrir

'I.i'ii.i si:hedu|i'ig me-zhenisrns. 'iI'Ii'here deirlces are iegiceiiy shared {e_g., ashered

rr1i1i:|isiti.atri|1erizaiierI- must be men by a sarstem adnirristrelerts edailnishilwrs

sharing.

ltlstwerlring in s ‘iilil awirerrmsnt
iiietweris cemnri.inisaticrr Ieeiwesri a ‘tilt! guest system and the eutside uicrid is

estahished cserihe seme |:iI‘I'_|'Eii.".'fl| Iiardwere devices (USA. ch.erine|—atteched

senirsl units: as |i||I"E1.I'i-|:i~i.I$Ij|' described. lsui ihs ‘iilil -Benaei Fregarn manages

accesstc iheru. Di ccurse. ‘iiiil eniy manages the devices ishen their are defined
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as shared {rather than dedicated te enty ens virtual mashine]-. The neterertt has

te be designed and set up as that nu uneuthertzed assess in state errsseuress is

pessirte-—-anti tar sj.rs1eet'r a::im'n'sIratinn tasks. a separate narissrtt 'rrri|I‘r secure

assess is especially reeenlnended.

Fer netrrrert-: eeenrnunieatien between a virtual ntaetfne it a 'ii'tut LF'.It.Ft and

snattterLPt'iFIan the same zseries ssnret. asttaretl DEA pert can atsstea used.

I bath eparatlhg systems sdptpdrt I|'II's rzerlt-Bfitiirlt, even Hiterfiadt-HIE E‘-Eh he

used {at the tine -rr-riitg. heeretrer. nu Linux stirrer fer Hiserfiedeete was

s-.ratistuia]_

F-er sarrununisatitg t:r+st1eesnten:r rritust rnarzhinss rurrritg it the same 'I.r"tr.I'|

system {wilt '|."t».l nrrrnitg it an LPAH area the netitre herdsraret. titres adztiienal
aerrsntrrisatian eshietes ans srraiisttta:

r The eittraltlharutst-Te-t3harI1eI{1rtElTEI] devise uses trituat tit! itstrustiens.

These are ittereepted he the tttrt Centret Pregrent. nhtett ntwee the data

between rnetnerjr butters

r The Inter-Ltssr Eernrrrmiaatitrrrs 'tiet1iste ttLit‘.3‘u'} presides a him-speed pine
tar senrntuntsstisns trehesen eituat ntashinas anti the ittut TGPJIP stsrztt.

Ittrittt eennsettsrrs can be estatetishatl tnet-it-sen pairs at virtual rnacttites en

the same ‘u'tI.t E'_t|'$lEl1'i.t2It'E't|'El't an diiierent iritnlstrsterrrs.

r- trttttia 'ii't3TtI‘.= and rues etter p-eint-te-point eenneettans. the '|.ttr.t tirest Ltttri.

ittrsctuasei with s.I'i.itrt 42, presides t'I'tt.|I||'.'rt1ii‘il|u||I't|Ja|-II:-iii-I1t't-Erlzli-IitI‘iE halereen

guests. using tritual Hiserfiesitets adapters reihin a zr'tittt strstem.

The 'I.tLTi't!.‘J and the EI'tI'EI't taster l.H3'it and Guest LAN sennestiuns are essential

tar lte netwartt design at rnulizuie Ltturt etrtuai rnsshines runnhg it ens tttrt

system, will ‘til-I rtltning tcrettt "It LF'tt.FI er'lt basis made.

an the ditsrent itirds et eenurrunieatien tsehrreen guest systems and LFttFts

tsuatt as share-ti CISA. Hhsarssaitals, tUE:t.i at 'it'GTt3} are eerrrptetaty secure it

that an urratlttreeized third paetreanrret eatreedre1:I en them. Hem-reeer, treat: it

n'iin+:t that assess te these ssrutsstiens is eni'_.' as sesurs as the ssnne-etsd

apeeathtg systems usttg titers-

5.2 Linux seeurity
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I is hesendtttesseneetttis redi:I-est: tudsssrise althe mettts-ds and tests

ssstishie to increase saatriy en Litur-:. In this se-stien we tissues gene-rat

rseenenendatierrs tee It-BItt|:|it§| your Linus: ser-terse-strre. in ‘Additional sseurihr

+:tesurnentetien" en page 120. ere tist ether suurees tree can referte get a mere

netrqsrahsrtstee sesnrie-.e at the trsrteus securtty issues surrsmtfltq a Lttus
instalatien.

L'I'tI.ItH:I1|E-til r.’n}'sI:t'I-'I°:rI'-3tt1'n'rit-tat and sees: |EtP'-'Il5F' 5r:lI.I|tet't5



5.2.1 What Irind of protection do you need

The way at Lhut: seryer sholld he protested ts righrydettereisltl Inon lte

eeryer’e nurpom. Therefore. oonetder nhet ldnuzl ot eooeeeto he eenter to

required, whet eepoeuree hetreto hetelten 'nto enoount. tuhet I-t'I‘t-El of eeeutty

eltstslreeen he expected. end tlttushtoehte use "It erderle eneure Iheseeurrty of

the e1.retern.

Etesed on the eseurtty t-eetee $1.-|l"|"|I|T|Hl'|E|r$ efferent it Lin-at-ereesse. Steed-teflii

Htd it Linux fiztrz-'5-‘eriee and Ereett: tJt'.st'r1'ttuttFonst SEE‘-t-fifdd, we melte the

following general reoenunertdattone fer oroteotlng your Li|'tt1tt: eenter:

-- Disefle unneeded eenuces

Depereing on the Linutt eistrituliort ueed. cilerent eeruioee ere eotiyeted by

deteul. ttterty of he neneortt-reteted eenttoee ere henuied by tnet-:t {or

tttletd}. ‘Ihu oeut deeeltrete rneny ofitese senr'tt:ee by ed'rt'ng the

tetottnetd.oont or ete.I'Jti1etd.eottt titee -[I:Iul you should oorteiderosuetully iite

eeryteee et'e reely unneeded before you rentoye them].

u- use the tee wrapper

To pretest and toe the renteititgt eentiees. the top wrappers daemon {teed}

should he used. tttlhen e oontntuntoetiorte eerytee requeet ie reoeiyed. tntd

ityokee 1:t:|tdI|I'5t, tettleh then een tnyotre the requeeted eenIiee_ The teptt

daemon pertonne some yer'rlieat'h:It1.togsite request erooonitgto the setlitos

it the.tetoteyetog.oortt tie. erttfioroeeemeee oentrol end then. 'tIeyery1hing tetn

order. peeeee the request on to the requeeted eern.-lee

r Uee Eteeure Ehel for remote eeoees

Etnuty etopotttg e eenntee I-te tehet Is not e good solution fore Llnutt eeryer

thetneede to he eeeeeeed remotely. To elettr rernete eeeeee end to preeent

the password sent to telnet trern being 'sn'rIfed", reoleoe the telnet sentiee

with the Seotle Shel {SSH}.

SSH eonnectlune ere encrypted enetpmletzted egeitet IP or [this epootitg.

Eitilsfltt. the secure ooey {soot eontrnend oen he used instead of FTP. end

eeeue legit {stuutnt oen be ueed iteteed ol I'|t:t§|"t-

For edtltionel security. remote legit for root sen he 1oI|:Iidden. Then root
aoeeee eillbe inlted to the Line: oorteaole uttioh is e ‘u.I'lt'| seeeton. In thie

eeenerio, both lte ‘u't.t end the Litux peeeurorde would heye to he necked

us Use .-dtedeer peeee.-ord utliiee

The retotpeesyrdfile otten eontshs ertsrypted ossstyotslsitet can be reed by

all ueere. This ereetee the noeeiaitty the] week pee-eeorde oen he ereotted yte

dlsflonery etteette. To avoid thle yuherehitty, tee resomntend that you uee the

shettour petseuord utitty. ehore peseeords are stored it the fetofsherdote lite

{uI|1toh does not have read eoeeee].

or-were Eeetrfheetieehxe 11?
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Additienelhr. this tile eenteite itterntetien eieeut etqnielien end renetltel. ee

meirrtenenee et peeem:-rde ie eeeed- Uee et ehedeie peeeererde ie the deteutt

it current 1.:-ereiene -cf eIme}erdiet1'ittutiene.

Use the Pluggetrte euthentieetien t-rteutute {PAM}

The PAM pretridee en li|:nre:g.r et euth-entieetien medulee. ell Ieeated it Ite

retereeeurlty directen.-. Theee rnedulee etteretenuerd pneeeduree ter

euthentice.tien purpeeee end teen he used tnr 't'E.ltDLlE eereieee. irrhielt

eenligu relien ties are lieted in the r:tirecter'_i.r fetciteanr .d.

1t'|t'itI'rcul Iteee rnvrztctu tee. e-.reI5r epplicelien 1.'u::Iutr:| he-ire 1£|- certlein ite etun

euthenticetien ce-rte. ii Et|'t1_.I'tITl'tg mere then the etmderct ueerauthertticettien try

peeeirrerd is red u'red. And it the etnhentieetien requirements ef en epplieetien

change. the Ieltcle app-Iicertinn eiculd |'reI.re te he recernzrilecl- By ueing Ft5t|'e'|.

enty the eentiguretien lite ‘rt thetete.ipenr.=:t etirecteryr tree in be ehenged.

tit-::initer eeeuritir newe end elerte

In erder tc tteep eiereeet ct net.-re ccincerning trulnertebiliiee cu huge in

eefiwere running en the Litutt eenuter. the ejretetn eclnhietreter etteuht dtedt

tt'reWel:i eitee releted te theee preducte eften, and elect chedt generel Linux

security--related L.|FtI.e.

In ertlrtitien. the sysadmin eheulcl Irequentltr rneniterthe leg tiles efthe

ee|:-licetlene tueuelhr leceted it the direderir hren'teg.i':i tier enir pretilerrie.

Uee LDAP eerirere f-er euthenticetien

Ferdiretiert eereicee ei.rerTt'.I F'tlF'. the Lightweight Etireetery .F'-eceee Pretecel

[Ll2tit.F'} eheulct he used. Dine errnere LDAP eereere eenteln the date rnelctng

up the LEt.FtF direetc-ry tree. Inferntetien e|:.'-eut e|:-ietzie tel.-eh as p-eeple.

erganizetienel unite. nrintere. decunente. eti:.t are eterect ee entriee in a

hierarchical etrueture. LDAP ereeieee e nteehenientier eliente te euthentieete

in e dieetergir SEl:|"t'El|', in erder tc get eeceeete the lnlennetlcn prcmictecl there-

The inplementetien ueueilte prerrided with Litun "re tZipenL[eiiF*; reter Ie the

telleiirttg UHL termere lnterrnetien:

htt|:u:.H'u1u1a.e]1enida|:n.:11'g

Eetup and usage el Eipen L|Zie.F' ie tteecntiett in Lin utr fer zfieriee end 5393:

Etietritz-utiene. SE2-H264- CIpenLEIttF' ereuidee e -r:t'recter1.i eeniiee celled

51l|:il1.1.I.t|"ti|:|'t hehdlee eeeeee centrel In-. end rnenegernent cf. the deteheeee

cenleining the direclery trees- It elee eenleire lhe elm-pet c|.eernc-n.1.I.rtri:rIt

helps slepd ere-.'i:ie replicated eenrlee.

Ir Uee firer.-tell Icicle lc eaecure -_.rc:ur netr.-.i-ertt

|Jnu:r cn IEH :35-«en l"l' zSeriee end EHJEIII: |SF'hIEF' Eteluttene



Te eenirei the irelfie et TGF end UDP peniteis tgr usrig the IF‘ firetueii ruiesen

ihe Lihui-: lternel. |PTeblss sheuki he used; see Chapter 11 . ‘hleiuierlt

hfrsstruslure design‘ err page 235 for details. Thereugt euaustisn and

planning ei the netwerit inireeiruelure is reg uireci regen:ling the setup ef

‘iiirtuel Prlrreie hietwe-rits {‘u'F'hi}i. ‘riclurziing the arrangement and use er‘

prexies. reverse prizsies. and Iirernsils

Preteet e.ge'ris1uirusee end trejen herses

Eieeauseef its settiirere architecture [in particular. memory management and

iiletuser p-enttissinn design]. Liriu:-r is net susr:e|:IIii::-is tn the trsdiliensi u'u'uses

that plague mere elernenlerzr epereting systems iiite Windows-

Eiuithis dries net mean that Linux is entireig sale Irem mischiel eresternai

titresls. espeshiig *1Isjen hurse" pregrsrrrs. The distindisn between a 'i.rirus

and e ireien herse is eritieal. and illustrates wirir Litutt is rsletir-rei§.r immunete

ii-irusee but nette trejen herse pregr-ems—se ieI's et-tp|e.i1 these l$|'|"I"l-5 here.

What is a trirus

A nirtu is s pregrsnt that estiueig eperetes. ineispsndenthr en a user. is etiesi:

i.-eneus system resources. Dn rriiesl 'ii'i'indeiiis systems. a user is else the

sclniristraler. Theretsre. sll system resi:-ursss rjdisit. memsr-_.'. spplisstisns.

tiles. lugs. devises. etsi ere eieeessiale by emrene er anything. irieI.Ii:lng the

virus pregrem.

it is intpesshle ter 3. Li|'||.liIi eserslitg sirstern ts sufler sirsierri-level damage

irem s uirus. because it sennet get eeeess te leis-Iettel sgsierri iunetiens.

Heweser. Just in-eseuse Linux is relstiuelgr sele irem viruses deesnt rsreeiude ii

trem spreading rnsil-isssed uiruses when it is i:r-eitg used es e mail server.

Ferthis reesen. there ere eniiirinis pregrerns thei sen he used iereieteciien

end disiniesilen sf ulruses end mslleisus sede psssingtiieugflt Llnuit

1ireuire||s;fe-r err-temp-Ie, refer te lhie fsllswitg UFIL:

hLt|:i:.i'.Hn'iiI. F-secure.-sen

1i'i|'het is air ueien herse

Eiiy sce1trsst.sIrtig_iee iiiente is e pregrsrn Ihsl ssnnet epersle unless I is

'r'iueii:ed tunririttitglg,-] by s user. Eeltereliy speaking. Liturt sgslems den‘!

eitesuie treien he-rses en their ewn: Ihegir must lee sits-suisd snpllslthr leg the

user. end are espesieilir dengernus Ii the user is the met er superuser er s

Linui-r s1_.rsten1.

The reiere. is help |:II'enrsi1tti1s iitr-:-tiuetlun end eseeuiien ef an trejen heree. e

siistem edminislreter sheuld, at e minimum. eireid inggitg in es reet nr

ether-vise sssurn "rig superuser sspslailitgr unless its ehseluteigr nesssssr-_.' tsr

serne sgrsednit tesit. end sheuld furihemiiere ensure nreneraceess

perm isslens en fiies r[1.-.Ihish is t'.isrtii:uisrig impertsnl fer system uliitles.

desisee and leg lies].

Chapters. 5'-eiruritir err:hiiei:i1.re ‘I19



A very useful herclening test is tripnire. which is able lc detect and repcrt tile

end direetcrtr medillcetiens. This csn help tc detect trcisn hcrses end

rnv:u::l'rl’ie-d sctttsrere left by heclters. ler example Icr snilthg pesstsrercls.

- Use tccls fcr testitg nehircrt-: securihr

the can use tests such as the scenteg deemcn te test r'tEt'tttsl'I't s-ecurrtgr. This

dsemen is sets is recs-gnlze it scrneene is requesting were then s spscllic

nurriherct perts per seccnd. which can inclicetlethat scrneene is scan n he the

Linux server fer insecure pcrts_

5.2.2 ttdditiensl security dc-cumentstien

The fcllcwihg dscumentsticn presides detsiled infcrmstisn sbeut Linus-relsted

securityr |epit:.Ths paper ‘Addressing Sscu rityr Iues in Linux". by tslerl-t

Chapman, presents a breed cuenrieer cf the uericus security issues reearcing

Litus tnstelleticns. end whet yrcu c-eh dc tc keep these eubiects under eentrcl. It
is available en the 'rr'I.I'etr et:

hfL|t:.i_tes,e-snftetsr*e-Ii:t1.r~nrI.I'-its-uetrperfepehcnttmeft1hIILI'p.epe'r=.- ptnp

it very us-elul peper. it ciscusses the meet ccmmsn tccls and utilities tcr

increasing the level cl securittr. snd refers 1.-cu tc vreneus UFtLs tcrfu rther
inferrnetien.

.It.ncther excellent paper entitled "Lhuti Security State cf the Unicn". by Ftcbb

Hcmens end Emily Ftetiff, is sled ecsileble at the ssrns URL. The suthcts

discuss the main prejudices rs-gardirtst cc-en scuree sctteere if general and Lin us

in particular. which citen inhibit the use cf these predusts in preductien

eneirenmehts. The ecntentlcn is that an cpen seurse epersting system heed nct

he insecure. Cln the ccrttreqr. the e-.'eilel:ti|it'5I ef the sc-u ice cede eueilehiityr

implies the actnrantape cl a sew stmle prcduct [because euenrcne is able ic run

end test it], tllhcss bugs sre fitted with e:-ttrserdihsrtr speed.

The paper lists and describes pteiects that are understatr te "repress ctreral

seseptshce cl Linus es El. secure cperetitg sg.-siertt. reeds tcrprcuzluctitre usege in

en enterprlse en'u'|rc-ni'r'tel1t.

5.3 Crtrptegrephy en z.fSeries

SEED and zfieries seruers efter spechlizect prceessc-rs fer cryptc-graphic

cpereticns. The IBM Elli-Es :Sen'es QIIIIZI suppbris up 1c eight FIJI-EH3 cards. Esch

FBI-tit: cerd eentslns trrc engines end is ssslrgrrect it-is CHPID numbers. using

these cards tcrcrzrptcgrsphic cperalicns. the I3F's cr |FLs are released fnsnt

these prccesscr-ebscrhing instruclicns_

‘I213 Unus er1|Et.l :35-«en r-r zSeries end EHJEIII: ISPMEP Etslutiens



In en IEF erASP emrfrtetmerl. eryqzte-graphic preneeduree are generethr Lieaed ItH'
eeeure TCPHP e-an-neetlene tr-etareen the eaertrer and Ihe ueer eerrueauhe-re it the

lnlemet_ Applicafiens let fire-trek, Wei: eenlitg and rrlait sereitg have the

reqtllreerrerttte p-reteet data. ae erreem In Figure 5-1.

F.n';mre5—r Ueeyeelzfierfeeemficr-Cfieerd

Th.-e ape-ralitg system IE5 te he etlle te reeegnm er1,rptegre,1:hieir|strLte1ier:e,

paee there tn the Pt.‘-|«EE card he he executed. antl return the eeeurl tn the

applteatinn.

Line: err E1353 emf zfiertee wtl prerriade fltis fmctrenatily Ier herttruere erusryetien

in the tired step Ierlheee ae1_.Irrrrnetrie elgerithrne ueetl Izrgr SSL.1.I.Ih'reh 1-rill reeutt it

reurnarteiate gpertermeruee eruheme-emehta In-rSSL traneaetlnne. The tuture

firezzfiene will atee itetude hardware cryptography fer etrrnrnetrie elgerithrne

{such as DEE. EDEE. HC4, et-:.:I. euppent ter enrptegrephte tie eyrelem. and

Ii-gitel eigneturee-

From a eer::urit].r paint ehrtew. there are ne system "rite-grit} e:-tpeeuree "II the
FGHJG cerd te shared and need teeth Irrtth DSISEEI and Llnua 1.IrerHheed.eetde

trem toeteruttel eedterrnamze eeneerne il there ere net eranugh errete Ieateree.

there are rte eeeurittr eeneideratiens. Eaeh eperatien is dieerete and trrdep-erreient

Ei1Ip1:irE.S-Iu:u:'i=11' arettihehfl I11



ultnsa thai pmoe-zla urfulluw it. ‘I-'|'I.l rnanagaslh-Ia +:|I.Iaua oi mquasls to ensure

that ag1.Iaat¢an aaaa only in awn request. aawlh E aharad pnmaaaanr are aimed

+:haru1aI_ D1 ::::nLr3.a, H nacassanr. a PGIAZC pnrmasanrcan also hadacimiadm a

Li1|.|.||: Qua-slsyst-am "I1 a mum: rIIach'rI-H.
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Migration planning
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6.1 Where to start

The reatttttr ol amt large organization's IT 'nIrestructure Is that ideliee easy

ataltraia, so how oloyou seteot ttllith aanrara flteilfl treat tartcittatea for

migration‘? Err soltring the biggest problem lirat; locus on the area tel'tct'e there is

the moat "pan". and ti: ft.

6.2 What to look for

Consider the lotlort-lrtg when seleotlng tuhtrtt s-eruersto migrate.

6.2.1 Small scope

The most suooasslul tranr early migration ouatortters we've been ittrottrerl with

were laced teilh these amel-scope tBt:|Lirttlt1Bl‘I.t5:

Iv |'~laa-citg to UPEIEEIE multiple sanrers rurtIt'ng on older hardware

I- l~leet:ing to upgrade rrtulliple sertrers running on older operating systems

e- l'~leet:I'tg to increase dtelr oepeottg

I- Bang unable to jI.teIi"_r tltvzlerutizaal s'rIg|e servers

ltlomtel atlrtllon presents many loeterislr opporltrniiee to oonsolldale single-use
sereers. Thle l:tu|l:ls e trad: record ol success and customer estlslsotlon_ The

firtertotal sompaffion is made using real date.

This type of migalion will not jtrst'rt'_.rt|'t-e purchase or at new 3t3$El or z'$an'ee'.

Instead. ttaaattrnes tltere ls er-ttra oepeottg on art steed; lnstaled mauzhlne.

However, the ircrementsl cost of rtnrtlng the migrated eenrerscen he trery

Eltt‘-tt.ltt.ll'fl1Et|'_||' rnessureel in terms of the aunt: oosts i'|1l'l~Et dstaoanter. When

oonuzteredtolhe costs of many t|Jgr'ades to menu smel senrers. thls hcrementel

eppreeclh is uenr srtreclhre Ii1enc'rel_tr, espfitzlally In temts ol techmcel stpport
ooste. File and prirt servers are tlte ttrpioal atrantples otthis migration. and have

been trenr successlul.

MI-tlilllt scope

t.'lrtl1ercuetorners lteue telten a more comprelteneiue approach- Ftelher than ttrelt

for senrers to reach and-or-I'rfa tr-elore rnigratitg them. arnore global and

proaotltre plan Ie used. Borne itdloarore for trslng this approach are:

r Gomoidetlng a new sequieiion

r EItilt:irtg.e1tpartI:i1g. ormourtg to at near dale o-enter

n- lrrtplementlng at plan tor tntzreaeed oapecitg

r Hedesignng orupyetirg s l'I-HI'l.tt'.Il‘1-I’.
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This typo of migation dopomts on hatrito strong skits atroar:t1_.r i'| olaoo in tho

REED olataosnlor. It assumes thars is plants otospaothr on tho maohlns—ora

huclgstto buy more ospatittr. It Iurthar ossunss anr:I-to-and onop-oration from all

momh-srs of lh-stoohnioal stqoporl staft. Tho pooolo 'nho uillsupo-olt molisatiolts

on Li'Itltt nsool to so-o this as on opporhmitr to onhanoo Ihoir strils and

marltstahtllyr. That amiss oquslhr to tho HT oomhisttator. tho lutttfi sgrstsm

onogralhmar. and Its ‘til-I syrstom oro-oralnrrisr.

Largo soopo

rt.no1horty1:Io ot migration happons in oompaniss that potoaitro a stratogio

ad-rantags it ssptotttrrg opsn souros oools. Thoss oontpsniss ohosa to bat Ihsi

buslnsss on this modal and do not want tltaircumpotttors to ho swans of I, so

thoro ara tow rotaronoas. This aporoaoh oan Iattoths fomt ot a riotrr. “from tho

ground up’ dsptotrntont. or his a oorpotstsroriio tzisoutrs to ontrraos Llhtltt and

migrate to I- 111s suooass otsuoh an implsmsntation clspsltds on:

Iv Etratsjo. oors-lousitsos sppioation osotorso on Lmult

i- Strong I:|atrotopmont.tssti1g. and support staff

u- Eiraouthra sponsotslin

Ir t3«orn|:-stttitrs ath'antar.|s

6.3 Total oost oontparloon framework

I": this sootlon we discuss the oomponsnts you st'roui:I usotooatotlsts the lots]

oost ompmn-

s.s.t Stafiing

Thsra is ElflLI'TIEtI'|1 and growing shortago otsttilod |Ttod1ntotans-Lovotaohgttio

sttsolhrsnoss of stnptoyrsss you ourrsntlgr hstls.ar1o|atIraoting tho sttll sot ootnhg

out at oolsqa. Is a signtltosrrl fhsrroisl su:Itrtrrlsgo_ Sumo oornponsnts ol stsfllng

oosts aro oomoarsol in Tatolo E-1:

Table 5'-:I' Stafltng so-stoorr1,oor:sr:It.s

"swstsst

“so *s"~srt°t"t-W *°"s"'
Gsurallzoo strll I'EIt'.||.I'I:Ia1'ir.t'5r; ptovtttss lszrtalsol ospsrlta stthfiostvs, haoztto

otrarlap and Io-aoidil dtqsisata lot EH1-sioo-raraga

Mass, auiomatod oustomlzatton htanual oustorntaallon
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5.3.2 Herderere

Herrtlerere pltee eetneelteene e1 e'I14Je-uee eertrerete e nterltlreme rnight eeemte

be en eeeyl win Ferthe eingle eenrer. iltpretluetien emrirenntent iteluelee mere

ihenjuet e hex. iiiihen Iheeeet ef heeiwere fer teieeer. |:H?tI:I'tt.l|:'.I. peel: eepeuttr,

end rte-trrerlthg ie irreiudet|.1he meitlreme can he-eeme very eempeittiee. it
eeleuletien et herdnere eeele ehetld include these ienne:

Ir HetI.I eenrere: GFUS, h'.Ej|'bfl-i!I'dE, mnnllere

r Eiielt eterege

n- hleteretiting ltenzlwetez eeitdtee, reutere, redte end eehling

- Ullitferiiieeer. in-e:itue. and peak ceeeeitr

ee.e Deeupeney

Delta centers reereeeni large eunlt +:eele.and5er'een:eI1eeIidelitI1 en L'nu:

:5-eriee preeente et twee epeettuninr te get the rnertintln reiunt en ihet

intreetrhenl. Lleing the Litter Eterhlhunityr Deeeleprnertt System etrernpie.

fiflti eenrere eeifi it the fleereeeee ef e refrigpenater. The nest pereeuele leet ler

eirtye-uee eenrere. ne rneitter h-eer eflieieritlyr etetltetl. ie geing le be e eigrtrlieent

1'ineneiel burden. D-IZH3L|3IEI‘itf:*_u|'1:I:i:5125 iteiude:

p Fieerepeee

r Heetitgentleeeine

n- Eieetri:elee|tetI'netien

-» Unhtemqntecipeeleretqeely

5.3.4 t‘.irIher teetere

The ceete ef eiellitg, heutlurere, eehwere, end e-er:ueenn:g.- can he meeeureci end

eeeieeteei erih eerne eetetreey. Theee eeete tie net reeeeeent Ire wit-ele pieture,

entl I Be ineerterrt le eeneiuzler the feihwirrg;

fleet el en eutage

fleet el rnigreiiee

Beet el exeletihg euneegitg terzhnelegtr

Gael el multiple deletreeee

fleet el multiple eepiee efene tietetreee

Beet el e ereprieter-,r erehileeture

- lilen-|:Iet1etIieeeeie
— Fteelrlete-einterteeee

— Hemeeelelfunetien

'I'I'!"I'I"I'

Irrieynetbepeeeielelflllueeeetli-gu'efiI1 eeeI1e1fl:eee.huteneetthamma;.r

the the detenninhgtettterfltet rneitee Lirlllili en a rrteitlretttethe heel theiee it a

particular eluetien.
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7.1 Backup methodologies

Eiflrritup and reslorolitflit. I1EI1iE:uler|y it large errtI'|l'onments. 'IrtI't:1|'rer$ rrlttte liitlt

sinply matting a oopy of data and keeping it it a sale location {alttougt that is

otten a good start]. Instead, eadt dllierertltype or data loss scenetto requires a

«ztttsrerrt approach to the restoration of sertrtca

7.1.1 Dififlfltfll FEtlH:t".'E!l"_o‘

It order to reconrer trorn a disaster such as loss oi a corr|:ut'I1g center or disk

sutnsystertt. you must consider hardrrare oonsizleratlorts as we! as data

rnanagernent considerations. lance you sohre the hardware Issues, you need to

make all otyour date st.-elslole amin es ouidrly as pI:Msd:I|e_

Talritg devise-teyet I:Itln2:I'tt.tFt$ isthe easiest weyto do this. Hotreyer. tttistertds to

be the most +:tisrtpti1.re and costly laedrup method. as art esrerttple. Fo|nHo-F'oitt

l-'temote Copy |jPF'FtC} Is an etremple of cietriee-leyel backup that Is etrtremely

etteotitre it a disaster recovery role. but I reouies that you duplicate your entie

dist: storage lacility. ulhioh may he cost-proltioiitre -[’[I'ti5 is discussed it more

derlei in see 'F'oitI-Io~Po|nt Remote Copy is-sect" on page 131}.

Usitg ‘u|'li| DASH Dunn: Fiestore [[tE|'Fl:I. anollter melltod otdetrice-letnel l:IacirI.|:t.

requires that you shut down the system usttg the dish helng lsecired-up. trhtctt ls

fie risniptiye {es discrissed In 13.3, "'u'ltt DASD Drum Restore {lItFI}” on

page 133].

1.1.2 Logicalhaclrm

I is olten notappropriate to restore entielile syderttsat a line Foretrarrtple. iia

sings tile is eocldertletiy deleted lront a sertrer. llte most ettioient melted o1

getting tltettle hecirwo-ul:l not tee to have to restore an entire llesystem.

DtEI't|'ttI:-El-lEI'rlE|v| oaotrup processes are not appropriate tortltis purpose. Consider

PPHG it this scenario: it mettle is deleted on the melt cislr. within an Instant the

deletion is repeated on the mitored Iifll-

The seine thitlritg applies in the case of data corruption. on errtemet tlartrup
solution must also he atreilelzule so that theflle can be restored to a time before

the date cortrqaticrt took place.

'.-'.1 .3 Baclnqs types

There are genersly considered to he tit.-o types ol hedrupzfdi and incrtsrrrssrsi.
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A tall |J'3du;|,J|2I is Elfiflpfflflllfl antirs fits syslam. This bastlp aaulcl ha uses! In

raatara that lia ayalam it it was sanrplataar dastrsalad. In adaulaa lsatlap, this

wpulsl ha an ‘mags pap-gr allhs sntira ::Ia».ripa_ In a Iaujsal hasltup, asanrllla In Iha

fils sjrsisrn would he sspiad.

an irlsramantal Iznauzlt-up snhr sspias chaagssftms the ltlltt: aflaa laatfitahsp. U11
Ila am. an itsrsmantal haplaqn pauld nat ra-slara an. anlina flla syatam.

hsrsrnrahtal hadapsssa usad as a way to I-taap lull hadtups I.Ip-tn-chts,1lIi|'Inut

hatrinng ta rspaat Iha antialul lnauzltup strsrlr tins. Inrzrsmantal tlaslcups ans

uavualII_.rassashtatl wit laglsal hadtup mslhatls, -ahara dlraslary In.tarmalI-an.

pm!-ridaraan sasy way Is I‘n|:|-a-ut -ahish panspl Ihatila syslant shangatl sitsa the

last IsasIu.|:l.

'.-'.1.al Calnplas applisalisn backup

appllsatisna such as databases. wtlistt generally I-taap tasty Iarga tilas will":

samnlalt hlarnal stmpluras, pasaa prphlams lar Iaatltup paasassas dua to this

intsmal ssnqslastity. A Izrsdalp program. Iashitg at ths lis systsm la1:aI.sn|;Ir sass

a Iarga lia. andrnual hantlla it as such. Evan I1 -ants a silgla 1 EB mssrd In a

tlalalnaas Illa at 1 GE has haan. shanganl alnas ma last hadttp, an 'nsrarnsn.taI

lsadmp stths tis $'_||'E|EITI would stil hash up Ills srltis 1 GE fils.

Elna appsaaahla alazrizllrlgltlis la la usa appisaliarl-ap-aaili: laalstp hast: LIZI ltla

appllsatian data Intsrnaly. That-say, Iha Ills systsm haclap ta-::Iit'_.r can as talal ta

igtars Ihs appisatisn ltlas. Fsraaan|:la.1tlars ass a l'Il.lTI|!}EIl' altaals farEIEI2 that

tunatlan wllhh DB2 ta parlarrn hauzlaqzua.

llnathar appr-am ghlaa tha Illa s'_Irstarn hatltup laallha lnlalllgansa la laal: hslzla

ths appisaliclt Iila tnnnat and mast i alrrlsst lika arrulhar Ha sjrstsrn Inns ts ha

Isasltstl lp. Tha TSM aganl larLstus UI:It'Ii'II:I is an a-sampla allhis. alasrilg TEIII

ta Illaw da-aumants Inaltla NSF tlalahasas and had: lham up lnslllrhzlualyr.

7.1.5 h-as-nrisa l:I-asltup

Elna malhad pl praaridhlg haclap lat sq:IpIir::atIan~q::asIlIp was ta ta uss a sllarrl al

that appicsllisn ts bash I L1:-. This san rssluss lha cruslhaasl at rI.I1rI'I1g a hasittp

plant In adsllllan ta Iha appllsatlan saruar. 'lI'|.la ralarla II1Ia slralagyr as ”In—sawlaa'

hadaup, s'nsa Ih-s hasktphappans srilhirl lha sartissu haitg prau-ltlstl.

F-at attanqsl-a,i '_|"I2I-IJ ttsa'a- El nL|n|:rar at ‘I-'i1ual sar'-tars |.‘rrI.‘r'-ril:li1g El-NS, Ills Elf‘-I5

sans data can ha hadtad up by halmg arlaltlar lJl'~lS sanraralaalahata it ths

amrlrarananl parltlgnurstl as a aa-u::ara:hr1,r DltlS_ Thls saaandanr [INS all pallann

suns transfsrsla msitlain its sapy raftha :;::«rIligurs1isn,1l1arsl:H_r snsatirlp a Insdalp

antla data. A sinllsr approach saultl be taltan wtlh HTFF‘ or I-‘I'P sanrars. using

sia ntlrraritp programs such as Hgart-
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I1 rrranf eases, the +:P+erheav:I eta haekLq:I elient en an applieaflen serserwi net

I:-e alg'Iii:'.erIL Herrreser, frern e se-eurtty perepeshlre. a hlmlyr seetre senrer Irrl

lwra he mhlrmn rrurnharet ear-.rir::es nrmlrrg ‘n nrderte re+:Iu:::a anaemia

espesure. In this ease. an ‘I1-sersiee haelap strategy may he a stitahleeptien.

T.2 Hardware p-esslbllltios

the have he feI:1rri1g herdrrere peeeltrlllies fer backup and renters pres-eseee.

'r'.2.‘I Fha|'IGt|i.'F|,r'

Fhiwcepy is e feehrre :51 the IBM Enterprise Eterage Serrreriwat sen er-eels I1

tientieel eemr ef dish Irelurr-es wllweut 'I*rten1Ipti1u er:-erailr-1;: eastern assess re
the seltlne.

 
Thisfe-stuns H1 assistflrehed-suppresses herwlrermerrls where HE htlt

eemrenrent is take SIEIEIHE tlearnerte taI:eape|i:e1ier1se1f|irre. Usiu Flashfieey.

rlaleeen he drrplbseled te elernere risk seltlnee, end then hreugn erihe ea-

anether s;.Isternsr1d hatlestl up usirIgtrsr:itierIel melheds rftap-e. ate}.

FIasl1Gep;.r earl preside the s-emesun:-ertteLiuer s'_.rster11e.l:LIrI|s|rr'.|:nc+rtmtte

eenaflerlhe hm-a-:1 enhe |::t|‘Iereaehe_ II a Fledrfiepyr Ia parlenrued Irrhle Iwere

are I:-rrfleretl write-s ‘I1 eaehe. data i11eurit1.r is lest. In a Lr'rurr:erwirtrnmerr1. the

fellew1ng steps weulcl hrssete tretelten:

1. Suqnmd uprineaie appleellens and 113%;

2. Flush the Lima hutfereaehe 1rr'rth he 53:: eemrrerrel.

5. fl‘u'hImhh:isheseliI1ghL|aed,eI1aurartis11ushedsJse.

4. Inrtteta the Paahlflepa

5. '.fl.|'l1er11|1eee1:r_.r is tlene. reeeen ap|:ir:.s;lier1s and rhlshases.

Fhslwfl-spy is daaignecIteeep1ra41flrI dislts eterree. This meensilsal eepyrrga

shgia mirrhislr Irrilgenersll-_r is-else texpflrgttre anfiretidt en whim the rrrhithk
reshzlea

‘IN LiIJrtIJ1E-H$'m1'erI5IeIileElrd5u'H}:lE|PhI.5F'5r:II|ier'1e



12.2 Pu'I1t-In-Puitt Flemete Copy {PPFIC}

Peirlt-le-Feint Flernete Deny [F'PFlG} "re a teeture el $4390 end zfienee fill:

eentreller hardware lhal ellevre e remele list»: unit Ie maitlein e e1.nnel1reni:ed

eepy el'Il1.a chtehald en a preduntinn disk The remele dial: unit dn-as net haeeln

lee "n the same leeelien eeflte predulztieu unit Illnutlaietenee reetrlelizmede epelyl.

PPHG la used e:tleI1eil.relI_.I in ‘lreeiienef SJE-Eli] inelalletiene te preelrle dleeeter

renneujrhr enlile diflt eneleeuree- E'I'rI:e Ihedalfl I'$ $tlI1fii'IfiIII1'II&fl all like time el

unite I.l-El‘, flte rernete eilel: ie eitually izleutieel te lite II?JI}'3|{Ii~'El-1;. llflte Ieeell liel-:

eI.l::aI_.Iatem is lent, the dteunnel palm te the remete else: can he hreugtlenine

and nreeeeehe reeemae etthe pelnt ef leilt-e-

PF*FlG iteure a Sign El-'|'Eil'i"IIElEI2i in ill) elurellien. clue te ile e1_.rnl::hreneus nature.

The eperlalitg eyretern eleee net eeethe I.-‘CI eernplete until alter the remele unit

has eueeeeelulyr cenqnleleel.

It a Linux eeeuelrie, FPFIIL een lee used as part ef a highly reelmdenl end

aeeiletlle permanent eterelge deelgt. An eatemple cut this design is eneem In

Flgma T-1.
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PriI11 en."
DAR I}

Figure: F-1 PF'i'i'n5-'disFreeu'riF|fgur:erien iis1-'L.i.rJL.s:

In this diagram. PF‘ Fr»: is used is s-,-nen reneusnr rn irrdr writes re s seednd dish

suhsiistsm. In ihs sirsni sis isiluns sf ihs disic. ihs psihs is The sssdndsrii -disk

unii are hrdughl enliie and pre-eessihg can resume. HI}i|.|E'i|'Ei“. while i.I'|'ui is able to

hsndle ihese device suslehing nen-disruptiu-eh.r in many eesee. ihe Lin um: gued

systems and the epplieetidne running in iherrr should be sh ul d-::-wn il ihe primer}.-

DASD is bsl. srid resisded wilh using the see-sndsnr DASD.

This design is eniieneed enddlseussed iunher In T--i, ‘High eveiiehilihr shdisss

Ir.-iih zfieries‘ dn page 139.

Hate: in “Hsirrsrie iii-1'E|¢H device‘ an page 13?, we discuss a way is produce a

similar mirrerihg rneth-ed in Li1lliL'rI'hiE!fI dees nsl require F*F'FiC.

‘I3! Unus en IEH :35-«en r-I" zSeries and EHJEIII: ISPMEP Eizaiutisns



122.3 IBH 3'-Ilflflfflalillll tepee

El-Iheerrrtltertetlrirrerter Iflflfledetfleflfltfleflfl tepeekiree.TtI'edri1rer elelrre

enrehtremetepedeuieelebeueedhy Lhur-:eppIeeIi:Ir|eerrd LlIttee.AewtI1

elherdeviee empen eerie, tlnenbe elher raarrrplleclirteltre kernelerhulase

rrredrrle ttepeflflej.

 
Etenfigunrtien

The driuertekeee e'n|;Ie|1ererneter.1rhiI;lr eleneyeuteqneeiyttrechvieeete he

Lreed by the drirrer. Fererrernpte. the tettewrrg eerrrrnenrzl Irezluld teed thetepeeefl

|'|'I.'rEII|B, rletirlng mytape di-fltflfl between dame adr.'l'ee:e:ee III-131] End D133
and ene etfltflfl:

irrelud I‘-IIIIEHII tape-fllill-MEI,-fl-ll-I

I‘ you rrrent te trmrehe rneclule leaded emzrrneriealtyr rah-en it is Iequied. eeclthe

tellewtrrg has re r'ee:.tr'ne-rI1|ee.ecri‘:

iHee eher-Ielerr-E!!! f-il-|J'l3‘W

me: Ilteelt-Iljer-25-l lapel!!!-

eprttene tepeiifl -rlerirle-eptteur I ll' ]|'II.I rurrt te |tl-«ll-I qrtterre te it

The ep-eeliee quetee here eeem te I:-e eenirren it the deeumentelten Dee-tee

Drhrereertt metette-e'err Gmrmende, Iar Izrelh the £2.16 and £4 lrernele.

fltedrieermeyeeerdthrelltarledetfieeeetteetredteflre Lll"lJ3{ rrredirhe. er

imtyrlaeglrrerr eletetdeuieeeddreeeeeteuee. ltihnet+_;I'r.renel|etfl1e

mlflaereeleeelederteerrlelle -Iunuhherelneatedteerryparlknrler

ptrrereel‘ deeteemajretrerhgpeifltreerelerniereheetederflle derriee +:I'i'urerie

reteeded. In pertieuIure+:Ieeh::e hreuyltenlire I:|LI'|t'Ig-E LIMJI eeeeien tell he

etleeeteclflte nerrtelreflltrlenuhlrerettlte line tleernee errlh-e, but etthenerrt

reheet it will be given a rrrrrrrtrereee-er1*.i1g teire eequerreeet deeiee

nrldreeeee. I a tape- parameter is preeent el E=}|'ElII'|'| etertmermenzlrle teed.

elltepe rte-Iteee lrrthe Ieneee etthe epectttecl peremeter let Irril he used. The

deiieee are men nurtrered {eeqr.Ierrl'HI1r frern zere] eeeereirruteire erder it

rrhleh 1he|reLI:nehenr1ret nuniaere eppeerrtn the let.

In lreth emee the eeeedetierre I:Iet'-reen ertreltertnel rrurrllaere end deviee

nurlnere ere ieted irthe file r'rJI'ee"leq'Je+:le1ri:ee.

|ZI1ElJliIr?. E-Ix.‘-|'|J.ll'EI1I:| rlietcril 13-3



Dpelntien

The mererirtertenee wllh pmgparreefurdeu re:e:Ie:e, Iuilh flee eerne neune fennel

expected by etendertl Linux tape Iflrliee:

e- E-hereueter rnmle:

- :'I:le'e'rI1i:Hn.n [nun-rere.I'Ie:i1I1J

- Jdeefrttlerur Iirewieehgj

In Bled: made:

- .I'de'e"uti:Hm flee read-unlfl

Elurrerl-fl1.r. en deeriee rneljer ne:e:le ruurnlaerhae not been FI:IrrI'flIj|' alhuetendlu Ihie

+.’t|-eer, ee mejerne-de nLI'rl:-er 254 Iebehg ueeed unli e renneleleeaeilen ie made.

‘lb ueetne eepeeleuiee u:Irh.rer, yen rnuel ereeie tlnefelee nerclee menuely {unleee

yeureietrierlim has e|reee:I_r created I1en1}.

The mhernwrnbere ere eleeated hpeiaeterI|ngInamI}.e:ii1fl1eeueI1r11l1ieer

repneaeenlilg lhe rewhthg I:|e1riueenI:l flue ee:|I:lrH.ImI:erfert|1e nen—ne'e'i1I:I'ng.
Th-e eeren number ie ueedierih-e |:I-I:e:l«:I:|e'uriI::e.1'r1-e+:l'TeeI eleeetee ewe rlumtler

'|JEIJl1'}Ii1|l5HIE1£lGEffllJl‘h:|,1|uI11i5lI}D{h1,fl'rd5HJfln.

FeIeJeenI|:le.tee:eeaete11'ee.fde1.r ne-dues ter|.'he- filethretep-e thee: preeeni in lhe

Ej'EtfilI'I.I'h&fDIJ1|u|i'Ig eeerrmeareie ere need:

I intend a'leIu'n-.1I1II : til I

i tend ;'lee.fu-.1Iue : zen 1

I fliled .FIlI%1'.F|‘.Il'.1l:|-II h H! I

Iflllnel HI1H'rt1hl1 I: 2!! I

I flmfld HI'I'."lt1hIil. I: 25! I

I izlnll .I'lI'I'.FIIt1hIil. h 25! 2

when a majernun1l:uer le iemeely aleeeteel and1he::I'hrerrrree:Iieu:l aeeen:I'Igh'.

elflwateullheneededhierlhefideenedeetehe reereeie-cl [ene|1he

.I'etre'rn:e:i.I|ee=.:=ent entries, 'rf|Jeeeeent, to be edfled} ueirhu he right rrlajernurnber.

Ne nzhengee he he pee-gameireel read or errrte tepee wlll he neneeeenr.

 
Fennere h*e‘errnelienen1he1epedr'ieer.re1erte Lfieee inf-5% Devieeflrflrere
flM .
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7.3 Software tflfllfl

‘Ihu hen-wine fuluwim flatware tual pussihiliiasfur t:-a::=kJ.|:I ancl m-slum

pnauaaaasa.

1.3.1 Software FIAID

Uahg Ham-alsuppart i1 Linux, muliala dial: dwlcne can ha aaanniahd lntn a clan:

may uslnru Ha-cirrfziantfirrayr n:+1' {_|J"ZJF|_.~'|.|JII prignhlaean HMD
pnzmdas many uptruns furaggra-gatI1u pmrslual dmrlyas Into continuous alumna.

ahmllaimlslyprmddhg laurl-H:ln|'aru::a and a dngrnaufdlsaatnr rum-try

capalnltryr.

 
CII1 5.I'3E'|-|},L'I1m: can uliiza suflumlw FWD hruaafitg a shale HAD wltlna

wuss did: dmrm-Ham separate tidzwntrulara.

I:I1El:IIiIr?.Ban:=hJ.lJElI:|rniat»Ii 135



FF5rr.u‘e?—E ec-ewereeereexempra

In Figure ?-2. the eulitl hes represent the reel |.I'U path ten the |:I|'i'f$it::£IIt:|-El’-"l:1EI5

irhreteed, end the dashed he entree the eeth tn the FIND eelumae ereetetl. Since

the lie egrerem is created en the In-uteel teltme, lie eyetem Ire appears he he he

he Iegieel -I:|-e~.r'ree. The Fl.fi.|II|I driver rnepe thiele en epereti-en ten the phgreieel
dieire.

‘I11-e ye-eteet lzrerlefit "er en E.-':IEItl emrirlzlrlrn-ent is mined when lhe phyeieed DASD

"rs tlietritruted across rrnrtlipte certtleflere. In this ease. ttepeetling upon the FIND

eenfiguretien need, Ihe tegieet Iretterteeen eentinue he he etreiettte if phyeieet
H-: is last.

Lhu: mflhl :i_=".La=.r-rer zsuriee erH:| Emil]: IEPEAEP Etelrlienl



13.2 Mettvcrlt hlcclt device

The netvlcrlt cleclt device is e. Linux device driver which can erevide acceee lc a

physical di-ell acraee a TC F*.llP netvlerlc [in its av.-11. i1 daee net efier much la

Litutt c-rt SJHEID. but eerltlzuite-cl vtilh a rnirrc-r'ng Ft.I!.|E| cenligu calic-n. il can create

an nti—ei1e elu plieele ef e dial: velurne in e eirniler vlev Ie whet F'PFlG dates at e
hardware level.

DEED B1

  

  

 
-It

'-.,_1 .-*"'
 

II"

..-*‘‘''J

FJ'5ILu1i -'-'-S F'I'I-it-r'c-at l:I.l:-cit device cease-efie

In the example ehcvm in l-‘lgure 13. Linux evelerne eperele an ltvc eeperete

prcceeec-re 'I'I Iv.Ic- eitee_ Dieit devices at I:-c-lit Iceelic-he are ecceezeeci cnigr by the

Little eveleme Iccal 1c- the site. Some cf the disk. heweve r, is Iirltecl via the

netlvcrlt bled-: device tethe Lhua evetem in the elhereite.cree1ing llte

eennectiviltrsh-Dvm in the diagram ivdtere legicallv. each Efvetem hae eccaee he

tiielt phveiceliv elflte Iecel site. and via the neltvcrlv; he The elhereile}. Ely creating

a ntirrerihg-RAID velurne ever lheee devicee. a creee-cite rnirrc-red device ie
crealed.
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The network hind: chmrimznran ha wed in ::unjIunct'H:In wilwtimihlxlad lie syst-arrw

{ma "I3l-n|:nal Fla S'_||'EH-I'I'I {GFST an page 51 far a larial‘ daacrinli-an u-f hum GF5

1:'.EI1 ulllza I15 namnfinhhdc dwha}.

Uahg Ihla lmd nl cmlfluaiim umLIu:| pmuicla a chaaparaltamarflua in PPFIC hr

ale-sthal do: not mlrrantfy lwmra 1119 iflraatructuwalu amporl FFFrG.Huwe1HI'. to

rnalntah dial»: reap-nnaa linen, high mud natu-mi: mmmthrrly is naadand

Inaiwa-an Iha Iwn Icnratlms. In I:aI'tai1 ligh-damannl appir.-ailms, line must at

pnzwidilg he aLq:pm'lirII‘rau1nIctI.Jra for PFHG might be juatiiad.

1.3.3 UM DAED DI.I11p Fiarstura {DDHJ

DDFI is a fulwlma cislt hadnp uflliyrmat can mpg ‘UM F|'i'li£||E|{E| In fllair

aufllmty. Thasaaa hm".-kmadn not pmulda any &|l.I'fll'B"IEEE nH1a mntarita of lha

1.H:Ilurrra being cu|:Iiad.1ha=_r sinph; traalflia wluna to ban mpiad as a disk fie.

Dflfiuanbauaad aaamaamn1pmv1+:i1gfuI—wMmabadmpandmalma

napalalltyr to Linux syatatna runnhg mn:Iar‘I.*1'.I. Llslng DDH, arnlh sy-slants can

h-a+:|urnpadtuta.pa. cidcsfilaiin-a.

 
Dflfiuanhausudtutakaahadiupuiaflmn ayrataminrrraciaialyaiiar

lrlatalalhzrn. In flu mmliufa diaantanflilahadnun muld ha ranahraadand Luau as

3 aawsymmn l:u‘sut:s.aquant Ila-Iatral rash:-ralinn ushganu1har tool.

123.! Alnanda

mmdalsanaum-_.n'ninrIha 'Aduamadl.lar§rhrud Autnrmibflatwmkflhk

Arnzhhnar"; an Clip-an Sauna bautq: mzheduhar. Arnanda um 11 G|iE|'Ii-EEl"fl':1-l'

mmqanwamta Eadlnta Ihahadupni natwark-el1anl1nda.anmra. Llalhg Anwnh,

flispussihlatu have as'nglatapa-a:|ui:p-ad:iai'varha::kl|:raI1 aniira nahunrk cu‘

aanraraanlzl daaklap-a.Wepmi:|amun2-detall ahull is uaa In E!I1ap1aI'1E.

"Baum: uahg Amanda" an pangs 26:9.
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13.5 Titreli Sterage Manager {TSM}

TSM pret-ides data-letrel- rnu tiiJlaI1errn.eenseiii:iete::i haeieip rsatietiililiea. TEM

agents exist tera '|'flI'iEIl‘5r sf senrer and desktop eperaling strsterns. ineludlrig

2.-‘CI-E. z."'.I'|'u'|, Linus: let zfleries and SPEED: Wirtdews, and etherrs. TEM is-asits up

rerrrete file systems etrerthe net-vert: is e eenlrel peint which eepies the deie ts

tags-

TSM etfers e nurntier er benefits:

- fin suppertetl eletterrns. T5 til presides egents ts elletli eiets-le'-'e| bed-rue ef

tile stmetures |i|-te DEIE, Lelus Elemine. anvdetiters. This means that TEH can

hack up irrI:litr'H1IEI dttcumente within El ltltsies NSF databases. fur example.

Itlete: at this time, Linux fer zfieries end Sfltiiit is serene st the pketierrns

sup-|:H:rr1sd fer T5|'I.I'| agents. 511 TS|'I.I'| sen I:-nlyr pretride Iile-level IJa£:|-tups.

- lntegrelien ieitlt hiererehleel sterege rnenegemeru teeilitiss. suds es these
heiuded -rrilh DFD53 en ares.

In A single hadtup |:-Iatlerm and stthedu ing peint fer lhe enlire data senler.

TSII.-I is else desenlsed in the IBM F|er:l:iee|: Linus .E:i.r:Serr'ee and Sr39t'.I:

fitt'att'it:it.d'iens, SE24-E264, I.I.ri'tish is available an Ihe W-etl Ett:

htttI:.I'J't-Mir.i|:in.ten-'red.bee|ts.I'ehstrettsa'sq.’-1-1525-1.h|:ni

Ni» High E1‘ti'EIiiHIJiiii.'5i' Ci'|Di¢E$ with 2$El'iEt5

In the preceding seetiene, we deseritre the tare-sett was it: Isadeup and resists ‘EM

and Lin us data. But whether ehele miri idsits ere hsdced up using [}[}Fi_ er

incremental eepies df s.'ngia Linu:-t delaeats are pr-edut:-ad by TEH er Amanda,

these isedtup eepies ere all sin et date the ntement eiler their heirs been created.

and if data has is be restored by using these I:-adtup denies, then updates that

were issued tn the +:|ete—efterthe lest bedtup new Him r:nrei:iuee=;i—ere ueuslltr
lest.

In cases where data is deslresed In e in-gleel way ije.g_ by same erreneeus

|:ire-grsrn eede}. lhen geing heel: te an did but sale eepy el the data is p-rettat:-|f,r

eseeptelsle. Eut whet hegpens itell dete beienging ts seeerei Lin uit guests—er

seen tn the entire t.I'II.i LFA F-t—is destroyed?
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I1 such a case. a d'e:eeter reemreryr effort is reqLi'ed- he peirted eut |Z|Fii|1.|'i'|J‘|.i5|j'.

reetering dete Irem |:iedr.Lrp eepiee ereeied l:u_.r DDFI errdT'.:‘rin.i le Irene

firrue-u:eneun'|rg. New herdurere has Id be preeided, 'I'I5Ile]|e-::| end deiired: I1e

4:l-aieirdrn me hedmp eepiee hes in he reeierenl: enlzl eherreeeteih-e ehte after

the lee! bedrup den: wee mede wil all be mieeing. Einilerpreblenre eriee i‘ Ihe

sewer ileel le chrneged in e deeeter.

iiedirieneiereiriiveeirrree provide e reiieirie emeimrrment

Mir marry L'I1wr eeruere under WI. Iheirediienel 5!-"H11 and zfieriee

flI!Jl‘I1i§.ll'El'li-III-l'| fer eeitirg whim eireileizliityr eempuiirgeen be expinitediepreride

e reiehle Llnmc eperelirg erreienmeri.

WEED end zflerlee erehiteeture le designed iereentirereue eeeilehlity. Irrlrieh

meme thetihre eenrieeehelre te prnznrilzle IJ-:rflI high eveilellitjr {file avoidance ei

Llreeheduled errtegee} are well eeeen1'rrueue up-eretiene tlhe e'e:nidenee ei

SE11-EEIIJIEU eulegee}. I1 an GSEQD er z.I'I3IS ererlrdnmerrt, Ihie gee] le ueuely

reeeired III-'_r' eepleiting he cleeim at e Ferelel Sreplex. enridreu by rerrretelyr

mirrerirg DASH E|E'iI'iG-Efilfl huid e Eeegrephieel Diepereed Perelel Syepiee

EGDFSL

'r'I'hiIe Liwe ie nei ebie te pertieipme i'| e F'ereIeI3yrepIeI.e||efl1ererw::i1ieelurei

deeign peinte e GDPS is treeed mean he ueedte deelgr e himly evellehie Lime

pmdireiien erwierrrnerrt en. zseriee. This includes lire uee df remeie DASD

mirerirgie |:Ire1.r'H:|e euneieierrieepiee el eI|+:h1e.1l1e use e1 Capacity Be+:irLIp

I[GlEilJ}1eenei:ie requied eernpuling peweretthe suruirrlng eenrer. end he ueeef

eirlernelierrie hendle ell preeeduree fer hrirglng up he hemup egrelerne and

redefining netwerlvz and elrennele.

Flume T4 en peue I41 elwrre e eernple eeenerle. wli-eh Irre rzleeuee In detel.
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Frggttre F--t htg-het-eftebfttyrttewtseeeere:-, nernteteperettene

In this erternple, the Llntut eereers eperete it the :-:NII.II LF'AFte en lure zseriee

servers. which are leeslecl in me physieelle seperslee serneuting eenlers

flntieeted he the dotted grey line between the sewers}. Eedt et these zseries

een-ere etee eenteine e tletlned. but heetiure. LF'AFI. which ie euppeeed te tette
eeer the tlrelttleed ef the ether eertrer in trees net a disaster.

In etder In etfer eultieient eerntruling pe-serte thie LPAH -nitheut hampering the

event tn! the Linux guest systems in the ether preduetltre LHAH. edditienel

redundant prtzleessere are snreiletlle that can be t:ern:urrenl|},r a-::li1.re1ed by using

the Capacity Beehup [EBU] leeture. EELU is sweilstnle en 9E'Fr'2 end zfieries amt]

een'ere; reler te the IBM Ftedtreett IEIH.-t {Eeener zfiertee see Technical t3tu'ds.

S1334-5EI?5. for more details. It is enreialzr-Ie en the Web ell:

ht ttI:.I'.-‘tn-.1-.r.1ttn.n:en.-“retl tr:Ietrs.I'aI:ust rest sisqzehtirh .ht111
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The date helengitg he the IWM eperaitg eyrderne ef trelh I-Eeriee servers. as

well ee the minitllehe ef ell the Line: trirluel meehlnee, ere Ie-eele-e en e DAEIJ

eenirel untl {CU} eI1ee|1e-d in bath eenrere, uehg Flare ehennel Cfiflrneetlme

tFltZIflh|} er Enter|:IIiee System 1‘J£1I'Iet:lieI1e{E-EIJEJN}. The D.eE-D eleeieee ere

rernetely rninered le enether DASH CU, by ueing I1e eyrmhrmeue Peer-In-Peer

Ftemete Deny [PP FIB] ehiitiee. previted. ferettemple. her the E195 Eltterpriee

Eyetern Serve: {ESE}.

The epemthg eyete-me {:u"u'|h'I end Litux} are raeraerere ef I'1iE mirreritg; enty the

eenneetienete Ihe |:e|rner'_:.r DAEEI GU ere eemrele-d. Neverflteleee. eeruteettene le

1i‘|e 3-EIII'|dH'{f DAED GU are -I:IeI'rIeH:I arid cable-:I I['IIdit‘.ateI:| I:r5r dotted Hes},

reedylte be ueeelit IIHE-E|£=H£|IHdiE|EfltEI'.

Alee, Ihe netweflt eenneelleneere deflned Ie helh LPAF|e i1 eeeh zseflee eenrer.

but enly the etzltnectiene to the |2|l|-'.!I|2||.lI.‘-Ii'FE| LPAFF ere entire

T.4.I Leee I31 3 BABE eentrel unit

The fellewing eeelterimzlmetmeee wlweut heppene H the prinenr |:|1”I.$I:|'{!I:|-I'|'lI"EIILI1I

[GIJJ telle. ee iluelreted In Figure 1"-5 en page 143.
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F.-guys I-'-.5 r'-r'ig.r.|:«srr.-rLrht:ririrj.- Linux .sr:e.rrs.n's, sr‘I!e.- rsr]'r.r-re errit.-1.SEI' e:rrrJ'rr:u' er.-'.t.Ii'

I1 ’[I1El- |3I|'il'I'l.Ell‘!,I' DFEED CU I]-E-E:I2IrI'1IEI5 LI‘lfi'nfEi|B|3I|E '|-EIFEIZIITIEI |'EEl5IEIr'I,1|'1I!u I‘l"Ii|1"IEI|'E|2| date

an the eeeendare EU has te be used. In elder ferth is he happen. the devices el

the prlmsnr C L! have Id be sshfig ured driline te ell sttsehed epereting systems.

and lhe detricres en the seedrrdery ELI heme to be t:r:rn‘igured enlins-

El-eeeuee the eeeendsnrderiees ere stnply mirrered images el the prime nrenee.

they eazrntein the serne {hits and even have Ite same ‘IICI-LSEH- and the 1ei|er;| I-“CI

epereiierre I:-T Ihe aIteu::l1ed eyeterrre can he set up again en the seeendarar DEED
hardware.

Depending upon heir issl Ihe seritdrr is perie mred, end an the line the

eeplieatiene and eeerathg systems aeeept e delesr it LID eeeraiiens. the

spplieetiens may eerrtimre is rrezrrit Iiriitheut being disrupted Heererrer_ wim Lin urt

running as st 'I.r"l.'I Que-sl eeersiing s1_.rstem.s.|| L'r'ru:r. images srffedentl by the failing

primary‘ IJASD elreuld be shut dewrr end reheeled Irem the eeeendenr DASD.
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I true he pessittte. degerttitg teem heir etten tlte Linux system ereewsestne

n'iini:tisits en the teiitg DASD, thet the seeendenr DASD esn he eertt'rgut'e-d

unite by CF’, '|'l'i'tI'IDLII L'Itu.It he-ui1t;| netieed the ternperargr ehsenee et the

rn'Iti:lislts—er it ran at least he gessilttete repair these mitithica win Li'ILItt eti

ntnning. Elul this will requie menuet ittenrentien it the Litut-: e-_.rstem te ensure

thet the restated m'n'I:Iisits sue urerititg eerreethr and the date is net eerruetee.

Ti‘t-srelere, iereese tn‘ use £tt'tt:l te ensure data integriy, it the eaves el the terse et

eue er mere DASD treturnes. we reeernrnertd the teilewirtg:

s- Denttgure the letting desiees etiiinete '|.titt_

Ir Shut dewn the affected Linutt systems.

e Dentigure the see-endary dstrie-es ettirte.

s- Fiesten the Lhut: ejreterns tulh usingthe seeenttsnr de-flees-

lrltiith the less etthe prirsertr DASD DU. ntin'ering trrtth PFFIE is ef eetlse

suspended. anti ttether eperetiene hetre te eentitue with-eut rriirreritg until he

EU is etreitshte again. The Ieiure etlte seeentienr DASD EU. the failure el the

PPFID eenneetien between the teeth Bus. and the tea et the eeeesste ens er

stttAFit|'EI desiees else need te he eertsidere-d.

Fer et-:smpte,i Ite ssertes eenter ts ehte te issue at -erite LTD eperetien tn the

erirrsenr DABD detriee. but the urinary EU is netatsle te eperete nirrering te the

se-eendenr DU heeettse the eenneetien ttetureen the Due this hes teiieel. the DD

|:tjrI:|elEtuil'Ie'|Ir'tetbe eernptetetl htttiseeseyeu haeeteeie-dds ittheltfl

eperattierie Ie the prinenr DU sheuld he resumed nittteut rnireritg. er it the

epenstiens heue te he stepped

The erhteryr DASEI Eli dees net knew tehy there is he reseense Item the

seeenr:hr1r DU; pessihttr Ite entie se-eertel eerrtptrtitg eenter has been destroyed.

er it may enhi be the reeul et a neat»: esttting eenneetien. Fer this reeeen i tell

erehehhrhe neeeesery te get mere htennetien regertzting the state et the

seeertdsrjr {At betere deeititg Itew te eentitue with the FD eperatien.

The ereeeduree te gather the neeessery irttemtetisn. the rules ter mettirig the

eepteertete deeisietts. end the etteeulien et Ite requisd eentmende I'IEttne te he

eerie-I:i and estatrlishe-::l ter |.IEi'i§ auternetieu Lltlittes. Besides flte ltasie hardware

tunetienetityr, this is ene et the meet eernptetr teeies et a GDPS.

14.: Less et a erase er zfieries senrer

The next seensrie inrehree the talure et‘ at nhete zfieries eenter. it e tiseeter

strlres the eernputitg eenter, end the eenter is net slate te eenthue eperetiens,

the w-er|r.|-I:t-eI:I hee te he |reI1elernet:| Ieth-e surtritritg eenr-er it the ether tzemputing

eenter. This is illustrated it Figure T-El en page 145.
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Fgtme I-'-E i-fig-it-.st-'eitsI:Ilfili‘_'.rl‘_ii't-t.tt'st:tsJ1-.e:1i::I, sh!e.rfe1i'e-re sreert.-'e.r system

Cln the sureislng ssnrsr, sn stlelitisnsl LPAFt hss slrssdyr lsssn t:isi'ns:l Ier

tlisssler rseeuery purposes. This LF'.!t.Ft is new aetie-ate-t:l by leasing the sp-stating

system Item the same DASD detrieeses the lsiling system used. using the

already installed Iznnn esliertstu Ihe |:IIirnetr].I DEED EU. The F'F'FiIE rnirrlzlrirsg

spsrslisrs t:-shtrsen the prrnsryr srrtl ssssnelsnt IIJAED EU ssnthus withsut sn1_.r

ehsnges.

While the LFAFI setitrstien en the sewer esn Isite ptsss imrrnedlelsty sflerths

failure of lhe original sertter, ‘the preeessercraps-:i1_.I el flier sur1.r'reing server has he

be adjusted as seen ss psssihle. in srtter ts meet the needs st the ssmlsinecl

'A'Etl'l'|I|I2IlT-l.d$ et beth servers. This sen he done by espletting the sets erflti-E4 rsiil-III

EBU fealu re, which allows yuu he a:1i1.-ate |3l'T§rSi['.El||j'.El't.|11i|E]:I||fl- |:Iul unused

prssssssrs nsnelismptiselyr.

Hesurning nett.-«ml: eermeetiens te the restersd LFAH is else l‘tt!t pretllern. sirtee

the LFAFI sst'rI.rstisn is dens erith sttsstitr the same data ssths failed srigi1s|
LP.s.Ft.sru:I the same news:-rte stltlresses es hetere ere used. The GSA ef the new

LF'.fi.Ft en lhe 5lJF'I.I'l'I.I'l|'lrQ ssrtrsrmsltss itself hnetlm to line netwsurlt with these

addresses. and nstwsrlt spsrslisns rssurns as tasters: the last hat the phyrsisal

hardware has ehsngetl is trsnspsrentte the re-ulets in the netissrlt.
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I1 eII1irrIar1.r. lie hardware capabilities ei PFHC ancl GEIU elem‘ yen in achieve a

liigh eeeiehlijr eern|:n.iling erieitermail based en Lin-Imr. under '|."l'uI en EH91} er

z5an'a-1 But I13 ananaflee we pntaaanted recplreaiiiemugl-I undarslmcingni the
reaeene lerfaluee. me aeiier-e Ii1all1a1.reteI:Ie1H:en ie reeeeer irem failures.

and Ihe eeneequeneee ei iheee ai:tiei1e. Jillieugli ilia peeelble te hannzle end‘:

rene-rayia.-aka mar-uallan eeeempulhrg awienrr-aite became iiereearrghr

eenunieaz, li'IEH'EI "E a greater rleeel‘-er autematelzl preeefiee.

H-E LiIJm1Eili:nj.'etn'erI$eiieeEIrd5~l3ElJ:IEIPih5F'5dI:tim'ie



 

Performance analysis

I": Iis shsplsr we cllssuss lhs psrhmunss analysis and tuning «:1 Linux hugss

rumhg m:1sr‘u'hl_

Psrrsnnsnss si s Isrgs syslsm ls criissl is is success, snlgrnns slap sway fmm

funastiaanslitjr. Urns a E}|'flEl'T1 hasbssn dswshpsd and is Imslimal. lhs nsxt

quscsflnn ls—w|1sl Isms pflss psrfsmrsnss? I miss psflmwflms ls vsryl Isw. s

systsm and ssnrhzs is mars llhasly ls su::sss:I.1'hs intent of Ihis shapisris In hat:

you rsaizs an I}|fJtir|'|fl| prize psrlunnsms.

fiI1:&:|:I,.ITi9‘ItEI.I+:=u:IrIn3I:I-:11 HI



3.1 Performance eenelderetlene

Th-El Mlle-t=|:$ Elf eeriennenlee meeeuremenl Iil‘IrE| ILI'|'I1g Ihe! ere needed in

emrirerenenle eeneng many ueere ere eelenerye. Thie ehepter reylerre eenrer

reeenree enelyeie, eI1leeye:ten1 enelyeie, eeryer eleley enelyele end eerne level el

reepenee tine enelyeie- The melhflde el eterieg periunrnenee ehte E Elee er

eenetlereiien: ie repert fennel er.r||'ieienl. er re re p-erierrnanee ehtehme

necessary to eleyr deeeiecl enelyeie—enn:l eyen eeee1ml'I1gImeIi:ne—le he

parlnnned? In en env'IerInenI where eenrize le eeeeeieted re cherge-heelr. the

p-erlennenee eleteleeee heeernee mere 'm:Iertenl.

SIEEHEI end zserlee eyeterne ere lerge eyeterhe wllh rnerly p-e1en1lel pelnte e1

eenlenlien, end rnelny pleeee ef pelenfrel eptimlzelien. Eeelr eubeyelem can he

eeneelear end heye many eptiene. Any eutleyelern. when eyerullized. can be e

gehel eyelern leehlenedr. he yeur werlcleerl ehengee er geeere, ullllzellen el ene

reeeunee ten reeeh e I1reehre|I:Ili1et eeueeeel a'§.Ir'rfieen1 glebel reeeunee

eherlege. Cln e eyetern where deengee en ene eenrereen irqeelet leerlennenee ef

enelher. yen need he rnenlter Ihe emrlrenment eerelully

luleny eerly Liner fer 5I'3ElIl11 ‘nelellefiene eld net heye ‘HM perfermenee elrlIe—end

ren ilte pnehlerne whleh ewiy eeulvzfye been enreizleel. Fere:-temple. the meet

eemrnen e-ernnleiue ehen were ‘lhinge eIep' er "Ihle eyetem ie Belh el

lheee ':eeuee een reeul hem eer_:.r eimle eenllgualien prelnlerne

UM heeeeery eephlelieeteel eeherzluling meeheniem Ihet iedeeigmedte elfieienlly

EI|_IZI|:]Il3II'Hl"I'lZH.l.'?-l1I'I{|'.EI e1 ueere. even when reeetreee ere eyereen'mlIIeel_ Lhux hee

eerne feeluree lhei inpeclihe view el reeeuree uIi1el'nh.LlneeIeteh:i1g elerege

end page qeeee requienrente when eleeigning e eydem elene yen he e1.reir:l

eenilgureilen end uIlI.r.eIlen eretlleme.

3.2 why meeeure perfermenee

Perferrnenee rneeeurernent erldiming hee e eeei i1 terrne ef eleliingeneltirne- In

emrlrenmenle ehere lheeeel efpunzheeirng enew eyetern le leee lhen Ihe eeetel

enelyzing 1i1e perfennenee e1 e eyelem, I is-eernrrren In net epencl muehflne en

p-erlerrnenee enelyeie. I-lerrremrer. i1 e zfieriee end S.I'3B-III erwirenmenl. meet

lneteleilene wi requie I:+eI'l reel tine enelyeie ee well ee e elruelurecl

melhetlele-gy fer eepeelly pheerhg. Thle eeelien deeerieee melhedeleqiere fer

le-eih reel tine perferrnenee enelyeie end eepeelly |:IIerI1ing.

H-5 L'I'l.Ie'r:I1|BJ.l I.1"a'eI:T'I-'r:rI'-3efn'le-e ElI1r:| eeee. |ElP'-'Il5F' 5r:lI.I|ieI'1e



Preyeding requiernents nhen mmrng enpiirstizltsirern at NT erL'I1u1e'lnteI

enylrer'in'ient te :Seriee einei Siistitil ie lrri-perlenl. In erder te ensure e him Ieyel qt

success- II the reseuree nequ'remen1e til en epplieelien eseeed nhet is eyeielzle

er’-that mates eeqnqrnin sense, then that needs he he iintlersin-tuzl prierte

meyiriq the eppieelien Iq :Seriee end srsse. Eihq-eeitg epplisetlene te run

eflesiiyeiy en sseries end srsse -ell greeily Increase the drenee el sues-ese_

5.2.1 Beet ef I‘l.l1nirrg epplieetiene

It enylrenmenls such as ISF end ASP, where charge-tisizt-: ls reesenehie, the

nest qt‘ rurriitg -eaclt e|:ip|i:srtin:iri is st sqr'|sir:lera1inn. Ea-nl'| sqnplisatinrl sl'|r:uuii:| he

eyslueteel te eleterniite nhien pistiismt is must seet etleetise. Ssrne eppieefiene

Irrl be mere eeet elfeetrye en derleelecl FIIEG preseeeers, nhle eihers tell he
rrhzlre sflsl efleiztiiren en Ifleries and E'u'E-ED.

epelieetiens that require resqur-eetqrenly shsrt neriecieet tine eireyery etteetiye

In en. SJEQD linesheriu; eritrirenrnerrt. heeeuse iuhen the eppiseilens ens isle,

they tie net r:.er1stlne preeesser erstsrsrge resetlse. As the e|Jp|i:etiens iaee-enre

eqiiye. hey are bl‘-‘Iii-iJ§]'I1 bed»: "rite men1ery.11re eeet el stsririg the epplisatieri en

tlslr {page sq:-see} een lee rnsesursd in eerits~per~rnegehyte end is usueliy

irrsigniissrrt.

Heweuer.envnIieeIier1sIheI require elqriiieent deuisateei reseuree hears a uery

cflfreeent eesl rnedeI—i1s1ee:| en‘ ushg en emeunt sf etersge fere srnel

persentege ettime. lire-se suiiesiierrs require stereqe rnefl etthe tirrie. For

these E|::p|i:etier1e.fl1ere Is no enelse ether them Is ensure the reee-uree is

pmeieieci all the line El-essuse the ssst el deeleelirg reseurees is much higher,

the nest of runnitg this etppieetiert is also hiyier end peteritislly E|hr2Il.Ir1| be put on

e pleiierm euilehle re the reqiisrnents. This may be en LPAFL er e n»:r1—S+':Eim

senrer, the pietrerm dedsien eheuicl be based en whet is seenemleelly justified.

5.2.2 Centrelling eeete

Once the east at runnhg an eqznpllseriien is Ienewri, yeu'l| went le nteniterihrese

seets. I at spplieetien srseryer suddenly increases its reserlse reqtiernertls.

either duets pre-grernmlng errere er itereesed nu:e1tIeed,tI1e eeet er running ihei

eunplisefien wil rise. Cilsen e nhelge-Itiflsii enyirenrnenl. there nil he issues Iihe

adeiiiensl ussis sre net rseeqrized as they eeeur: sudden iisreeses it rnerithiy

eeste sen eeuee prehlems. By meniemg seats are they are iri-:urre+:I, been

euetemers esclseryise nreylclers eiii heye e betterundersiendlnq el uteine:-yitievd
sennse.
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Te ensure the eeet e1 rmnhg en mplieettert cteee net irereeee witent

menegernent ewereneee. tree will need te hetre e perterrhenee rneniteritg

me1he:te|egy_111ie methede|eq;;,r eheutd 'nr::tude Ihneehetcle ter reeeuree nee me

eh-etld lee rn-eritereazt pregreneneti-rel1.r. Iuleeltertterrte ter etertitg rnmegementef

unettpeeted inereeeee in reeeuree requirentente ere requlretl eentpenente ef

I‘t'IEt|'flEF"'§| life 11].-pa ei eentiee

E13 Gentretling the inpeet et ene epptieetien en enether

I1 enelrehmente where Itere me'_.r he eeureret r:tI‘Iereht eueterhere end wttere

Service Leteel Agreelnente are required, I1ere'e a need tn menitnr eeetl

epptteetien end eertreren e reel tine teem te eneuee that pretete-me 't't'fl:I‘t ene

euetemer tle net ineeet ether euetemere. It te eemmen pneeitee te |:+re'.rt::|e eh

3111-Elmeled eleI1 eyetem Ie checlr eperetinni trehee eminfl l|'Iree|IeIt:l eetthge.

Eteteie en ittpterrlrenttrtg thietI.netten ere ttieeueeeet In 3.13. ‘Alerts’ en

page 1?5.

8.3 Meeeurement teele

Feleeritg ie a list ef eeme et the meeeurernent teete eeeiettte en we:

e- ESALFS trem ‘tteteetgr Settwere

See 33.1. 'h'|eeeur=ement Ie-el need’ en page 151.

r Ft}EItltl.IE$Fttrern IBM

FGDMESA preetrlee eete:-rrnart-ee rnertttettn-g eepehilitee erih egretem

eeheele eperetien ‘I1 ful eereen made- FGDWESA can give you en inrneclete

new et‘ eyretem pertennenee. er peel-pree-eee its even htetery fitee. T|'tt'E-Eflttl-El

mentterlng end ueer teep deteetien ie elee |:ure1rtrIeI:l.ee wel ee the E|:HH.'!.f te

menher nemete e-_n,reterre_ ‘|'he meet reeentenhenuzemerrte h::tun:Ie eqnpen fer

remete ereeeee vie APPE. trirtuel diet in eterege reperte. end enherneed

nihtclet-z ceehe reperte.

p Fteel Tlrhe tuIu:e1iter:[FtTttt] "|HI.I1I'EE.|'5. fmm IBM

tI'tI"rtt1 HTH ‘t"tI.nt.'ESFt.1I'eu teen get en 'Inme-I:tiete trieeret eurrent egretent

pettermenee. Uee FITM ‘I.ttt.t.I'E5.e. terehert-term merie|i1e,et1eh.reie end

prehtern-eel-ri1g- II can eirn|:I|i'_r perterrnertee ene|'_u'e'e end the itetellelien

ntenegement et '|.tt|.t.I'ES.e. erwirenrnertte. The Ieteet HT|tl ‘u"ttlfEE.e. eenrlee

itehdee euepert fer the HAMAE EIt'I'EI[n|'1'1’I‘I‘Ii'5|', end eqeperl ter HTht ‘u't.|tI'E5.i.Ie
run it STU Fteeenlnedetien mede en ‘ntIa'|tE$e. ":"eIeien 2.

n- ttht Pertennenee eneteele Feeity {'u'l.tF#.F} trem tE.tt|l
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Use ‘u'ttlF'tt.Fto stalistioalhr correlate and chart system performenoe problems.

tuning ittorrnetion. and trend analysis. ttlul PAF does this by anahrring the

relationships tselureen uarlettles from 1tI'lttll'.'I.ttF', 'tl'|'llIF'FtF. rrton itor and other

data sources in order to cletennine which ecosystems are most impacting

'_t.-ouro.trrents1.tstern performance- Then. using interactive graphics. 'tflttl PAF

glues you a nu ids. clear picture of these relatiortdtips.

- ‘til-ll Pertormance Fteportlng Facilittr tltlt.-lPFlF,tlron1 IE-l-tl

‘tt'ltlPHF uses sour sgrstem monlor data to analsoe syrstern perfomtance. and

to detect and ciagnoso porfom'ianco prohlerne. '|.|'l.IlF F.'F pro-sides 'mIerim

reports. plus eunsrtartt and trend date that show resource use Itnr user ID or

user class. response time. DASD acti'rrl;t'. channel utilization and 5'_t.|'5lvEtrI't

throughput.

5.3.1 lttleaeurement tool used

The measurements in this chapter -mere perfon'ned using the Lin us: Performance

Suite [EEAL PE}. a commercial product from t.t'elocit'_tt Eoftstare that is atrailsttte
on the Web at:

ht Lp:.I'.n' |.|elot:t t_I.'3ot LIt!.f'E.tIII||'I

The ESALP5 eornpot1enls1.I.Ie used snare: EEATIE‘. F‘, for geth ering Linus end

lllettsorlt performatce data: ESAMGN. for processing the t.fl|.l performance

monitor records and data gathered t:n_.I ESATGF; EStt.ltllttF! to prouicle reports for

long-term analysis. EEAMGN sncl EEAMAP are based on the IS F‘ men ltor

pros-iditg oturenl perfornrenoe data and long-le no historical data. {ESAWE B. the

too rth component ol EEALPS and a ltltl-based Weheertrer. was not used tor

these measurements]

Esaruou creates a Perfonnanoe Data Base {FEE} to store performance data.

This data is then used as input for reportrtrg in rntan1.rl‘orms_ There are tteo terms

ol the PDE. referred to ‘n the ESALFS documentation as ‘His’tt:tt'5rfiles'. The first

form has a one-m "note granularinr and alosrs a detailed analysis. The second

toms has a 15 minute granularflg and is long term. aiflt each day's data l:te'ng
sunrnarize-d.

In this chapter. we pro’-.-'lc|e examples and gore recommendations about how to

use these elfecti-.teI1_.r. The reports end real line dis|:I|a1,rs pnznride the pertormanoe

information it the same format. Each report and display has a name {such as

Esau SFtt3l which provides user conligu ration data. lulen us andtal:-les of content

help users f'I1d the needed reports and tisplays. F"erfon'riancet reporfng is

perlorrned lor:

I- User data. shoeing resource requirements lair user. user class. aooounling
codes.
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I- Fraspansa Iima I:Ia1a. shI:IIIIi1g naspansa tinas I:IasaI:| an lha GP dafirIiiI:In I:II
IrarIa.aI:1lana.

- Prasamaar amsyaan. shawhg Izlaialla at all pmcaaams and LFiI'-"-Fla.

p DASD and IZJASD II1.‘.anha, drawing DASEI raapanaaa lines, by lII:I caumpanani,

I;:IaI:|'Ia aanirallardala slIrI:IIIIIing I:.asha hi1 i1II:IIrmatian. raaI:I.I'writa data. ats.

l.IIII.'J l1ita{|.'Ii?I aaliafiatl by Ina GP r'ni1i::I|aII. sauna fuIa:lian:ItI1.IdaI.IIaa ma

praIIIIdad.ssIIIa|Ias |I.I|.'I-E: hrlsl:-:.IusaI.EIaIais atswiaadbnfluhydssisa and by

sarrtral mil‘. Ilhannals ara maaalmad. arII:I saalr. analysis is |:IrI:II.IiI:IaI:|.

r- Sisraga atlasyalun slwumg uaara1araga,M|]I‘3 a1I:aaga. GP slaraga and

aI.rsi.a|:I|a slursga.

r Fagiru-g'SpI:I-alrbg sI.l:Is'_.IaIama. ahI:IIIIriIg I:laI.IiI::a anI:l aystarn aI:tiI.I'It3r. as wall as
ut||i:atInn_

r I'«Iarr[IFIEI[I IIEI d1awinI;I tapas. rIIatI.I.II:IrII; I:I:IrII1rI:I||srs.. s|1annal-’H:I-shannaul

aI:Ia|:Itars anI:I any I:IlI-at IattaII:l'IIaII:| aaaiza. EhI:II'I'I'|rIIg h-I:I1h by aavisa am! by
aaraml mi.

r TI3F'I'lP Izlata mawisgtraflis at sash Iajrar aflha IF slad: {TlE|.I'IIE|!J'I2II't mar. IF

L.a1.raII'. IrIlarfaI::a.II-Iarnzl-n-ara Iayratjl. and In: Iha Iaaal IIIM mad-:. Iraflin and

namark: raap-nnaa linaa by attmal and by appllaaflnn.

r LinI.I:-Idala shawirtg tar rasaursa ulisalian by a|:I|:Iisa.lI'I:n {plat anI:I

a1I:Iraga].I:IlaII utlizallm. alaraga uraa [araanha and |:II.I‘lar_ [I-a_la la prawzlad In:

my Lhua haalrsg rrunnltarad.

5.3.2 '3-sraan display

Sara-ans can ha dlaplagrad by Irarn a I.':|I.Il5 Idrlual man:-hha axamihg “ESAMIZHII

saraan”. Tha an-Iam|:I|as '11 his Izhsplartzsri ha Ifiplayad ‘I1 Ihis rrIaIrI1ar. FI:Ir

axalnpla. Issuing Iha I::I:ImI'nanI:I Larmn sun ginraa Iran Iha ssraan ah-I:II.IIn In

EItan1|:IIa 3-1. This anraan la aI1cn'IatInaI'5r updalad aI.Iarg.IfiI:I aa:a:IrIda_

E.I::Ii.I‘u'I,,'.I4iI E-I’ fla'l;r.'I1.rI! nI|'E.E.Ill.I17I:I1".‘.‘.iI-I‘..I|lFII'-III:II1'r.I1'1arII:I

TIIEFI: ‘El|'IFtl' ITEIII II]-|¥.I"|3|fE| l3:51-13:52

5I!I:nII1Ii5- unlfl nut IIILIHIIII: 5? EU-E-II -IIIIEIEE

-=—---------Tspllssrs--------=- s——-------Sewers------- --—s

Ilsa:-id: -L‘P|.lIr IIZI-.I"5aI: Pgffias lJsI.=1'1Il.' -I2‘FlIIi |IZI.I'Sm Pgffias

1} ESEHRITE '|.‘I.3-3 U431} 'II"|LIH|.|H‘i LE 23.5-T IIIJIEIII

2} ':|l'|FtIlIl 11.23 I} III |:II'|L|II||.I.|l]' [J I]I.J'5 I}

31- E5.II.Sfl:I|E -I]I.I:II} III I] IIIILIIIIIJIE l.l IHEI {II

I} E5.I1lI:F I]I.I:II]- {I III TlI:I!aII5Tt I:I.3 0.3! {II

5} I-IJBE ILEIE 11- III |.lI1LIHlIl!E- (1.3 [LEE 1]

E} 5HI'[|I -I.‘I-EIIJ- I} III IIIIHJIJIJ-1* I:I.:-.‘ I] {II

-= ------ --—I2PL| E'ItaI:Ist1I:s-----‘r -I---In Illuaus |.Isar s1:a1:1stII:s—--a- -=-Page-1

I2;-I:pI.I Eusr sud: Ilsrs -Ia:-Ir H-III lrru IJI} In-l IJE {I3 E11 IJIHJ ~=-rate-a
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3.4 Messurementdsts ssursss

Wifli emrirsnments including Liillli serssrs and ‘ii’!-i I1-Jsts sl iiicsd in e nEI'H'Ji'ii.

were is a need is msssurs sash enu.rir-surrirsni is undsrsisnd ihsiLl system.

Hswessr. HEI-Eli eiisisnmsiil sf I1-E system has i:I‘ierent rnessurernsnt

requirernenlssnd dais ssumil-‘s ss ssinhhiig Ihs dilfsrsnl dais ssunzesis

Lndersisnd ysursspseily and nsrisnnsrise wilbs the d'iEi||Ev|‘iflE-. Fslssriig is a
iiilsi I‘iEI ssmmsn dsls ssusss isresdi em-irsnrnsnL

r |*«isiiI.rsri~: - the Insst ssmmsn rnsihsd sf sirehsiiiu nsiwsrii perisrmsnss is by

using s Sinmis Nsiwsrii Iiilsnsgsmsni Frsisssi {Si'~liI.iPi dais ssurss.This is

wel sisiiiesi snd hsiudss rneny nslissrir. psiisrmsnss melriss. It has been

extended by rrisny irendsis and spsn ssurss grsups is iisiuds iifsrmstisn

isund useful isr spesiiis nei1.iI=sti~:ssn'q:H::nenis. Si'~|iI.lP ‘uiersisn E6 is Ihs nnssi

ssmrnsn. This iisiudes pus-sisntl pmlesiisn si Ihs ihtsn{ssmns1nit'_:.r nsrnes],

and psrisrmsnss siiiisinssinsnts i1 I1s ptsisssi.

n- :Niu.i - niessuringiihl is typiaeiiyr dsne using ihe{]P hisniisr ssedslsssurse.

Thisieslinshggr sssies I.rer_.r In-ell end is widslir used- The msniisr repsrts sn

slrnssi sirsryriiiing Ihsi has been iiisudiits he ussiul sn rspsrling silasyststn

end user nsrisnnsnse isr WI syrsisms. As new releases s1 z.I'i.I'iui sums silt.

end new reisesss si TCPJI P sp|:iesr,I1e msnisr "3 enhanced in pmiricis
iisimmenistisn isr new issiures.

Hisei perisrrnsnse snslirsis ptsdusis suiishis is: is large siwirsnmsni wli be

based sn Ihs GP rn:iniisr. An ehemsihns is usiig the GP msnisr ists use an

disgnsss iriisrlsse is IIIHZI-I2 si inlsmsl ".|'|'I.i flE|i'iIi'|£II|.'|-|'.}|i£=|-EH. This pieiridesslesess

is mssidsis. The dswnsids is Ihs] essnr reiesse sl ‘u'l.l ti-I:|LI"fl:3 Ihsdsis

iilerfs-se In be updated, 'efl1eresis me CF’ Hnninr is ElltI!'.'I|"l'flT|[!d||_|T upizhsle-d

uiih ssehdsis ssurss.sIu:sI.ri1g users sf the GP n1-sniisi is run 'rriii1sui inipsst
sn nssir relssses si '|.I'iui.

-- Linus — iissrte messure Linus i'n:im egishsl perspeslhre is new Iemnsis-i_:]'g.r_ A

gdsd spen ssurss psrfsrrnmss dds ssurss is hIETEi"«IiuiP. Liius "B I:-siig

eniisnssd signi'iiseniiI_.ren:I Ihs sssssisisd dsle esurss must be enhanced es

srel. METSHMF pmsii:ies perisrmense dais es-sesshie In IIEI-l'|'i'I:'.IIT1 msrflsrs

using SHI.:iP. This psrisnnmss sists indudss Ihs nsivtsrlc irsiiis. s set si

priu-sis IJIIBS Ildm Uniirsrsilyi uni Csiistriefllisuis {IJCD MIBE]. Hid HOST

l.i|Ei$ Ihs! ans dsflisd ‘n FIFE '1 15?. The HCIET MIEFE pn:-uids dsits dn

sppiiIsiii:I1sfsr prsessssrsnd siutsias IsI:|u'rsmsnis. as well as dais sn ssidi
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eleiiiee at the Unu;-: elrstera. There is acliee elerelepmenl el l1lETS1~ll'tl F‘. erith

new releases regularhr.

l‘-lETS1~l|'-lF' is included in the three rnejer L'nue ctistnhutiens [Flee Hat. Su5E.

Turtle inual preeicling a eemmen data seuree fer anallrsing pertemtance. It

can he isund an seursefarge at:

|11;tp:Hne 1'.-snrte -seu r-cefer'ge.netI

See 13.6-2: ‘Eli-.|lI..lF' 'rrsta||atlen"en page SEE fer mere detailed inferrnalien en

"net-a||i1'i g I"-l|:_|'3h|le'| F‘.

p CF luleniier — there are many eptisns as ts what data is hairs the rnenltar

produce. Fer real-lime menitering. an inter1.Ia| -el E151 seconds is semmen.

balancing the eeemeacl efsallecting the data with the preplern at a trergi leng

htersel that hides pert-srntancae spices.

Measuring Lin u:n.' WEI states seems ta be much rn-are useful e.r'rlt'1 a state

sampling at .1 he times perseeencll. The e1.rsrheacl at this math-:n:1 seems is

be immeasurable. but its a reasenalc-ls place te start. If greu are usitg

EEALFE. then all clentains sheuicl be enabled e1tcept1c«r5EEit arrcl

SCH EDULE [these sheultt he enattletl when geu are perterming speeiiic

analysis and require 5 EEP: erS13HElI1ULE data].

8.5 Lecal es. glehal pertermance tuning
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In an environment with many eirtua servers. ha1r'ng the technelegtr and

persc-nnel te eptimizs the emnirenmerrt is a neeessitgl. flptirnirlng a large. sites.

expensive enrstern has significant |:Ia1.r|:-ae|t.t'rhi|e eplirnisirrg srriall mitieemputers

ellen tel-Les enlgr a few minutes [er eensists enig ct paying ier inexpensive

upgrades}. Hat-reeer.tuning alarge system that shares reeeurees entails tlitterent

requirements. enss that rnagr be surprising ts installatiensthat sre netet-:1 the
25-eries ancl Eitlflti em1irerIrnent_

ttinual machines [Linus senrersl shetitl he tattered is the spplicatiens. alle-satin g

reseurces to tune 1.-irlual rnach ine talees rest:-u rces aeeagr frem ether

epptica1iens—the ctitlerenee between 1t-tinlting glelaaiiy and thinlting lc-catty.

lutinimlzlng reseurce requirements tar ene applicatien nteatsrnere reseurces are

available Ier ether appllcatiuns: this reduces yeur -tnreeall casts.

Fieeegnising there are pertermanee peeple Irern ties l'i':tdiEJe't|I}' tlitierenl

entrirenrnents [less] and gist:-alt- tuning and perterrnsnce analysis must he

clesigneelfer the apprepriale entrirenrne-rit.

Unus er1|Et.l rf_§-«ertr-1-sSeries ancl EKJEIII: ISPMEP Etelutiens



3.5.1 Lesa] emrirenment

Lessl errritnnrrients useelstissled senrers end tend to here she sppirslten en s

eerrrenthey lhentunethet senrerle meet the epplieetien requirements. Fer eeme

epplteetiens {Web eenritg, Lelus hlsles. prlnt servhg}, rnuttlple senrers might be

decissledte ens application. The laenelit at this sppresstt is that -rrertc esumitg

iriettle ehe senrereleee net ihpeet wart: en ether senrers. Eleeause the east at

sash sen-'er 'E srnsl, Ih-e east ef 'nsrernenle| gpeerlh is net neseessrigr e sepia]

expen-:iture.

3.5.2 Ctlsbel eneiennlent

The tredtlienel p-ertermanee |TIEII'tt2H:IflbI;l_f ishire its three deeeeleseld aid is

based en gehal eptirniaetteh at a e5.rsteth,e1raluat'rrg s'_:.rstems Irrth martyr

epplisetiens ehslitg resources. II this gtnhsl type sf erwirenrrieril. reeeurees sna

ttrpirzelyr rs-ere eseertshre and therefore sharing these reseurees is e prirrrery

elznjesttse.

tttlhen ene sppisatisrt er user an Itel system serrsurnes lerge smemts out a

reseurse, it inpmts -alter epplisettens erusers en the s1.rstem.Thus. glslsel

eptlrnizellert requi'es {tree te etreluete ell espeets el |:rerlerrnenee—ts:rm truth a

meurse stlssjrstern perspective and lrsm en epelisstten perspective Mast hrge

irrsteletiens hetre dediseted persenheljust ler eerlermense snelysis. der:-esitgr

stamina and sgrstem sptirnizetten.

Willi eurrenl +:iesl:'-srrs, and wtlt east ius-Itlteetlens tsr rnst.-trig rrarrg srratler

servers to letter and lerg-er zfleries end Sffltit strsterns. the eptimizetieh

p-ers|:ue-stitres must he glel:net—ehe sertrer in a1.Ii|1ual meshine ssh impact ether

senrers use that sys-lent-

3.E Linux ep-eretienel ehelee

There are trre methedelegles fer eparalitg Linus; es:Il:+e|:l1r the mast sttislenl isle

use a rut: sII:»e1h_ One is the Iyptsel ‘u'l.l.ttZ:l.lS methedaleugy, where El|'lH trtrtuel

meeltite runs she {and flltljl ens} spplieetten. The ether metlt-edelegtris rnerslitce

a typical t.I'l.rt.I".I'SE ereenlrellzed Lhur-: sewer arrrirehrnent. where the server

ruts n'ten'5r ep-piaeltehs The edtrelitstte et runnlhs smell sehners with enl-,r use

mpltsetiert is that the sertrersen be tuned let the eppieelien. The advantage at

me larger ser-rer runn'Iig msmr eeplicettens ls e reduction in etrsrell eeremeed.

Seeuriyr senslcleretlens else hlhenee the eperettensl thetse; haeitg rrrarsr

sq:Ip-Ii::'.etien.e rtI'|n'ng en El-I1I_'.|' ens eenr-er itsreesesthe rifle en qsplisatim fein-g

prezrte e hetlcer eltewlng eseesste dale Irern muI'rs|e eppisatierts. Uehg sitge

sppllsatien servers greatly rerluees -,rsLrsesurttg,r risks-

13hssI’airEI.FeI'lsrIrIseseeI1el5rsts I55



See Chapter 5. “Seewiy aetlieeture” en page tflfi fer a dieeueeiee en eeeurity.

3.? The CF eeheduler

The mutlipre-grernntlng leirel el 1'.|"|.|'H ie preeehlyr higher Iten Ihel et erryr ether

plellenn_'tt.'|Il1 peeelhly lene ef Ineeeen-:le el ueere, eeelr running lhe‘: ewn

preerane end err-'irenrrierit.t|1ere is e requirement lereeplfetieeted teetc

rnenegernent end edteduitq. The CF eeheduler pretrtdee thietunetian. The

ed1eduler+:lelenn'nee when ueere run, new etten lhey run, which ueere te

reetreit when a reeeuree is eenetreined. and many ether tunetieee. There are

eeeerel eentrelethel lnetelletieneeen uee te tune the eeheduler.Ger1ere|h.r. lte

dehutt rreluee fertheee eentmle ere eppmerhle.

Nete that the edtedulerhee heentuned te l't.ll'I lheueende etfiluls {einele teekirie}

ueere. ee nrell ee 1e te ee lerge mutttteelrng eperetlne eyetenre eueh ee ‘ESE,

TPF er eeeee. Serne lnetelafene rney rm even tee lereer gueete. ‘|1te

eperdieneleeneieteretiene el nrnnine ttietieenele et Linen: eerirere en the :."':.tlil

eyetem are net eernpletelyr leieen. Eelueetlen end new melttede el tunlng nil

litely he required.

5.11 Etueue detinitiene
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The enheduler eeteeertzee each user by her: leng I hee been nnnitg. Sltert

teette tell lnte queue 1. Intermediate teelte are in queue 2. end teng-running tedte

ere it queue 3- There le elee e queue [Her him priertty rrenz.

Lhuir eaenrere ltel rm e tinerte de eerne ernel erneunt et werl: every re rn5

breeds are rnedel. Wl|:I'| the timer interrupt etrery tfl rn3. GP eteeeiiee eny Linux

eenrer ee e lengrunnlnq teelt. end wlll peti In queue 3- An in1:ulern-erttetlen el the

tlrner reuthee ‘:1 Lite: wttlteul ueitg the 1!] ms |l‘ltIiIt'I1J|:'.I’[ has been preeeeed, IZILI.

ie net yet ereielete in the nteirtetreern lternel eeureee

Heweeer. meeeuremenle el e nrellnitenr innlementelien elteered the eiqeeeted

rechntlen el EFL! reeemze ueeqe fer idle Linux eereere. The rneeeurernenteelee

ehewed tltet BF‘ egeit wee etlte te dhtitguieh treneeetiene. and lid net demtlyr

e-rerI_.r Liner eenrer ee e queue 3 neere|l1heth1e_

'n'hen the Limit eenrer ie diepetehed leeefrequenthr. yreu nill hetre rnere eentrel:

tenq—runn'nq ielee ere I-tehr rnere reeeueelritenehre. end {lieu een reduce the

nurnheret queue 3 eenrere eleuredte eernpele t'er reeeureet Heijrehgthe

eenemenl nurrilaeret teelte eernpetine ter reeewee then reetueee the eententien

tell tqrtlte enerter teas.

L'I'tI.ItteI1|E-til l.'E:'fl‘.'T'|-El‘ I‘-Settle Elltd ELM}: |EtP'-'Il5F' 54:lI.I|tI:t't5



3.12 Glebal euntrule

The turn rnest use1LI SHM eenlrels are the D$FEtl.tF end LDLIEIUF.

DEFEIUF is used te senlrel the nun'r|:Ier ef ueers eeeesslngthe |‘Jl't:tdEEEtDt'.

Eienetely, the EISPEIUF is net needed; heeretrer, urhen yeur preeesser ‘e

eenstrahed. yeu can use the D$F'EtUFte intt the ntluher ef queue 3 users

elteered Ie eentpete fer the |:tI'dt'.ErBEH:tl' reseuree, ruhish -rrlll it tum reduse the

pmeeeser utitetien. Thus. seen In eyery ereeeseer-eenstrelned eneiennrent,

shert tasks nil n.rn very fmt.

L[.'tUEtUF ls usedle eentret the nurnherr et users elleuled te press. The defetit

yelue ef LEJLIEUF elewe a system te thresh {the pelnt erhene eeees ere helne

paged eut ier err-e sreriritg senrerte altew anetherr uerhiriusenrerte resume

went}. I yeu get tethis peitt. the enty selutien ls te reduee the number ef eertrers

rzenqnetinq fer the pagitu reseunze Lewetitgthe LDUEHJF item is defatlt value

dees that. Linu:rt seruers have 'H|:I|'Iii'|5] sets that are rrariatzrte and typisallytrery

|erge_ Eteseuse ei title, the scheduler mey net reset esfest es yeu’d llre te eunent

sterage demarrds. se yeu rney rieedte use $TflF|EL|Feitd ISTDH teadtteue the
desired effect.

STTJHBUF linrts the arrreutt ef sterage In use by drspatehehie users. The

STEJFIEUF eentret is mere eften e h|nr:ierree then en ess'et te perfennenee tulest

periennarrrse pseple reseutmettd ra'H.'It§| the 3TCtHE|tJF eentrel i'| erderte make it

rren—e|:reretidneI. The ISTDH eperend telisthe seheduler te treat seme persent

ei expended stetege es rneln sterege {the usual reeemrnendetien is EEI-tr‘. ferthls

tralue].

tflnust mesnlnesthst ere l:re|rr-g hetd herzir due te reeeurse rserrstrreint ere Intent en

e Ist eelledthe *e|ig|I:Ie In"- II yeu nerrerheue eny usersen the eiginle Est, the

etheduier is net deteetitg a drertage sf reeeurees that eetld lee alletriated by

helzllng sente users bed-:_ Thus. fl LDLIELIF is hetrlng users leeelt. then users

weutd ethentise he leedlng In urerttitg sets ertneti the pegitg suhsystern rney net

he ahte ts suppert. the DSPBLIF redueesthe number el dhpeteheiele users and

me STtZtFIEtUF llnits the erneunt ef sterege in use by dhpete-l'ie|:Ie users.

Felueritg are the sterteut reeemmenthtiens fer seheelller centres The

rrurrrhere fettetrrlrrq he set eemrrrand are fer: ejr ell queues. tr] queues 2 end 3.

end et I.'|u-sue 3. This elle-as yeu te set the ernetrrt el eententien fer eesh

reseurse by queue.

Huts: ‘Ituu sheuld raisethequeue 31-ralue et DSPEIUF I‘ ureeeseer trlizatisn

netrer erreee-ds 90%. end leuler ft ff preeesser uttlizetten elten ls et tuft‘!-L lerr lens

peliqds eHi‘nti-.

SEE SHH STEIFIEIJF EDI} E51} ED-[t

EEI EHH |]5FEtt.IF IFEIII-III ILEEFEIIII III]
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SE! SHH LI'|'|JH-|lF III til] 41}

SH SFLH I51-I]! SEN:

Elne rne-ttted ferrneemtring tlte trnpeetetttte sdteduler en tners is he teett stttte

E3.e|JEFt-tit dtsptey: ttthteh nn:nrtu:tes meet ef the needed Ittennetten. ttineerhg

I.I.r|'ten fltere are users Itet ere I:Ie'rtug held heelt; by the s-elteeirlerheestuee ed the

eettitmt ter LDUEUF er Et-SPEIUF tells tree tthidt reseuree is eenstretrted.

3.13 Lees] eentrnls

15!-

There Is e teeel eentret tereedt senrerltet sheuttt he used snertngly. Eettitg e

I.-'rtuel rnedtite te t:t|.J lt:|t.I.‘t5F tele the eeheduerte netrer held title user he-dr.

rsesrdlsw e1 reseuree eenstrsitts. ttirtuel rnetsltites such as yeur TE PIIP

g,atettI‘E|t'%. eeterrittr ntenie-re, and the epereter. eheutd I't.EHfl- thle entien.

Llee UUICHDSP enl-_.rte pretest epeeite einttet me-dtltes when reee-ursee ere

trertr senstmited tleitg it tee elten wit eisahle ens etthe meet hnnerlent

features et the setterttuler: the eeilitrte sunrhre serteus reseeree sherteges.

Pnztritr helttreen trituel rneettites is pretrtded he the use st‘ SHARE settitgs.

'|'here ere twe eptiens fer El-|AFtE settirgs. relative srtd shseltrte Users wih e

ret'.'rt.t.t't's dtsre nil get a smelter eeerellsttere as mere users tegen. Users wih en

ettsetere ehere mehtteit thelr ehere regardless el the ntlnher et etherulrtuet

mssltites.

Thus. users such as TGPHP er seeurtttr mertegers ehetld he git-en sbeetute

eheree ee Itei Irrerttleed hereeeee Ienen rnere ueere tegm. Fteletitre eheree ere

used Is sentrel hevrthe rerrtsr'rt'Itg resetree is d'rtrided up Itetweett the rest ef the

uirtue|rneu:hitee.'l1te Ielertti'tg reeentrnendetiens sen he gitren.

P Set lte eheres ts eleeetute tersll senrlee metzhinee that tree etqzteet 't't'||I need

te preetde rnere went as mere trlrtuel mechitee ere created, and eet the
shereste reletitre terell ethers.

e- Set It-E ttEtSCtI_L|TE eheree tn the pesit requlred ttetue titer etternple. see her

Tt2:FutF i‘ that te Tt:Pt'tF'e requlrernentet peek teed}-

e Using the deleul et F|ELttTl'u'E 1t}IEI is reeernmended unless yreu ltetre a need

te prtertllze ttrenr.

De net use 'r'It|It'j'l'lifll reletitre shares. bssetuse tmitg hidt retstitre sherss fer ens

erntene users redness {seer ettittgtr te prterilze tretrpreduetien trrerlt. Fer

etternple. It there ere ttt senters. end ell eenrere ere retetlee tfltt, then eeeh

server is sdtetltrledte eletein eleeut IEH-E etths strstern.

L'I'tI.Itrt:I1|E-ttl t.1't'sst'I-‘er I‘-Stttrittte Etnd ELM}: |EtP'-'Il5F' 5t:lt.I|tet't5



The eritlrtetie is quite eirnpte: the '1~|errne|i::'et:l Shere” Bite retditre were

iitricted he the Ietet et the reletitre eheree. It the et the eertrere le then §]i'|.i'-9t't e

relafltre et-iere et E99, thet ueer gete e eytiieent '|1r.-term ef meet 9% {hem

1tJ'Et.t11lJ'EllI:ti-."EHJt"11t3|'EI].

Ghihg erte ueert’I'GPr'IF*. fererterrunlet e relelitre ehere ef tti.EItItII rrreerne that eeieh

tlehuii ueerhee e ehere etttZttt.it1ttfltZt.er|eee then 193. ‘there le he need te

eenitiee the e¢|Iet:|I.r|er |:r_r reeenritg BIIH-it ef lhe reee-tlteee fer ti quest that erilt,-'

heetie E-‘t-ti. Prepertunhg et j”t:tt.iI'5'_||"-Slt-1lt'I rrteene eleeetinrg eheeltle eheree te

eeur ireI_.r eereiee meehitee.

-9.etet:enI:l|:i.s|1etti'te hncaletrlmleieeettitge eeqn en |'teteIrnttt:fI pmeeeeitg

p-ettrere ueer ie elleeredte etieerie. There ere I-rre reeeenete ttethie: ter

eeeemlhg {te erreue ueere de net get there then whet le peitl fer). end trrheri

were Ieep. er ruh tI'Bl'!.I' E‘-F'tJ-irttertfitre jetie [le rttinirhize their inpeet eh ether

eehreret.

The teleuritg eete etereet eeerege ettere, hut finite the eertrerte 59.’: et the

eteeeeehg reeeuree. The etfeete etthe LIMITHAFTEI ere rneeeuretnie en the

ES.ett.hI3T {trerteetttert ertehreie} repen.

EH 5|-IJIFIE IIEI. lflfl REF 5!: I.1l'|ITI-IAIIIII

9.9 Preeeeeer euheyetem

Hnewihg hete mueh preewr '5 need. anti hf ehieh eereete. ie ihfemtelieh _'f|J'|.i

heed te I-tt‘rt:I'r'r' ter eltielent ee,eeeit'_.r plerihlhg. Gerttrelitg the rate et nhieh yeur

eenrere eeeeee the preeeeeer he tlette by eetihg Sheree. Shere eettimge heee e

mitinurn eelue end a nteximtln trelue. wih eeeerel eptiene entl trerietiette ef
eeeh.

Ueitg the CF rrienter, treu een eeptwe etrer 99.99.’: et the preeeeeitg newer

ueetl. Buititg e pree-eeeerrnep eheteitg her-' rnueh preeeeeerie ueetl by LPAH,

'|i"M. Lituti eertrere. WI eereere. end Gtutfl elietee treu te preieet future

requirements heeett en. new ueere ereueternere.

Cine cit the issues seen it the past ‘Has the Iulewing: an inperterrt Linn:

epptieetieu nee |:Ierte+:| it e teettieh guerernleett te |:tre+:I-uee peer p-erlerrrienee. he

the Preeeeeer Leeet Diepetttt '|.I'e-::terI=Ie1:ier't{ES.tI.FL[1Fu'ji It Etrerrqnte 92 ehetrre.

there were eh-eut i"tI|.t!tt|-Ell tienetdtee pereeeertrtlen eeeh ere-eeee=er—I1ie dteuld

he ebeut ttlltiltl en ejreterrte thetere rurinitg reel. Thieet.rerheed 'r'r'EtE| trertr eeetht:

rtrinitg atettiitg 211,999 trnee pereeeehd ttIeLl-i:| |ntuIit.reh,r have a very Itlglt
t:eet'!
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This is the Itittl et peientiel piehlern tI'|31£'EEIt|t’lTI':'IT|'iiEI|'_|i herdtesieertese Ieitheutttie

preps: tests. An itetelletieh miml pereelsethet Sitittti p-erterrnenee Is

hed—when. it reeity, e einple eerreetien tethe epelieetinn migl-itetlmiiete
2I.iiJ.I.ttiiI has te e ftltstiztn thst shes net need int he salted.

[in e dediseted preseeeer. this rltifltt not he en i5$'I.tE. Heweset: en e zfleriee er

sreee system where meet reseereee are shared. this epplieetisn eeeitl he

inappmprtete Id rmes itperteunnsii this IEtIterr|:t|-e.

Eirther items te exemine it the reperl ere Ite nurnheret steels and rrieuee hes

5H‘.1IEIl'ld I[le1.tI nurnhers ere desiehte]. The tie-.-es Te Hester trelue lnciiizates heer

many calls ans rnade I-n ItI1::li:;ir|sti'ieIt must he sitg-e~flIretede-t:i en the mafler

pteeeeeer. Huh ntlnteers iidieete use ht tunetiens thet meg; net he ephrepriete

fer at him heriermenee 21::-p|ie.et|I:e1_

The PLEI'|' Lengths eeiues shew the nurnt:Ieret trituel rneehites weititg en eedt

pteeeseer queue. indleetitg the eunrent tetrelet rntIt'q:Ie:e]rsttt'ii1'titg. This is e gee-d

esternple hi the I1-eetd tnriihi peitermenne analysis sud Litux peiterrnenee

eneltrsis.

Em.I'itp1'e E-2' SerrJ.I::t'e Fi'tJt:e:e.etIr.f_iJse1' E|:I'-.'.t',t:J.!|'i:!I'.I h'ht:it:IrFl-ie.tJ-tJ.I'i‘['E.S.'IF’||_I3'1.-“J

-=i||'I1tiit ihsesfse-3 s--------Flt]-‘i Lengths-------r Dtspetsher

I:PIJ Steeis Te Hester My Hat: |'tet:t' lI'|stri'ie.I *sE|pI:3r Leng Feths

ti I1E":|.Ei IZI.3' III.E 1.1} 53.3 Fill-H-‘i|.E

i. li,l.l III III.4 Li} 55.i]I T[il5-LE‘
E lEl'I5.-I III III.# 2.1} 61.1‘ ]'[|I|]5E.Et

1l3l.3 DJ LEI LI} . Etlii--I} 2l1titJI:I.'.I

3.9 Sterage subsystem

1'61}

Led: el storage to meet the requirement reeuils ‘rt paging. en-t:| paging eeueee

delays ii senriee. I-leniteiiig the sterege requieinents end the imhesls et‘

epptieeiiens pretridee neeesseryr teetzlsedt tersepeei-_.rptent1i1g. These ere tTittt|'i'_|T

weyatmeduceeeiege.etide1 'Ii'luIti1eI'EI-itttiIti‘Iet1enH'_|'i2IIE|‘-it efsteregs. F-er

steiege eepeieihr pierltitg purpem. tree sh-euld meitteii e mep efeeur sterege

te tridesstend the requlremertteter I.Iiui, Mitidleit Eadie. Linux user etetege {he

nueeener}. ‘set Servers t_'Tt:PiII='. menehernent ser-rise medfnesi. end Gt-I5

users. iiemr. This rnep eheuid he mitteiined Ierheth Eiqaended Ettereqe and

Fleet Storage.

L'I'II.ItH:I1|E-til I.'E:'fl‘.'T'|-El‘ I‘-Sitttfltt-tit Etnd s.-see: |EIP'-'Il5F' 5i:lI.IIiet't5



3.9.1 Storago options

For storago {Il'|B|lltl|f'_||'}. thors aro sotroral options, saith isih titororlt itqsasta on

Li1u1-:. opoiootlono. and your global rooourooo. Gaming from a rnitioamoutoror

miomoorrioutor om-'ronrnont, anjninlotrators hfltrttu boon. taught that ssiapphg is

Lliclosiatrlo. Whoa sitar:-|:Ii1g to Host SCSI tlosioos. tho may ho into. but on

zflorioo orltt 5l'EIEiIJ. lhoro oro mangr othor o|:Hiona—andtt1ooo optianooon romoo

yourosoral {global} rosoumo roquirarnlonts For stopping. tho alomatiso options
mo:

n- Us-o‘u'irtuot dist»: as a swap clotrioo. Tho tsonotll is a ft'ltId'l omolor pogo apooo

Ffitluiaitiont. as wall as a anatlor roou'romo1tforroat oorogo.

r Uoo Fmlitttislt as a srrao oiosioo. Tho honofit is a srnollor rosluiornorittor raol

otorogo. 'lI'Il'hori ohorlrig storago lsotllroon martyr son-ors. this is lrnoottant.

3.10 DASD subsystem

ForEil'I.$El{i:isttlstorags.’tt1sroarooo’tioiisto sharo somosmtH.intofI:i'olt

ootuuoon oortnors. food only. Using "."l'i.t'a minluzlslt oaoho Io oaoho oharoo tlota

onus is oignflloanmr rnoro ottootlso than hairhg oaoh Linus oaoho tho sarno data.

Th-aro asa i:urrorIthr'I1rao ttiloront sass to tonnat tho dial-tsto loo usocl by L'I1u.a;.

+:Iasi:I‘mt Trio IJASD ttritror in Linux for asorios and 53330 oomos

Irrlh tho oasdfnt utility to Iormot tho olstts. tl formats all
trad-tson tho ~i.fl:rritI1afiJ-:od|:tos|»:si:o.1'itoro iarro

stpport for this particular format In oxlatiog aoso
aoftlrraro.

CH3 FORMAT Tho FUHHAT program it EMS also formats Ito slot: with

Ilioool tiloott-sits. I:-LII aootaaspoolat olro ootchor is as. This

Iormat is raoogmlzo-i:l hf CH5 and h=_.r GP.

FtE5EFl'uiE 'Il'|.iilt1 tho EMS FtEEEFili.-TE oomrr1onol,a sioglo big filo is

orootocl to til tho onliro {t3lulS-ton'nottod] rn'nli:liolt. Tho

Lhust filo swam ls lhon oult itto Isis siiqlo big filo such

ital flio orioitol EMS formatting ofiio list»: is ratamoo.

Thoro is a ornall pooatts for uairlglho EMS FtESEHi.fE fonrtat in that oomo of tho

lslodts on tho dlslt aro not atrallolsto for uos by Linux. Thoso tilooltoara usod for

CH3 housalto-oping. as ahosln in Figaro El-1.

' Iltolzsafltasttot-it-iIon1o:loaJ.lsllatIo:I1.lIirIoF.'tI. Efltlt s¢I|:osr'iod‘lsr'fr;|os:a1iar:lItt"Ir§|si1I1|saIoo 'I'I'stIa:.=oru:nt3rot

i'r-ssttoatodofsstltohtloanatsfliossttisngosis.
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Linu:-t tils syrstsnt

FIE?-Ewfid tils

Entirs minittisk

 
Ft,-msst F-'I.I'tt'-d|'=s.itprsp£Irsn'tI't'Ifi.|7IE-‘5EF11fE

Huwswt: flta adtrsntagssttnis apprusuzh Is that than tllsltssnh-a smassad by s

CH5 usat ID and is dastty ttlanliiad as |l‘t-Lflitl-til at.rar'1.rsna_ CHIS sqspisatisna

can sssn read and ttrtisths blocks in lhsiis [tut sttampls. 1-titlt Its tltsltnalats

stagait t3tIIISFt',tta.nttas]_fi.natt'trat1snusnta:_n.rt1«s1ltalattltatfltatrlglisantha

tifl has atils nama and tits typa 'lfl1'I.‘:I't was you 15 mars sttara-stats ta gulda

sgrstsms mattag-Bmsltlpttlsssss-s -[liks Hrihg tritlt 5. mstltsr an GD-Fl tistts that

you sraststt}.

Lhutt can alsa usa a d'sltI1at was anly fI5I|"lTI-EIIEHEHCHE- In thlssasa Li1I.nt will
Ltssslfltatrlssttsntt I|’IIEt2ifl{E'|.IChlhEI.lUH3 .fi.t*.:t.":E$SttIt'Itslu:+nfltistliat

sflanusrtts. Etrsn ttttsn trsu tlsnst naatl Itta slsllttyl ts assasstttslststttsltam

CH5, IIIEIFE may still ha a gs-stl raaaan ts pnatartttis tnnnat strar Litutt dsslfIt_

UM -Iifidflrf rrtsrlustgslttsttt |:m:+t|usIs lilts Dirhlsitt can turrnsl tits dislt |:I-slsns

rnsltlng it sssisbla to ma usar D.

LiItrfl1EHt.ij'stI1'F:rI$ItiiEEIId5~lH}:IE|PtIl5F'5I:iIttm't5



 
We halhwa H'HE|l'E is no Quad reason to use flue +1l5nHlTt nurnrrlarudinr Linm:

lnugaann W|.axu:ap1 farlhaartuatlnn uh-are yuu Iwm aulrtual nuuhlna runnhg

Lhuxa:rdguufargnunln1matu'ra1i§¢s.ShnaUrmdaasnn1yatinIaraIa

EIETWJI-|a:1d L|HI~'.I:Ifm'riI:lH:;s uarrwall, 1.ruu‘I:l have rmupimufluatwhaatmtlu

a|1uId:wunl1a Liiuxaymmmdgathaultiuflmfitufumial rl-:l:I.rti‘:.n:u+.‘n:+an

aulnmalitiurrnat Iarllw D'r|':.Iaht, mat urmicl run! happen wrung]-

 
fl.1fl.1 ‘UH Diwuaoe [FD

1hahIggaatan‘uaI1IagaaIfl1aE:l.l5HE5EH‘flEst3rIaafInarnat. hnwmmr. inhatl

iatha unl1.r diakfurrnati-or vdiiuhihacmmfi L‘l1I.n‘. fi:I'3a'3=9{I DAEII driuarcan use

'|:"h.l [Jlamnaa lFfl.[1laq;u'u:aa H0 is ahlurrlamral pmln-a-nl Ihal alu:HuI.ratl1a ue-at In ten

aucasshhdcs an fls mlricldcs with lass nmhaad hm pure Efaflflnfamal

plugruua w'rlh Elart EIu|:Id1a|1nal{E‘:EGI-I].

Tn aI1el:nIa‘I:'M1:hg1naalfI:I-i1 1113 DASEI xI1uar.y'-nu mu.-at mliigtlailma Hatrralln

enable tha 'Eq:rp-nrtf:1r|ZJl.IuE-i auto ms fntrrnailad Dlskfwhmh E ruutclnna

in lhadaiaufl Su$E luamal. T: arrahrlaha 1:upt'H:n1,3r-nu li'a1 need to disable the

"fiuppnrl I5nr‘u'hl mlnlcldt ['|I'H only?‘ mrfl|;umth:n1 uaptlnn {also hwnn m Iha uh:|

rndlslr. +:I11-raIj_
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The DA5D1:I1'.er'nII1 he |'ule'_.r'14, HIII1 EuEE dletrinullen eqtrpeerete he Imelten

When eenfiuureclte use the EIIAG eu|:I-putt, it retueedte Imethe ciameee

lrltelteee fer Ihe eielt I1e1 wee prepereelwlh I1e EMS HESEFWE e-e-n'rnerI::|. Aiter

flxlrrg I13 {E25011} fmclien ‘n thed_+:Iag_e to returniha emrent r-e1LI11 eerie, me

rrliiizliek was reeelmize-d byifreefilreree such, but L‘m:I:I1en appeared te hang

eltHfleIa1edtes:enfl1eperHthntehIe.Belhfl1eeepreHemeheeebemfl:edh

me 2-2.13 pelehee frern Linux fer eeee. blliheill eeparuihr wee net pelted
bed: te 2.2.16.

Sheeting Ihe benefits ei FBI Diegteee Iffl
Tequenlify lhe effects ef ‘uI'|'nl M'niDiekGael1e{h1DGjerrd Diameee we, we tie a

ample teat uehglhe Lhu:-: 12.13 leamel wflh the |i11m—E.E.1Ere39fl patch. Eeeh

Linn:inegehfl1etesIhee1edwihnFlAHcid£endI1enrenaecri:tasd1ewni1

Exanuale 3-3. The hzr-up inihe eer'|:I1 erealee afie MB lie and men reeele rlfeur

tirnee te eleweeurue ehhe we be emailed ueingI1eeeehe.‘TI'ue flleielerge

eneumie eemple|;e|:.r1|I.d1 I1e bufferea=:.:he ef flle Linus: irnege.

E.uI'i1,-.n'eIE«3 -5.E'I1,fl¥I3fl.f#lI.fl:b'15lEIfl']:§|'£EH§|flUfliI-‘U

Illeeflfs fdeufmedal -I: wee

mum .I'dEI'.I'di!:.fll1 hut

nI11le [ true ]; de

dd I1’=.-'ehh'.i2ere ef=.I'I1t.I'tel|:- be=l-[IE4 eeur|t=E553E

ep .n"I'I1t.n"teI11 .."-tIe'r."rn1l1

en :"I'Im"teI1: 1"-tlr-_~'r.I'rrIJl1

cl: Imtftelrla !de'n'rnuI1

en Imtituil Ide1r.I'rII.Il1

rl ..'|11t..'ta]1
Ilene

|u'I.fetenerurrl1ereILi1m: inagee wrI1I'iee:eri:rt{ene1.fM eyetemflteliurned

en! en! be men lI'fl'-cemlrained lhan we Blllilfli-'|fld:|.
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'l'hIeedi‘Ierent hays le leirnet ediel:ferL'rme:,andfl1ree+:ItrferenI et5rleeeH.:'|l:H:,

|;i1.ree ni1e eernh"natierIe.IJI.I1 eerne elheee all: net needle be rneemured: eee

Tehle H-1. Duly Dlemeee l.«'fl is eligible fer reeerd MUG. This meerle I1el lhe

Lhux DASH qireerqneeflylrrg ran-entl HIDE ferihe elherme styiee eHerrnet1i1q
eieeflee HIDE.

]'a.l:ulea'-I‘ mepactefflflflenmagrerrsefirra

 
'|'h-e eiffietenee between trade and re-Ixlrd |'I.u'|EH'.'1is 1.rer_I.r flnal|in1|'Iie enperinenh

I:-eeeuee lhe IID wee rnelnry eequenlial end Iweheed a relelhrelyr emell erneuni e1

+1e1e.|u'm1merere|1+:|ernaeeeeeIeIhe+:le1e,erue.-i1eLld expeeueeetdhljflte

umtelewmrageferreezinuhumemeddatamdimsbememefieethe

Tihlelfl-£" cmmmiemerxnmagemeanaeramuuc
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The eempertsen ‘rt Tehle Et-2 en page 165 eteethr fiteere inpretred reepehee

tirrtee tthert uelhg Diegrteee ltfl eehthirteei with MDC. The d'IEti‘t|'tEl pregnethe

used by use Dean t2iI'i1.t'«EH' appear to he "tu|EH: untn'enu:tlgr it that tl1s»,r cle net

etrpleit HDC very wetl.WeheHenetheeneh|e tret teuncleretmclelttr the Elhe

eeee. C-eheiclerlrtg I'te elhrieue edtrentege et Dlegheee ltfl, I ie net very

interesting te lit: the I:t'tent'teIptt:I§rEIn$ used by the DASEJ dthrer when rurrite eh
ttttt.

E.1tEI.2 DASD IIIDC meeeurement

The feleeritg ESADEDE reel tins screen shut shews e ample rneeeurernent

etrertirhe te help yeute urttteretehd the etteete et II'F.-ttitl-I: mirticielt eeehe eqeirtet

hlerlt mitltleh eeehe. A hted:—|e'.Iet eepir tires dehe en Eltilfl truth the Lttitlttttttt

1.rq|urne,t;IIrIrB eI1t:IJiIt erih hssit -::et::|Ie ‘I1 uee.-‘arid une et1tut2I?wiI1rssen:|

eeehe. Lleitg tredteeette. eteeut t5I:IJ ltfle were ieeued: uein-Q reeerei eeehe.

1t!,tZtt!HZt title were issued. I‘tlutt|'re|1f. this ie reeeenehle with theme heitg t5 hteeiee

pertred-t: ueirtq trenzlt eeehe tereequehtial ltfl 5heLII:| geefly reduce Ite nurrlher

et pttyeteel ltfl.

The telewitg sheets the esfluthr to the detriee euertihe. when evaluating DASD

reepertree tine. I't'Et reepertee tirrte trelue "re ueuelgrthe rneet eiglttiieetrrt: it ettewe

time much tihe en euerege lttttettes tethe dei.riee_ ttithenthts trelue ts Ierge. then

the eernpenehts at‘ respense ere etretueteii The eempehents et DASD ens
eeetueted eefeletee:

Peruzl tine Thle Ie the tine let the ltflrte he started an the ehemel:

hen'nelII_.r less then me.

Dieetime Thie ie the tine It2H' theeentrel uni te eeeew the date. This

itetutles retettehel -::ietejre.eeet:u1e|e:.re. ehrt ereeeeeltg tine

hside I-ie central unit. Disc {tar I:Ii5rn:qtInet‘:l] time is t'tl§II'tI‘lE|If
Ieee then 2 Ie 3 m5 en eeehe eerthelere

Genneel tlme Thle Ie the tine te Ireneter the deteen the nzhenhel. h~errrteI'_.r
tesstheri Emstereattthleettetahte.

Service line This is nermely the eurrt at pend tine plue eiieeehneet time

plus eehneet time. In eerhe errrirerIhet1te.iteteletiehe ntetr

eheesste use inst tieeehnest plus earnest, but this is net

ttrpieel.

Etueue time Thle Ie the reeul et rnernr users eeeeeetrtg the eeme device. It

the device ‘re elreedyeenenq ehntherueerwheh en HG ie

etetrteei. the lit] site it queue. The Iertglh qt tine ‘I1 queue is

queue tine. lhte Ie the eempeneht et reep-ertee time that,

mderleecl, is he met eeruhts end the meet senieus
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Thssa11J|ssfmwstIslssmsstflnsishig1whmIIsi1uhsd¢ssma.andlsw

misnuaiwgrsaamlsama.Hsaardsaahsnmasanadflhbdiafdatasasiilrfl.

arrdlrsdtaaahswilmavs upta'15I1|ad:sa1daia. Thiss-xsmplsslwusiwshssl

sass fcnrtrssl: sad’-s.|:a'ng amlnrufahrgs Iis. Mara hrpisslis rsnnlarna E E0,

In shim sass raading i1 airsdt af sssha wsalaairanalar Iima and aasha spasa.

Whan astaluathg psflarmanas, data has ailatsnt ra+:|t|lraI11a|1Is_llrnauing dma

as-quaruflalar. Ih-sn using Iraak caaha nan ha rrnaaauracl.

Scrssnl EEIIIISEIE ]TS|1 ESJHIIII 13.1 fliE|;'-|]J'1-|]:E.iEl-]1:1IE|

lnf 3 |]fi3|] F'srfI1rr|ann:s Htulrsis - Part I [||E'I'II3E it-s1 2'[I-El I-'[|EII2El

[la-A [la-.IIn:e-all:-.1 =3fiI:H.u's-_-v:-:- ------Haspunsa tines mil---:+

Tirns lI|n.Ssr1a1T;rps Bus} avg peat Rap E-arr Fmd [I1sI: Illmn
...... a... 5|... ..n...... ......... a... 5|..." aa... aa... .......... .......... .......... ..........

1{|:5‘J:[|'[| 3E|FI1 L|'|F§[|13 3-3'i||Z|-'3' ELI} ll! |Z|.5 ELE {LEI {L5 fl.{| 11.3

11:[|'[|:[|'[| 3E|FI1 L|'lI§[|13 3-3'10-'3' Ei.fi EL! Ei.5 Ill? ]{|.E 1.5 fl.{| 3.9 -It-TrnI':|‘. L‘ld1I

11:[|1:[|'[| 3E|FI1 LIJ§[|13 3390-9' l5-.'i| I]'.E I]'.E ‘L2 9.2 {L2 fl.{| 9.1]

11:|H:|J'|] 3E|fi1 L|'||i|J13 J-3'i||.'.'-'1'?-1-.5 1'i|II‘-I| l'i|'II‘-I|- L? 1.2 11-2 11-11 1-11 s-I-|u:mI.':II:ln

11:|I5:|J'|] 3E|fi1 LH|i|J13 3-3'i||J-'3' [EA IIJIEJ l|Z|E-? L? 1.2 11-2 11-11 1-11

11:15:[|'[| 3BFI1 LH|i[|13 3~3'i||Z'-'1' Ill |2I.fi |Z|.li IJZI ]-E| 11-2 11-1] 11-3

11:1'Enfl-[I 3E|fl1 LHIIDI3 339D-9| EI-l ELIE ELI’ 1-5 LIE: 1-'3 -l]-{| 1.!

3.1 11.3 High aannsat tlms analysis

D1fl|.5D' paifarnlanas when n1nni1g Llnun was is mrsnr I:lrffaran1. Ans: rsriawhg

ma fallawlng H'IH'5||EB, an IICJ traaa was pufannsd. I-la4na'u.rar, as was urll sss,

s-:Hnsl'Inss‘an |.I'CI is nrutsn ND’: Linn-I using ths Start 5‘|.l|!£I'|II|'|EI|'|llIi|IIlI"'3dll'1I'1E|I"I'I'l'||

shain cars: IUIEI Gflws tagalhat - wrlw units apsrsflans. up In 1512! lflihshainad

ta+,galharm::||:raraah.ra»u:Ia:san.a I."-I1 A] 130 I|n1ss4 lI:hIaaHs,Ihal‘sa1.rsr EEIIIJH

trsnsnIiiadpsrlFt?J!3:Inalinas.«aI1lflZJ‘a'.rIa1iustanlFtJ.

Th-a gash in Flgurs B-2 an paga1E-'5 al1-ants 111s dalrlh-uflan al rsad-Gflws a-var

1hs ahsnnsl pmgans? Sams 30% al Iha ahannsl pragants hEI'||'E |usI a shgs
rsad-EEW and snaflisrfltflshmra 32 rssds 'n1ha-In! Ta phmss 'rl4:i1fsrsnI11.r: mars

thsn TM-I: al lha rasdssamsfnam adwsnnal pragamihnl was taau:l'I1g 12$ l{Elat
anas

3 fllsrssdssls alnlphr ‘saI1rna:r;I-r.i1a'I1sd‘h1hss‘1s|'IIIl pn:q:a:rIs.rrJIuairr;|sI.I5|:-lrn:IaI:l rs-s.I1'Is:puIs1iu1'1a lint!‘-'
dJsa|'aIpsg|I1g|-‘I1
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Figure e-2 nueeerermeeeene in e ttherteel pregram

The measurements fer Figure 3-2 eeme irem e SuSE “debut egetern" inelell

where Ihe eentente al the Ihree -Elite was tenpieel le 3 eingle large ninidiel; I.-.n'1h an

e:-it: Iile etretern. Wlten the Elite were unpacked te the dean dish. eenr lil:el,I Iilee

ended up rnee1l;».r it eeneeeutiee leledee in the file eyetetn. Eleeeuee the inetell

plaeeee ma'I1I5r reads large rpm paeltagee Iran‘: the Izlielt, Ihia ma]-tee 'rteae1_.r fen‘

Li1ll1t1I3I build lung channel pregreme.

While this way net he the t1.r|:il:al Linux epelieelien we need te run, It is net en

ertilieiel eituatien either because Linu: lriee I.-ee_.I herd te eernleine rntltiple tlielt

title in e eingle eperalien.

Hete: Frem teel-mg at the teed-Dflwe eemhinetl in e ehennel pregran. we gel

the impre-eeien that 'treclt' in the Linux deuiee clrhier deee net rltdeh the tract:

en the reel device. We elitl net leet lhie heeeuee it eeulel be eeeier le uerihi |:l-'_|I'

reedlngthe eeuree eede. Fer efileleney efthe eentiel unit eeehe end lulllltl. ll

eeILI|s::l be aflraethee ifLinu1t were rnere aware til the gBfl|'|"fl’[ff-El-I the real DASD
deuleee.

Ettarnple El-4 en page ‘IE9 leel-Le at eeentnzll unit during eteetru n.The eentrel unit

is an me. In thie ease. the eueretiene were wee read |:"t'.'t'. ll-llgh eenneet times

Irnlt the ability er a eenlrel unit te eenitee eu1etueere,ee eenelcterellen el ute

type el went and the eppreprtele hard-Here te euppeit the merit will be f'IEB|2lEI|3|.}

‘IE! Unutt en |El.l :35-«en I-r zSIriee and EHJEIII: ISPMEP Eteluliene



I1tistaIanI|J|a.that=:rrlIoIu1i3ElCl3.witIa tatgamflfifiadiraasams

paflnnnitg a peak at 5&3 Ima new man. aach wilt an aura-naga cunnacl tima tn‘

1:‘! mliaar:nnds_I_Isi1gI1a I?:2'| Imam], muI'q:Iu:.aJ|an at 14 ms lines 54 [F0 par

sauzvnr-cl a‘I-utusitat atzltarltal is al:u:Iul I"E‘tt busy. #5 dtamal trtiizaliznn

lncraaaaa, dalnyra waiing ltzlrtha uhannal will I:H:fl|.I'. ‘ltau Ehn-|.l+:I alwayra ensure

that $u|‘tu:lanI ultanltal rmumm am aurailabla ta meauruwumrkhad

rtarqtlirarruanls.

Exanlpfafi-I flmlnzllmrftdrnrmglaslnm

5-El'EEI1l I;'EIl.I]5|.'.|E H51‘!

1 at 3 [H51] Ferf-Jmant-:t.= Analyst: - Part 1

ESJIIIII '13.]

NEWS

{L5-

I|'.E|'

l5..'I'

IIL1.

ELE

|I|.El'

IIIJ

ISLE

ISLE

lfi.fi

lfi.E

l5.1'

[hE.|'|!]]‘ 1':":fl'J'-I"-":33

EU-I5-I WEIIE

I]-emu me»; +tE5t?!H.n'su:-.t+ +1-----Ftespnunse ttrnu [I11]---3-I

avg peak Resp S-Er“: Fatd EH54; C+'.II1I1

M1 {L3

|.'I.5- 3.2

1.1} l3.E|

1.{|| l-1.'i|

1.4 l|1-.l

1.9- 13.1]

than

T1ne Ha. 5:ErIa1 Type Busy
________ t--- ______ _____ ___ :____ ___- _____ _____ _____ _____ _____

1?':IT:{|'[| 3501 . 3'!9|Z| 4}.{|- 11.2 11.2 [L5-

1?':lt'-:'|l'|] 3H-113 . 399D '|}.'[|- l'|}..'|' I1}. LEI-

11|'.*lE|':'|H] 311113 . 3999 '|}.3 49.1‘ 49.? IEJ

1I":EI'.|:'[F[| 3E|t[|3 . 3'i‘E|I3I {|'.-I 5fi.E SE.-El I.fi-.fi-

1?':E1:{H] 35113 . 3999 9.1 5-1.2 5-LE lfi-.3

1J':EE:{H] 311113 . 3?!!!) 11.1 53.3 511.! IL?

11":E3:{H] 35113 . 3999 11.2 29.9 29.9 l9'..'? l9'.E [L5 L11 IIJ

Afiar luuzrlmg at Iha parfumtanca autalrais of Ihiscnnlrul unll. the next step is to

LI'II!I-EI'5'-|.’fl‘id haw many p-31115 tn the dams mars are and how Ihayram |n'q:nantad_

Ertatnpla 3-E dwwsltam are 4 paths In thadahricas on this —:H:rn1r-:r| unit: 41.411

fi.arH:|E-E.

Exarnntafi-5 Eutfifimtmwaflmdqntar

S-uraen: EEIIIISIZII I15!)

1 at 1': [Mil] Emtflgurattun

IIL-1' I1!-E11:-E

Ila. Eysllil E-21-1a| HPE

HIM] |I.F[I Ll'II[I1E 33$]-':'| IIEI

Hfllll EHIFE LHI|}13 3-3?}-‘.3 HEI

HEFIE EHIFI 'I'llP'G£* IHEIIJ-El HI]

3l1fl.3 Ellflfl LIIIIJI-1 33911-1| HIZI

Ellfl.-I flllll LIID15 3399-9 |'||I|

ESHIZII 93.1 |}:.‘J."|§|J' 19:33-19:33
LIHI1 EIJIII II|E'I'IIIE Elli} 21315-I -IUEIJ1

1----EI1I frlt £|'IPIIh- ---«Fr EH lII1IL l.|SEI‘1I] |'I1|15.|n-

ll-1'|13I55fi.

ll-1'|I3|55fi.

#1441355-E.

lllHI3I55fi.

ll-HI:-IE-5-E.

5Ir'{|'I UE{|'3|I|l1J'5'-1'|’t|.‘I'-"I115-Ilufll

3‘:'|E|-|:]- 3|-I

399-1]-SE
3‘3E-E|- SE

3‘i!{|- SE

3999- EE .

t3Ita|J’aiIEI.FiI'itJ11TIa4t:aIaI1al5Itittr

'[1 f dad} Llntetl



New we need le eveleele dimnel I.Iti|iIet'ren, 'n erderte help urlderelentl the

eerien11enee ei this eeneel unit. Evsluelien all the eliennel utilizetlen ei the leer

sesilslsls channels dmws flisulss rniflqnllsslien nl snmssl tins [mas lI'Cr Isis is

e eleee epereairrl-alien. Aecmg up Ihe Hues ei eeeh thmnel gives a teld el

90%. when l11|eeppIee£l1ee2ElEr'le{eee1rt 3 MB per ee-send}, yen Isrl liielfb-E

eels le meesule delays mes-‘enter! wrI1 +:hsiu1.eldeh5r.ss flenly teel: ens Llnus

eenreri1l|'Iis eaeelepeeh eleelltiile-l MB per eeeeeel. irniglel leehiiy eeefte
reedl flfneenelreiit.

Exam:-lee-e‘ l:tl'1ennel'uh'll:ah'errsrael},*sls

Sereenr [Sll.l$Hu|IH I131] EH 'I3.1 |R?|.|'|§|.'I' 1':":l|1-l?:32

1 ef l Eliilnriel lltliizstien Analysis lZI'I.l|IiEL flll-FF EIII-Ei-II IEIEIIE

-:-F-st lltll irstien-s

Tire l.ll'IEI Leglee'| PI11-siee'| Share-:l

1?'.*E1:-Ill] 35 |Z|.|Ill} 1.5-? He

HIE: IZLIJI} 25.5? He

3? I2|.|I|'|} 1.13 He

33 E|.|}[|I ] fin? He

39 E|.|Il-I} 1 ET He

3|! EI.|J[|- 3.13 He

HI U.'3[|' E3-.3-3 ‘fee

43 |I|.El{l 5 Ell} ‘fee

4!: |II.|II{l 5.|Ill} He

Ill: |Z|.|Il'|]' £5.53‘ 'I'!5

HE ELI]-[II 3 33 In

5? I!I.III-|]- I E!‘ He

5-! Elsllll} 3.33 He

55 EI.|I|' 11.13 He

e.1e.e IJASIJ write enslyeis

The same EI‘ElJ'_||5ii was p-snienesd ice edseins -rrfliw errlts surlieityr. Thlsdselss

eflen nms slssvs eees utiisslinn, emish is high he must asnclsnie.-L wih s

eeeneeltineefbetweenfilllte-ill rrIe.fl1ie+:le1rieeneulclep-peerleheeeeeeeere

pmI:lsi11_fi.J1-u:| an IFD reins s1‘ 23.? IID psr ss-send is net ieprsssiirs. A GFIrsss

ehewe he n:le1'iee in he perierrni1g wrie eperalienelhel are rruiflitrecle ef up he

see HE per I."IZl.

Ejeslepls El-F wees epseeems .s.e.s.I].rs£s

Screen: ESMSDE use E5-HIZIII 'i3.1 Wei some-se:sl

1 ef 3 [l:'|EiI| FerfeT'n1ee lual,-.Is1s - Part 1 [IE'|'|I2E flea: Eflfi-II -IEIEIE

1Tli|' LiIJs'u1Ellu:nj.'etnerI$erleeeIrd5~l3Eli:lElPlh5F'5dI:tie'1e



Iltsu flsviss ms! -rSSIZ11.-'5ss-3 s-----Ftsspmss 1:1r|ss {ms}---3

T1ns 1Is.5sr1s1T1-1:-s Busy srg pssl-: Essp Ssrs Fsnd EI1s-: Iisunn
.....-.. 11... ...-.. ...... ..-. 3.... ..... ..... .-... ...-. ..... .-..-

E1]:E|1:{H| 353.113 LH.1".|3II1 3390-? 11.3 11'.1 1]'.1 E1-.11 E11-.-1 |I|.3 23.15 1.-I

E11:flE|-:{H] 35.11 LII1flI1 1390-! 1.1} 11.5 11.5 E|1.1 311.1 IILE 15.1 1.3

E1]'.1JE|':1H| 35-.13 LH111J-I1 321-1112'-5 1|-.1|- 1]-.2 1]-..'-.‘ 11.1 11.1 IILE 11.11 11.2

E1].*lE:1]1] 35-.113 LH.I1|I|'I1 31-".151-5 5.11 1.5 1.5 -15.1} -1r5.|.'I |J.5 3.1 -12.3

1'11:l3:1l|1| 35.113 LlI|'.I3I-1 33".1|J|-3 51.1 13.? I:5.1' 29.11 29.11 ].-1 3.1 25.5

E1]:l1:'|}|] 35.11 LI1'.I3I1- 311151-3 31.3 23.5‘ 23.? 35.15 35.5 Ll} 2.3‘ 31.9

31]:l5:1H1 3353 LH1'.II|-I-1 33111]-1! 53.11 13.1} 111.1} 35.5 35.5 1.3 1.5 33.?

E"1]:l5:1]I[| 33.113 LH1'.|I|II1| 33'!||I|-'3 55.5 13.3 IH.3 35.3 35.5 1.? 1.5 33.1

E1J:I1:111| '.’IBi1I1LH1'1'-'.1I|'-I 1353-‘! 33.? 5.11 5.11 l]‘.11- 13.5 1.5 |.'I.‘1- I5-.3

E1]:2|1:'|}1| 35.13 LIHIJI1 33-‘ED-5 L1 1.3 1.3 I5-.5 l5.!} 13.5 5.2 E|'.l

E1]r21:-Ill] 35.113 LI.'|'.|§|'l|1 331.151-'1 1]-.3 1]-.2 1]-.2 [1.5 [1.5 |1.1 5.1 5.3

5.1 11.5 |JA5|J1't:flfl'IB

I."-E} rssp-snss1|ms ls rrusds up 111 ssssrsl surnpsnsnis 111st iisluds sis!-: rslstlsn

tlrns, ssskIJrhs,dststrms1srI'rnss, ssntml unll sssmssds and qusus th1s_Ths

tssmsbgisstsdssl srih mass can be faster dis1r.saml di1s.rsrtt1sn'ns uicsms

[prssssssr-hssscl ssshs sr stsrsgs ssnhsllst-t:sssdss::11s]_E:EI1'q:uls EH3 Iunhst

snsly'zs.sI1s ahts Irsrn 1h-s prsslsus sawnpls. Msisihsi csshs is s.-.-ths 1m=s. s1

ths tins (Psi. Pualv $s.In'.+}.su1v:;1 lhrss sf thsiuur sslnplss Hsrs in I1ns1EI 101231.
rssti This -sslhzlslss Ihs slslsmsnlthst Ihls rnsssursmsrl was :11 wris ms.

Ths I-‘Gist Isrrls his sh 111s FM1. was slrnsst 14m. hl.us1n-g DASH ‘mast writs.

Dhfiflfiasl write is an hI1::1'I::n pr=:nriu:Isd by Ihs c:srI1IsIu1itI1a1 sssspls the +:h1‘='I.

H'l1:|IE11'I'i'IiI1Eh51I'IE FD spsrsiisn Tram 111s hast p-srspss1i1rs.Thsn Ihs ssnlrsl uni

rnmrss 111s dststs dlsk. This splhnlzsllsn sllmsrs mars |."I.'.I tshs stsrtsd ts ths

dsvins Iiifliuutwaiirlrg fsrthala is &I31|.J311j|' hrs srritsn to 1.113 rslslivslyr s1I:H-r disks.

The small numlasrsl rssd 1112+ Hsrs almssi sh-was ‘hi’. rnssning satisfis-dlw
this 51 ms ssshs_

E.ur:1,-.I1's-E1-E Elssrmsrlshsis

5'EI"EEl1: EJIIISEI5 I15-III E5FllII'13.1 113.1111 E1|:l1—E1]I:15

1 sf 3 1990-3 13.1-:I.a .I.|a1_|:'51s l1E'I'l|:E 111211 21151 IIZIEIZE

Pct. I-------------------psr ssssrrzl------:+
1lsI.I Act-r +:------Ts-t.a'I-------:- s----Ftssd----:r

T1IE 1|-I]. Ssrlsl Elm |:"E| H1135 I111’: 1133117: 11111 11115 H1125

31]:l3:{11] 33.113 LH1'.fl-II1 I1]-III ].I 1.11.1|I|.E 21.1 11.3. 11.3 5||II.5

21JLI3:1.‘I'|13ElJI'.1LH111I|-I1 I11-U 1I1.3I.'I'.1i1.1E.5 13.2 2-2 2.1-.‘ I111}

131I.a|J’aiIEI.F1I'irJnTIs4I:asaI1al5I1i1s 1?’!



Efltl-1:-III 3B-I3 LIEU-II1 I{|'|3| 21.2 32-3 !|E.I 1|ZI--I 2.4 2.! 91.9

El]:l5:-Ill] 3|1||3LI}|lII|'I-1 Il}E| 1.'I'.II| 145.5 '_3l.'I'.1 12.3 2.] ..'!.II| '9.'I'..'-'

3.11 Network psriurmansa

hlstwsrii psrfsnnsnss aiislysis is pen ui E5Al_PS_ This sllsws ysu ls dstsrni-us

I.I.I1'Ial nauzlsaans antiva, and lwar mush naimrh antiviy is IJ-sing ganalaia-d by

aaah an-a. 'Ihaaaraan in Enzaimla as alwswa Iha aat|I+ancu:|aa.'I11a ansa Ihat ara

rsssgrissd ss runniig Um: ans nniscl Ths TGPIP and HLIEE sra WI TGPIIP
siadis-

Ftam Ihla aarsan, mairhg Iha -sursana s na-as and pra-ssirig FF2 will siwmu I'm

sanilguraiinn ai ihatrtada- |'~lma1i1at ‘:1 the Harm aalunr‘-.assmrsn1isn was used

taiialudaflia iriiual niacfliinarlarria iritha cnuiiligualiztiiiswrian saflrl-gLq:I ha

SHMP dasmsn on Linux. Ihis slhzuars you is lash a1 lhis aanllgurailan +:la:Ia and

ranngriiss which virluai mschins is IurI1'ng than aaanrar.

Ennmiafl-9 .l.s:rih-ancraiaaaanipil

5i2l‘EEI'I: I'jflJ{I'[I ITS-III EEFIII 13.1 |I5.|'fl!l'1!:E]3-lE|:1}fl

1 M I TEPIIF HI)-:|-2 I1st HIIIE * Eflfi-I IIIIECI1

III-ads IP Mdrsss lime

TISPIP

Huflfi - .

I'i'fllE3 5I.IE.1}.123 nl1I:HII-I

II'31.‘I£:1? 9.1!?-5.2-iI5.23? Hrius? [Linux]

JISIJIEE '1.lflE-.2-IIE-.22-I2 Hn-us? (Linus)

PF1=iIs1p PF2=E5.|.TcP1: FF3=I1u1t F'F4=E5.I.TI::PT FF5=E5.Ili5T-i Fi!.l=l:F
PF3=Ba+:i:IsIrd PF-B-=Fanrar'tl PF1E=E:Ii

PIlE=r.‘sp_r
Illa}

Parfalmanss dsla samaa In clllfarani 11a-aarsflhs ESJEFGPE ssraan shawsilma IF

layer at this. Tha iuur ssraans shan.u'ng dais lrum Iha TGFHIIP stacks ara

EEHTGP1. ESATEF2. EELATEP3. and ATGP-I.

Laahing al a alad: as TEPMDP {trsnap-art iayan on tap. that is ESATGPI. Th-a

hast isytsr sf Ihs 51£H:|i is Ihs IF Isgrsr, shown i'I EEATCPE lG|'|.iF is shown. ‘I1

EEATEPE. and than haxdivaraiiltarfana hyar "H alrunn in ESFLTGP-i.

171 LiIJm1Eilu:nj.'ain'srIfiIiriaaEIrd5~l3ElJ:IEIPfh5F'5dI:tim'1a



Enarnpla 13-IEIah11'Irst|1aIP|a1.rartrurn ihaiaat system. In Ihia i1atanua.fl1ara was

n-1:1 a Int :11 a::1l-.rlh'.1u'|'11at in mm in lha nun1tI-am‘ dalagrama hrnlard and
dalvaracl Nata lhat Iha ‘I-IUI3“ stack la a UM TGF'flF* aiack ‘:1 a u'n1ua| rnauhha

aala-cl HUEE-. 'I.Ihir:l1ia an::ti1g as a wind huh hatvr-Han 1h-a Li1lI|£ aanrara. It

fanrrarda al datagama. ratharI1an daiuarhg hamialha I:-cal Iranapu:-rl lagnar

EIHZI El|J|!|5IE1|I£II1:3.

Maw arr-ara h TI::P1'lF' am famI:l 31 ha ‘|21ia:aniaI:|" u:.a1a1;|n:rI*_r. Thara am rnany

raaaarnata ciacardniatagrana. aud1 aawh-an hayara wrut1g|yadu:I'aaaad.uruaa

an maid part. We aumaat '_.H1-I.I lI'fl4.'11-I: arms a1n:haaI1aaatada1an-[had-:ara. and

aqnplicafiuna Ihat hava :;::;H:i1I;| amzlia.

Emr:1_,-ml E-I'D IF*Ja_1.'1iIH1'1:.rrr1‘IIrs1's3.'arhr11-

5cn=.-an E'3aI+:1=.'-I 11511 Esau]: 13.1 Mina 11:13-11:15

1 {If 2 IIZPIP Intarnatlurk La,-per [Iata IHJEIE * I.|Il]I 51141 2054 -IIZIEIIE

-':Inta1*na1. Pratncnl I1-atagrala per Second :- atlatagral a1|t|111t.:~

‘-'-I|'|}II datagralaa alliscarded [up l.1'r-I1rs :- -allscard-Eda

T1na Ha-tla la-Lal Flrd EI1-ml lldr Mar Part Elthar Eaqst Hallta Ether

1ILIE»:4JI[I IIII-HHSTR 1.55 41.1143 13.91 13.1142! 41-JJIZI 1.‘I-flI3 |1.|1'[| 1.12 +.‘I.|1I2I £1.01}

IT".-iI|.‘I23-E.‘ 1]-.33 1}.I|]-I3 II]-.33 1}.I|}-2| 1]-JJIZI 1]I.I3III I3.I]II] I]I.11-E 1]I.|2|IZI I2I.I2H}

[T3-I323‘! 1.113 1}.-I]-I3 1.113 1}.-I]-I3 {M313 13.1113 I3.IfHiI 1.{rEI 13.313 I3.[‘.H}

Hlifi fi.fi3 15.53 I}.1]£I 1}.I[H3 +}.1]I3 1]I.flI3 [|I.I]II] I]I.1]I3 13.133 I3.IZH}

H:FIF 3.-[12 -I]-.-[H1 3.-[12 -I}.-[H:I -D-.-[KI -[1.1II:I 11.111] 3.15 -[LIII I:I.I:I{I-

1-I:l5:{H] IIJIEHETFI 2.613 11.111] 1.115 11.110 1]I.{K] {LII} I].[H] LE3 {LII} I!].IZH]I

IT".-‘.-[I212 1]-.25 1]--1]-III 1]-.25 1]-.1]-I3 1]--{[I [LIII III-III|] 11.22 ELIII EI.III-I}

ITEIIJEEF +1-.332 1}-I]-I3 I]-.32 13.1]-I3 1]-JJIZI {ILIJIZI IJLIJIJI I2|I.fl-El +.‘I.IJIZI |2I.IZH}

I-IE5 3.43 1.4.1 I}.-I113 -I]-.I]42I -I}.-IJIEI -I]I.IJI.'J I3.I]II] I}.-I]I.'J -I]I.I3IEI III.IZH]-

IEFIF 3.115 {I-.-[H1 3.115 {I-.-[H3 {I-.1313 13.1113 1II.I2HII 3.1113 {lI.I1fl I3.I:H]-

fl.11.1 llatvmnt errors

ESALFS alau ulizaa Iha TUl'~|ETE:F' maara. whim prauldaa nalurnfin anar

irI‘arma1i:u1. Th-ia macro fllacka Int up In 513 ditlararut armra an aach nada bahg

rnaamr-a:|. Wlian nramrurl: ahwdawn is pamaluacl. a11a+:I.li1g lhlsmacm mum

alhara CH5 IEI urfram awah hmwaara1||a|'m=HalIarmradaIac1adu5i1gf1a
31'-IfI.uIP dataauurca.

13I1au’aiIEI.Fu'iJmIa1I:aIaI1al1Iaia W3



3.12 Server reaeureee

Eeeh eenrer hae reeeume requiremente that are needed Ier hath urrderetartcitg

eenrer partermerree. and fer pureieetingthe eapeetty re-qulrarnente and grewttt at

the eervren The pertnnnerree t::|1atEIr:!teli5'tir:5 at each eenrer that _-,reu tr.-it arenlte

rneniter are: eterage. pmeeeenr. IJASD Irfl. netwerle tratfie. strap. ant prehetattr a
tear mare.

The next erep Izrey-e-|'rI:I measlring eenrer requlremente ie Ie meettnr 'I1»:Ii'-riduet

mptteatiene. When the reeeuree re-quirernente at each apptteaien are trnetltn.

mehthe yetrnh at each appltcatlen etletrre tar rne-re aeeurale aapaeltr ptanhthg.

Eieqzrmtrtr ptannhg eleare tree 1:: plan prtee pertamtanee. and la pretrlde Senrtee

Le1rel.e.geemeI11e. In the tutti:-'I'r'I'rg 5eI:|i:II1e. we pretride anggeetierle en what

epptteatien and eenrerdata wet eheutd mentterarrd tI.Itnr. it erderte eneure

aptlrnat p-ettprrmhee.

5.12.1 Heeeureee by application

Etuirzlitg apretlte at an appinalten eletrre tar eeeuate pep-aelhr planning- ttnetrritg

the etteraeterietiee et an appieetien else aletlre {rue te trrreer when eurreht

epetetinrtaleharedertetiee are eutet the nerntal range. euegeetlnga prahtem.

Storage amt preeeeeer requ'remente by appiealterr eheuld be -erel late-en.

5.12.2 Hfiiflflftl-E! by i=&|"tI"&t"

Eaeh aenrer*e reeauree fsterage, Preeeeeer and lI"Et]t'BI.'|u|t‘at11BI1l3 elteutrzt he

rneaeure-:|. Etetectitg rrartattuna in eenner reqtfremente can be dene nI'1h very

title etrerhear.|. Determihtrtg that a een-eriee~utei:te the r1-ermal range etepeuralien

earty means Ihalprphlern reeptrnlen tell take teaa tlrne.

Emanuele E-11 sheets the preeeeeertirne and eterage pretile et the ten tear ueere

an this teatrtcterretepment etretem. By reeiewhg thle datatrarn zreur preduetten

utertetaarzl, 3.reu‘|ther.re an tclea at arhaleenrere wll tap the Ital trrelng rnere GPU

than ether een-ere], 1.I.-|'ttet1 eenrere hrpizaljr uee a tut at etnrage. are haw much.

There are a:|:ttttena|+:iepta1,re ehaerlhg t-‘CI data by ueer ID. as nrell.

Errantptee-H Freeeee:rItneeendee:tagepreete—rnprteere

3=|It‘EEl'I.' EStt|J5ItE Itfifl ESJHIIH 't3.1 |}flt'C|fl- 1'r":EE|--lT|':3|§|
1 at 3 than Ileeuuree tltttlzatten IJSEFI * EEIE4 I4:IEI:B

-:---—-t:FtJ tlrna-------:- -:----Iletn Eter-age [pages]-----e

Ueerltt e----tsecende]----e I:'r etteslrtente Le-:1: +:---IrI5Etza----:-

The ;'t."|a.~'.5 TI:-tat t'lr't Rat Fetal !H:t:t -ed TI:-tat -'u:tI.I -'.'-'9

'IT't1 L'I'I.ItH:II1|BJ.l rfj'eI:1'I-'F:r I‘-SE11!-E amt ELM}: |EtP'-'Il5F' 54:lI.I|tI:t'15



1.TI':3|1:-III 3,'|'“S.tfl11 3-fi--Ilfl HE.'.1fi-I LEI H71! .'t.'I‘IHZ -IE5 IHEIII -ILEK I'll!

FIJI-Eflllll-I} 11.4541 31.5.33 LEI 231112 EEK II] 22303 EEK 23!‘.

l'|.II-EJIIIHII 2.t}|5'!| 2.|II.‘.E‘l LEI EEIEEI EEIIE III E45?-E Ell: 2-H‘.

'IIlLIHlII? -[I-.EEi3 ELE55 l.l 311-E43 3l|t 3'3 3353 32?. 32!‘.

'I'|'ILI|'I|lII1 11.3323 |I|.l‘JE| 1.2 lfllflfi NH Cl E-1-I11] NE 24!’.

ESMIITE 1]-.195 |I|.]‘!3 LEI 135?‘ 115]‘ I I35-5 l15fi- I35-E

HII-t'r|I||}|l2 '|]-.151} |I|.l5IZ| L3 H-H-3 T"|1E|'.1 III 1218 T1'1t|- E2113»

'I'IIlLIHL|I4 I]-.1fi H.155 1.2 23EI|'E E3|'[ El E3-2|!-II 23K EHIL

'I'lIILIHlII5‘ 1]-.1i'1 |1|.HI 1.2 til‘.-I-Eu 15195 El finIZ|?fi til}?-Er E—E|?fi

5.12.3 Hooourooo by oooountlng

Sorotoo Lo-rot Agroomonto itohdooapoon roooorooo uaod by tho oustomor. II a

nuotomor has rnlltipla sonroro. you orll want an easy way to rnorltorthoso

rooourooo IIjHJ|.ISiIEl'T1Er. Tho monitor Inn ho usotloo thooopttlo ratio {tho

amount of rooouroo aooounlod tor tzlloitlod hjrtho amount of rosouroo noon: in

rlonnoltyr above 99% when uoitg ESM-lU|'~|Io oopltrotito data- Tho monior sills.

oontaits aooounthgoodo-stromlto GP tt'lootor1.r.Al otflto p-ortormonoo data oan

thon ho reported l:rg.ra:::omIJng oorlo.

8.13 Alerts

Fortorruafrlrg dotodion o1 pmhlomo to 'I11oorIont whorl: you lu-Iva huntiodo or

tltounn-:lo of oonrors. ‘flour sarotom wil I'l.|lI mudt tn-ottor i‘ oroblomaar-odotootott

oafly. ESAHtZIt-lprooflosalargaoalolalartsdaftnodh allaoalod EHEFH

ALEFITDEF. '|'hra alorl iunotion oan ho darted by any ooorwit aooooo Io

EEHMUH orih tho oootmand EEHIIIIIH ALEIT. Ettarmloo olalorto i':olI.Ido«:l bf
+:I-ohutt are:

I-

F

T

T

'I"l"I"I'

Largo virtual moroh'I1o otorago oizoo and worlting sow»

Hiyt virtual rrnouahlno proooooor utllization. spoolooltatntption. oago roto. and
[FD rats.

Loooho Loortlotoofion.
hzllo uaor dotootion.

ltioslng LIE-BI'tIE-t&I::1|IJI'I to ensure al roqu'rotI more are onI|na_ The roquiod
tlooro oro dofinod it tho iilo nomotl MISSING IJEEFI.

ltioolng |2I:Ii.Sl} dotootlon to onauro all roquirod IJAED oro onino. Tho filo

HIESHG D!-ED puooiczloo Ihro iol. oi roouioo uolurno oartolo.

Him oyrotorn pogo moo.

Stonago oftino.

IDfl.5D trtllifltiolt and rotoo.

Frooo-soot utilization.
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hterte can he elethed by the itetalattiert. Fettewirtg are eerne tttattteu may vrartt
teadd:

- Exeeaaitre raaeura-ee he etaeemthg nurnher

I- Eigttte Ha

n- tPTrattte ahaeeaepeeiiaini

Ir Ltrt-4: eetaa net:ee and e'Itt.ettdlett pages reetdent

e- Eltiter raehre etteeaahre -thh teatdete liglt aterage reqttierrtertta
an t.lJC ‘net attateed'— tair ehare tar MDC etrea-eded

3.13.1 D-ethitg and medihdttg alerta

Eaeh ESMIUH alert ie defined it atie eeleet EKGPH e.LEFtTEIEF. tehieh

aarrtahernuttlpte aterte each as thetelawitg detited. Eeampte EH2 dethee an

alert 'rn'th Dede 'It"t-IEE rrhidt t't'iI ehettr LE|El$E|l2|tJ'|.I'IE 5% it ttlue. uaeraahetre tit‘?!-E»

lnhlue reeeraetrtt:|ea.ettdueet'eahwe tfietit tteleerflhetattereleeheea

ttrelttltt-Q message eentte the eperater}.

The text at the alert rrteeeage ta t:tef'rtet:| with I1-eteed eperertd. The EIEPN

.tt.LEFtTEtEF tie man {and ehauldt he taiered te meet lrtetalatttztn needs. It was

deeimed tar e EMS itteraatltee enI.r'manrnertt etppartlng I1eueenn:te at ueere.

E.I:iII't't,,'.It'-tI' e-re .ttrtattart' deetrthee

IILEIET tIFlIJTIL |:|tt-EP

LEUELI 5 ELIJE

LEt|Et.2 ltt ELIE ttE‘I'

LEttEt3 I5 't'ELt.t1tt ttE|.| h|:T|t1-|'t IIP H5-E El-P t't'atI5EF!Tt2I ttllltltli EFI:-|:I't

teat: Ueer hueertd at tuzpetutttlr e-f pr'e-zeeeer

FgLIeEt~3 art page tT‘t" ehattra a near ueitg etreeeaitre CPU: 5 were erih

eaaemtee etrertzitg eete; a ueer that was idle Ieren extended period; Lreere that

ah-etid be lament. but are rttiaaitg: atteel utiiaetiert geeter than eeee: and there.

Threahatrte erere eat htttl tarthte etrernttle: It '5tt:tI_tt' aaaa. 1trau‘|| |t't'EI't1 ta edl he

eaeeptien detitilen lie ta meet 5.-t:trtri1etalatiert‘ereqtJ‘rerrtertter Each type at

eterteenheat:i1erettteeter.ret+ereet't=tee. an‘tdtterbitttirtg.aeettayrte

etmhatetze apeelte prcl:tIerne_

ITE Lieteu1Etlt:rj.'etn'erIfitariaeeIrd5~t3Elt:IEtPth5F'5dtrttm'te
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Figure 3-3 l':'5A.|'l'tt.T|r"|.|'dr'rtIrt'

B.1rt Serrriee Lerrel Agreements

‘lieu wll need is inelude deeumentstien en senriee measurement tseiities it yeu

preside Sewiee Letrel ergreernenis ts users ereLrstemeis_ The requirements

sheuid include whet 1:: report. and hewte reperl it.1l'r'ilhtede:rI'e1eehnele§nr. |Tl3.|'|fiT

euslemers will went ‘re use a Wel:r—|:-seed epplieeliente r.rie1.I.r their lists. ‘feu

shduitl emsluste yd-ur perfdrrnenrse rep-I:I-rting needs and he prepared for senriee

lerrel reperlirg.

Frem emessurernerri perspeemre. you will went to menltdr reseurees try

eeseurrtlng number. essumirg the Senriee Leeel firgreernenl -sen he metehed re

ene. rwaitehilihr el eereh sertrer eheuld else be rrrenitered.

EEATGF presides alerts tr: is designated user. which eeuld he te the epereterer

tr: e specie] serrrlee rnechlne then has leeen set up with e PFICIF‘ Iunelien. Eersh

Li1u1r render that wil be mnnitdrsd esn have 3 ds-sig1steri:| -rlirlusl machine user IEI

that will be alerted ter errer messages and fer e leudret respr:-nsirrenesa.

The ten'ns 1e include In yeirr Eenrlee Level Ayeements srreuid define the senriee

being presided. the eests el these service. and eeeelelierr preeedures. es tell-ewe:

-fleapir E..F'u'la'1'nmr:n enrigsls ‘IT?



I- Ftesouroe oonsurnption by oonsmrer. rnirirrum guarantee, are sap

- Fraeouroe rep-ortlrig mediaiian, report details, reporting granularity

-- Alert I:laI'Iril|o-n,1.riIrr:r islo he sler1ei:l, and responses to he [El-tart

r- Ayaihhiliy g.rara1tee,repor1iog roeohanisrrr. or-ol reporthg grsnilarily

5.14.1 Atrailfiility alerts

There are multiple rrralhods you can use to measrla ayail-shr'liy.LlI1|or1LIrats|:.r.

the rrioeloomrrrorr is to measure the server as being ‘aualsl:ile" mlessa ueerlras

oalleo In. to oornplair! 'lI'lI'l'ien rumhp a aenlloe enylrorimenI,lorowl1g when

senrans are down is more imortarrt. This tacilrrologias used can he s-orrra1h'I1g

lire pirp. which shed-is a earlier lorresponse on a regular basis.

ESATEF proi-Isles an alert furiolion usirg SHMP; eash no-ile ihat you ha-is

ileliriacl to ESATGP can he rrronitoreol f:rr'airailal:iiily at a gsnularity of your

oh-oi:-e. Setlirg lie .fi.WilLT'llI.i'lE parsmererto as low as 5 aeeonds Ii-ill pause a

message to he sent every 5 seconds. lililien no response lorfi seconds is

peroeiired. an alert will loe sent to the clesigrated user. {Hole tirat this rrieasilss

SHMP responsiveness. and riot the appieatiorrs.}

This is suistile for hlgpr level airaiahlity Irrhens potential tor losing oonneirliulry

arrI:lI'ortl'ie senior iieel er-lists. Cine appliealion rrray still iraye failed rriiliout

lmpaizting oiier eppiealions orSl~l'ilP its you develop more requlrernenlslor

eliallebity, you should have tools that test each appioeliori For an. ea-:ample,

referlolhe clieoussion on hlel$a'Irl in 13.11. ‘hleIE‘-a'lrl" on page 323.

3.14.2 cost of measuriig availability

Wlrioireyer rrreIl'ro=:l oi rrieasrrrhg ayaialiiity you choose, errsmetiiat the oosl is

rninirrial. Stories at disatiiig rrronlors and hayirg rretrrorlt Iraflio drop by a

suilisarit percent are not uhoomr1ron_ The post of using H'~IlulP tortesllhg

asdlanity to s senrerstesoh oefignated irter-rd is trro LJEJP padiets on the

rreliriorli. eai:t'i lees lhan toil bytes

s.14.:i Availability reporting

The F'DEl provided by ESALPS reoorcls llre arootlrl ol time a sewer is up dliriwg

each 'riIenraI. 11're deleul irrtenral is St) savzaorrtls, wih hourly surrurrariea. The

following FDE eirtraot provides an hourly surnrnary of ayaialoiliy.

Elilltilrlilr

IiE|.'ITI'F’E"5|J'

I = ‘STIIJFTII-If’

'l' 1 'HET§'l'5'..|.|PTIH|:"
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3.14.4 Ileeeuring eenriee

Eesh eenrer ereueterrl-er wil have agreed-men reeeute eeee-ee—meeni1g that

the eenrerie guerenleed seme emeunt ef pmeeeeitg he-ererend eemenmnlser ef

II‘-D essh hIen.rel_ The lnlehrel eeuttl be per hem, ereeeh per mitute.

The eewise eeneuned is ptteridee it the EEALPE Pertermanrse Dan El-see. In

eeditien, the uteri etsles ef lheee sewers ere preeirtedse erel. The meniter

samples senh sewer to eeterrnir-e erheuite senreris eeihg Iur{1i1'e ceulcl he

page watt. GFU eel. itle ereetreral elherelratee}.

Fenhis hhd etensl1,rs|s,I1e mentler eheuttl use e sslupllng nsle ef .1 . er ttil lines

per seeuncl. The clsteutl seeing used by EEALFE ts nermely a rate ef'| per

eeeerld. This sheultl he merrged during the EEHLFS itelelletien.

3.15 Measurement funetlen instelletlen

Fee measuring Line: ueing HETSI-HP, jTI:HJ eril needle itstsl l'~|ETSl'-l.'IF en

eech eenreryau wee te rneeeure. ESALPS is ileteled en sI"u'Ia'I.

3.15.1 EEALPS inetellatiun

EeeLF'e is made up el EEATCP. ESAI-IMF‘. EEAM-DH. and ESAWEB. may

include the etnpen fer NETBHM F‘ data. as erel as etenelerd H|EI—|I ems. Theee

ptedm.-ls are installed per dlreetlens Itat ere pmelcled ullh the predusts.
Pereennel are available ier en-eie itelelalien eeeidanee as well.

Eeeh netle [L'l1I.ut er etherrriee} that '_.reu wish terneniterwil heed te hedefinetlte

ESATGP ee e nede lie. This lie lneludes the IF suzluieee and me I:E|l'I'IfI'llFHI]f
heme.

3.15.2 HETSHMF inetellelien

Instalrng HETSNMF is eueumenleu in 13132, 'EI'Il.IP itstslalieh" en page see.

Gennligure EEATEF erih the peeeerertl{eemrnLI1it{r heme} fee have ended. end
then rested EEATGE It 5l'«l|'ulP ls hsielled erih the virtual machine name it the

S"r"$TEhl I:|esn:r'q:I1i:un, ].reuu'l| be able in eaeiy matcll IF‘ Heezle wflh lhe 1.-i1us|l

rrteehite uhen the eiluel rneehine Ie epemtihg unn:ter‘u'l.I.

13ItesI’aiIEI.FeI'iJmIeneeeI1el5rete 1??



3.15 Measurement methodelegrg

'I'IIiIh meaeuremenhhta pretrtded lrern em Li1uII |1htfI:Irm.aI1I:I in last erry UIIIII

that rune |"IE|'Sl'~||'II'|P. you earn eompare applieatlon requlrernenta lrorn one

plorlonn to enofl1er.Th|e wil eeeiet you ‘n. ohooeirg 'rr|1'|I:h epplioeliorre Io nrl on
:5-eliee and EHEIIZI.

5.15.1 lleaeurirg L'mu1It applieatiena

Eaelr a|:I-|:IieaIiI:II1 n.InrIi1g en a EflWEf{1ril1ua|flf'EIIB-EiI3ETEl2I}'fti||T|Ia1r'&£iffIEITEl'TI

mouree requlremernte. Using to host eottwere reeouree report {EE.II.HST1]u

pm-ridedhjr ESIILPE, you can derermloe fire reeouroe IeoLI'remeoIe oreeeh

appfleetion.

I1 Exernple B-13. earn-|:II'Ing e'IIer'_nI'uirI-g from SIIIIIIP o'I.Iera|:IeriI:II:lI:II‘:I mlrlulee. the

SHMP Daemon need I2I.:-‘mt!-E. of Ihle Linux {on EIEEIDI eenrer. The HTTP eenrere

are using EI.EI IIIIEI each. and SN!-I FD ie using EIIEEI II-

EI.'am_,'.I1'e H‘-T3 LJ1‘r'I[.L3I.'Hr'J-t':'T5:IflIt'a'I'e.IIrIa1jI'mHEI.IJ-art‘

Etreelr: Erll-I511 IIEIII EEHIIIII 'n|3.1 |}E.I'I]T 16:-lfi—lfi:IlI

1 of I lIIl.III IIIISI Sort-ear-e Anetrsis Hepflrt IIIIIE * ll||]T EIJHJI EIZIEII IIIIIEIEB

-:--Software Frogrol---------e «IIZFLI Seconds: IEPIJ Starogefiltll

Ttne Hn-de flue III Tgrp-e Status Tetel lntrrel Pet Ilurrent

16:-lT:{H] IT".-'.I|]IE]I |'IIT.|:IIl I} III I] -I [LII] ILIH] SE36

eripd I} III El 229 1.5.?‘ -III.'.%|I3 E-I-EEI

sulogtn I} III II El IZLIII I.‘I.I.‘II] -HE

httpd I} III Ii] -1 I]I.E-.'I I]I.ItII] 3336

httpd {I III IZI 5 I2I.I:I.“I I]I.I]IIZI HIE‘:-EI2
inetrl I} III III IZI I2I.III I]I.I]II] 516

5.15.2 luleaauring Linux eerver requirements

Eaoh een.Ierma1.I nru rnany m|:I|lo.el|one_ The aum ot the reeowoe retpriernerrte

uflltaae enenrera irrqzl-a-at the total eturage requirarnanta, the arnr:II.I'|I el sheep

epeee reI:|uI'reI:|. and the preeeeeirg perrer requiremente. The EEIAHST1 repert

proI.rI::|ee, by eq:Ip||o.aJ|on. Ine prooeeeor and storage requlremente of eadr

eppliea1ion.TI1eee -Ialuee ahuufl he rollourecl otrerpealz perizutleto d1I;I1r |'III:I'I'rt|1e:.r

II.II:I-uI:I irn|:IeI::t I:IIlihEIT1:lu'I:II"rI.|2tI-E|.E!|E| 'rImoIIeII:| tor a zfieriee er EIEIEIIZI. Lleirrg me

alznhralrmed eample from Example I2I—13,1hie eenrer ueee about eo MB for Ihe

itlenfified eporreeione.

L'I'II.III'I:I1|E-III I.’£.'eI:T'I-'I°:r I‘-3iI1'I'IIiI-E EII1I:| ELM}: |EIP'-'Il5F' 5I:lI.I|tI:I'15



I1 Example 3-H and Exanqnle El:-15,311 ESAUCDE reel-tine example. yeu een

then rn-eeeure the teiel sneeuni el eterege ’I1et Linux has e|leeeIed.111-e first

screen dmws Ihe suusmlul reel eierege snd s.-asp stsrsge euellehle end ‘:1 use

by L'|'II.u:. WI‘-en ueiig Linux LI1u:|er.'e"'-“hi, 1,reu’|| were he miinize eterege

reqtllremenle.

.i.|erIs smsnuzl shsuhzl he seue eheerwhsn Urmxgueels use swap, sruzlwhen lhe

hilfferefleeedre some flueshele Uflrlg seep 'I‘Idi2ate$ file need hr lI'IDl|E| rnerner1.t.

while a letge buffer iuieelee teemuzh eiemge.

Clflhe 512 hlideflnsden Ihls e1.rei.em {51m2'-B II-'.},sl:neuI «I-EIJIZI H3 ls seen-unted Ier

|:I-etleeen the ehenecl eteraue. the |:Iufferetere1;|e.t|IeeedIe eleieee end the “used”

elerege. Fler:lLI::'ng the size er Ihe [[93:32 meehine by eee IE emulzl heave ne

lrupeet en he sppfleeflens G|JI'I1!:l11|j'||'l use.

E.l:l.rIl;I1'E H-I-I LJ1"I'U'}~.' use flememeneuhefe Fie.ee1{em-err I era;

Sucre!-I1: E5.fi.l|-IIEIF.’ H5-El ESHIZII ‘I11 |}3.|'IZ|E 11:35-ll:55

1 111' E LIHJJL Lllll Hslery P.IhI_!.'!.1s H:-E|:H}I"t IIIIIHIIE * LIIIIJT 51111 EU-E-'| -IIIIEII

-:--lies] Etnrege--e e--—-5I:h!.F Eterege----e Tetel
The He-tle Fetal Iv-'ai1 Used TI:-te'| 1'-'al1 llee-:1 IIIII fl.1eLI1

1-l:55:{lI[| ITS-IIEHE 516323 45TH 5EiE|Iir|} 1-I311 l-12!‘. l.'1|Er|'.| ]|5|H|EI 5iE|E|-Ell}

ITEIJEIH I5H]'DI]' I3'finI'. EIIIEE-I l-I31’. I|1-Eli 1] ]|5[H]|I| 1E"C|I[

1I:5-l:{H] IT”5'UE3-E 515323 I-EH 53951} H3! WEE I350 IEIHJIII 53960
ITEIDEET Ififflfllll ITfinl'. SD52-I l-III’. I43[ I] ]E[H]|I| 1E"flK

1l:51:flI|] ITEIIJIEJE 515-32'-H -I-EH SE95-‘H. H31 NEE I3-E-[I ]E[H]|I| 5-'Hfl'EE|-

ITWEET E'51'{|'Dfl' IFE-H 31352‘! Ifll! I43|'E '|.'I IEIJIEIIII HECIH

1-I:5E’:'|H] IT".il}23.3 515323 4E.'I'I'. E'11EI} l-I311 IIIEK lillfrll IISIIIIJEI 5'!i1|I||'.i

[T511237 E5.'I'I|]1J|} [TE-I‘. EIIIEE-I 1-III‘. IIIJK {I IEIIIEI HEIZIK

Etnnmie H-I5 l.J1"I'-L|'—"I:' Uflfl Hemergr Anal‘)-e1'e Fle.eeI't :‘eeres+'r.?e1':-."J

Screen: E§.l:l.|.’:[r.'i.' IT:II-

E ef E [III]! l.|421} Helen-' Melysis flepert

ea--Stern-ge In I15-E-re ErI*I:Ir‘

T1: llude Shared buffer‘ Eerie me:-eee

1|1:E2.*I]|1 ITSEIESE 3I|']'flB 1T|'B1l.E 9-I32

ITSEIES? E3412 E3952 1DI.'Ifi

1-1:5l:lJ[|| II'5E|E’3£’ 15335 2H'E1l.? 51$!

Il“SII|E3? 23412 23552 1IJ.‘.EIfi

1|1:5E]:fl|]I IIEIIIEILE 33330 ITBIIE 9-IL!

H5023? 2'-E-I-1.’-." EH95! IUEIE

13ILe|J’aiIEI.FeI'ienTIe4IeeeI1al5Ieie III



3.15.3 lrleasuring 'tft.l tfirtuai Machine

Ctn "-flit, the resourse reports tEE.itiJ$FiE, E$.tI-iJ$Ft3. EEAUEFI4} showthe

reeoureee ot the otrtual mashine. ‘r'r'hen analyzed. the date from the ESAHST1

titglhy eteeeiy rnetehed the peeeeeeing requirernenle reported egelrret the i.r'I1uet

rrtaoltite he tft-I on the ESAUSFIE display.

3.1? Tuning guidelines

It the following eeetiene, we provide rnieeeleneeue eenliguratien guideiree ihet

tlrri help you E|'t|'|J-iE| prololerrls and bypass errors that may he not he otitrioueto

inetelations itetelirrgtrflrl forthe ttret tine.

3.111 Paging and epo-oiing [one extent per Fteal Deeioe Block}

There shotld he only er-re page or spool errtent peruohrme. Hauinrg multiple

eartente eddelo orrerlteed end meg degrade p-ertormenee. Eieth spool and page

ttrirherre been optimized wilt er 'ne.ror—sru:i'r.g ehernei program" not allows lime

twpeesthe orrerhead of siartitg Irffl. Her harritg volumes wittr dffferentt1.r1:Ies ot

dele.thereieeneddedouerheedtoreer:h ltiitotetoppitgene iftitendthen

strtutih-g sltolilsr.

B.1'i'.2 Enterprise Storage Server {E55}

For Wot. 1_n:ru'I want to defite es rrmzr Heel Eteriso Eilootrs as possizris: only use

3390-E emulation when alneoluleiir neeeee-er_r.r.

The ieeoe with -EtiJI‘rttI1l|:|fir.5I:tt:EIt1:I'Ih5]Ittd'IrItZtIt!t-|;|'§t is heeed on a large pereent of

the lit] being herlrled by the cache- Lirtderefirit-I {or least through ‘rtIt-t}. here is

only one reeldeuiee ht:-ctr per to-gieei eiel-:—end there Ie a restriction that only

one ifcleenhedertedetattheteeadr legdeeldtetr.

'i'hue, iyeu have every hrge emeurrt etchteen e eingfle ueiuhe, then when one
ti-Ct rnuet retrieve deia from the diets. no other lfiit een he started etren fordeta

that is eurrenttyr reeitltg it the eeehe. oeeee empene terge ueitlnee ueirg

Parallel Aeereee ‘uhlurnee {PAH}, This slows IEIEr'3'9tII- to have muI'q:I|e: I.|'iZl to a

ehgle iojealrzleuiee by defining mtiiole paths to a device.

Thee, with FA‘-L e logical deuiee een he hueI_.r, and the |.‘IiilEI there heirg eerzhed for

that derrios ttrthe ESE is aeeiielzlle on other pairs. Efti'lnl does not support this.

tiiiithorrt F'rt.tf support. you wi get opfntunr perlermenee with snrailer and more
detriee addreeeee

131 L'I'I.ItroI1|Et.l r.’e"a'sItT'I-'F:rI'-3Ii1'I'tttI-tat EtI1I:| s.-sso. |EiP'-'Il5F' 5r:lI.I|tot't5



Hetvever, there are tvre aensitteretiens:

1. Large files that are eeeessett t:r_v a eln-gte test: are net in'q:»eeten:| lav net hatning

dL|:I|'|r:si~Et paths te ctete. Thittflfllt must rrett ter in lit) te eernnlete hetere

stertitg an-ether en-e.

2. Large nI.rm|:ters e1 smell servers hilt rartdern l.I'D eheuttl have the shitty te

have eerveurrenl |."C|. when eenI'gurtng veur stenage eantreler. mettinize the

nLIItIart:I-I t:a-neurrant lu"C| by rnattirnifrtg the ntlrtrar at Iegical ti!-evis-as.

3.11.3 "r‘irhJal machine sizes

Ftethsa vi1LeI| |'|'H!Ehi|'tvB sizes as rnush as pasflnle. Taileritg er ser'verte st

epeeiis epplisatien erttl mlnimizitg is stersge requirements vvtl mean mere

stersge is-avellalnle fer ether servers.

5.114 DAED tennet

The nest: termats and li'Ct+:It'ivers are tteetrmerlett it E-.1t2t. ‘DASH Hl.I.'tt.'i-‘_v'5:’[Et'I't"

en page tst. veu shtttld rneeeure lie raqvtltse tines. the inpsst ef using MUG.

atttflnfiflesettetedetennirte tlveueregetthgtttentedetnetveurttttfifl

stlasvstarn.

Witt dhsdflttt. HUG enly wall-is 'rr'r|I11rEII:|t t:a~t:|'ta, EI't-El‘j't:||.I ntufl usethe ECHD
driver that tteee start sutnzhennets.

The Ctvts Fennel Ftmervetl has several advantages, hath eperattenalv and tram

a perfermentze perspective- Either flte DIME driver n[Dtat.IIese25fl: er the EILHD

drlvermav the utitzed. tt'|'ttan using the IIIIAG ttriver. MUG can utilise reeerd tevet

eeet1htg.Furep1:+ieatierts with 4 It |stett:'.s r-em in e randern teshlen, reeerd level

eer:t1i1g vii read in iust 4 HI reeerth itdead et hrlttreettsetrtate. Thiseen re-thee

the lit) tirna. shannel tteteva. and rterege requirements. CI-peratienalv. the tiles

may be rem ushg em utittlee sud‘: es hetltup.

s.17s lull]-t.‘.: teir share eeneitleretiene {hIttIuIIJ-E:F5t

Servers that prevlde date he ether servers e|1eut:I have tItF11Cttt ttflt.t[}tZ‘:FS it

their tirecterar. |'I.lDC is rnartagerzt wtthehisttale algeritllrn Itat tail dkallewthts

te be inserted in te MUG tnr users that have etteeetletl ttte'rsl1are. Fersente

servers, havrever, ushg tekshere ts hsqJgreprtete—ee ferthme servers, put

DFTICIH HUMDEFE 'I'I ||'t-Eli -BF tliresturv antr'_I,r.

t3ItsaI’arrEI.FeI'iernIsneIer1elvsts IE3



ti.1'.F.E Swap: Hhlldisk vs. virtual elielt

Te recluse Litutt storage my reclseingtte smettrtt ef stetage Linux ttlil use ter

eaehing dale. yet elil hatte eneugtt eletege la meet eperattenel tequlrernerttsl.
have meltecle ere eeelehte:

1. ‘tteu can defile s Hhlfldisttss part el Littet trirtttsl steratgte snsl tleeltis ss

ewep. Linutt tttil hen enlyl use this etetege iet a sttrepellat.

E. the me use the tthl t-ri1LeIl+:Ites:Ier:'I't:r.Ettt same at trirtuel set; and then

tellitg Lirltttte ttseissasrrap detri:e.1.reu|taI-teas-rrsptzletrizein derage

Wlten ueitg trirhtel eialte let ettrep, the ittpettaht meaatlement is the ametltt e1

eterege being use-db: the eh-eh ti.-tit. frem the WI petwe-r.'ti1t'e-'t"t"|1sn the emeent

atstetage use-ct lers-nrepheeemeslatpe aseetnpateeltelte trilttaltnadtite size.

tree are litely lruzutritg etretlteed ef nteeitg pegee hem esrapte lJrtt.tt-t rnaln

slprege ['rfl'I'I:h is a cast it ptfleesshg line}.

'I't|hi|e ne tttlesetthtltth have been elstrelepedterltis fB1.'5I'l2I|.| eetltt ssstltte that

eetttrelhghe rate e1 Llrtttttswap aetltrthr she-ttltl be tt*teser:::tt-:tar'_.r ebjeetitse. 'I'I'HiI't

the prrnery elaieetive hehg to reduce Ihetetel eterage [vitae] rneehhe plue

tr'rh.ta| sislt] rsstttirernertts. The EE.h":"|It5l't'. real time display presided by

ESAMUH shears ettaeihr hettr rntteh stemge is it ttseferlte '|.I'|I'll.IEI elelt. The

E5.nItt.I'|Zt5|-ti rep-en pmdusecl he E5.i.I.l.ltF' ehettre the eeme iflennetien, hut

rtertttalh' es-era Iengsrperietl e1 tine.

The faleutitg ESAUDSK Is an ettatrple at e trtttttal eielt need tar.-heap ferthe

L1-uretlen el e eitgle tea»:-t.It.I'I1en there wee e requlrement in: mere eterege, the

tritttal wish was tned..e.1tetit was he lengerneeeleel. the sites! eislt was paged
I:t-tfl.

Et:1~t=_-en: E5.|:|.tEI5It' 'l'eIet:1|‘._I.| Eafta-are, Inc- ESJIHIJ-|'-I '|'E|.1

s--pages--J DESI} I-

Ftesl- Leu:lt- Page Stare

I'1Ie thtrter Epeee Ilene dent: ed Slets Ittlts

lF.’:15:E|1 LIH.|i|I|!]'|.'.|1 ‘I'|I|I5IliLII|||.[|I|I|'|]']$|I|E|I|Ei-'|1|.'.|'|]‘!' 3|}

IE:'lE:fl1 Llllltiflfll 'I'DT5IiLI|tl|IUt}l$U1UfltJEH}9' Eh

lE:1T:|I|1 LIfl.|tt|Itt2|1 'tt'[JIfliLIItl|.'Il|I|-I]-l$|2tE|2tEi'|]|Itt}9 1'-"3

lE’:1E|:fl1 Llfllflflfll 'tt'[IlI5ll$LIItlII|l|I|-|]-Hi|Zt.E|It.'3.'i-I]|Itt}E|- E93
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lE:I1fl:IZ|1 Llflltiflfll ‘t'|IIl5l1LIltl!JiI}[tl‘$|2IEIJi"i'|3||3It.'l-9 E5!
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E.1'i'.'i' Trr11er Iielr |rerne|eha1gee

The ELlTBI'|I|jT eneihtlie L'|1u:r terzfieliee end $390 tietrihdtiene irnpllenier-tlte

tin1-erfunetiene In the Irenrei ueing e 113 m3 irter'nq:Ii thet inerenrente the “iiIfiee"

giehel eerielnie. Wed: ‘:3 being den-a en en |rrq:Iler'neI‘rl1I1inr1 flier le mere. eL|'teh|eIe

Liturr nnning ee guests under 'Ir"hI.

Wlren plenningen eperellng menI_.I Lir1u:reer'Irer'e under zNiu'|, reu eheLId|:Ilen en

irrnrnla-ne-1I'ngIiie ‘no mere timed‘ eetch ee eeen ee it ‘e erelelale. Th'n redueee

the preeeeeer r=e:|LireInente el euppertrig rnenyr idle deem. 1r|r'iIheutt|'Iie petelt.

yen een expect 0.2 te 0.3% ei e preeeeeer{£‘15}ln he need |:v_.r eeeh irle eenrer.

3.11.1! Kernel eterege ehering

Hedueing eterege requirements by eherirg eterege ie deed by EMS lerflre EMS

eperelirg egrelern, by pregreune, end for date. Thietedrnelegjr ie elewljr leehg

derreleped |erLinLer. We euggeet you vretdt fer deeeieprnerlle end inplement

them when peeellele.

13Iie:I’arrEI.FeI'iernIeneeer1el5reie II-5



1* LiIfltIJ1E-H$'fla1'erI5IlIil-BEl!d5u'H}:l$PfiI.5F'5I:II|iu1'15



  
Practical

considerations

hlhispanaihahadiwapmrflaaimidiaxanmiaanimawmitwadiddumg

1i1i3ra3'I::|arI::jr. Fara iilanraiizal ciauiaaiun Inf Hm curlcuapts hahiruzl instalhg EI1I:I

marIag'1g:.ii.I'I.n'| and L'|1I.I:«:i:Ir:EIarias and SHED sy-starris. see Part 1.

“Thacraiicai ccncaiderailuna“ an paga I.

fi115Ii|':'Ti!;I'itEI.l-|3I:IrI:|'.ElZ|IZI1 ‘IE?
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VM configuration

Hmnlnga hrga mini:-ar n1 Lhux vilunl rnm:l'Ii'I-an an a "u"|'I.l system is naariaw

nlulanga, vrlh mufircmliqurmlm and tIfl1q haauaam dual wlh I1 order to

rrlalmha aystarn rrurl: properly. Emma ufih-H513 issuasam related to WI. and

anmaara LJnu:haI.Ias.h1I'ia d1apIar,Irra human Ihafiflhlaapacfln afiwa

nnn1|gLIra1lnn_

1:H:tu-,Iri§IrtEI.l+:i:Irn~3II-J1 1&5

 



9.1 General ‘UM oonllgursllon Issues

Usirgen ayerage "u'l.rl system slrsiglrl oulof Ire hour. you lei orohmty nol losshle

to run a large nwrrlssrof Linn: inagss ehioisntly. so you sl'I-sold be aware oflhe

following general guidelirss.

9.1.1 Allows surfioient pegirg spsoe

'I.l'lr1uel meshines runnlng L'I1urr lend to he relherlerge loompered Io syerege

CH3 usersl. so he prepared to hays sLIl'I:isrIl osghg DEED set up to

sooorrrrnodels sl lhs 'r.rr'rlusJ slorsrge lhsl you giye out Is your users. Unite yrih

EMS users, oyer lime ylrluel meehln-es runnlrg Lhurr yrll use el Ihestorege you

§|'y'e lhenr-

The reoomrrrsndslion ournsntly is to hays twice as rrruoh gaging specs on DEED

lhsrrlre sumolyour lotsl yirlusl slorege. In orderto let {JP do oloolr psgilg. This
means lhetlo rl.In 1o Lirm-: yirtuel meslrlnes of 512 MB each ‘:1 en LFAFI will 2

GrEloln1si1 slorE|rEH.‘r'E|~lI nsedtohaye H E-Elworlh olgegirg DABD. Fsiureto do

so msy oeuse your 'u'lr.l system Iolelre s PGTIZHH eherrd leelooeyou nollee osging

speee Iillng mp.

'r'r'ill1ll1iss|no4.rrrtolsr:isosyo4.ryriIno-t lsels-rnoted lo mirr ilyr'rlh olhsrdata. tell it

should he else: you do not mor oergmg soeoe yrlh olher dele on Ihe some

volumes. If you gem to use seared systemsto IFL Lhurr. lmegesesoulllned er this

ohaoter. you also need to seriously syslusls spooirg oaoaoiy. heosuss HES

flles reelcle on lhe spool yolurnes_ See 3.11.1. ‘Peflrg end so-oolhg {one erdent

p-er Freel Eie-nee Bloslr]" on page 1B2lo learn why Iris is inportaht.

9.2 Things to do for new Lin urr images

Wllen oreelilg neyr lJnLor ineges, lhe lolloyrirrg Ieslcsneed lo be perlormeel.

9.2.1 Greats e r.'eI'rtreI registry

hordsrlonrsnege slsrgenI.rrrrl:r»erolLi1u:r inegsson e ‘itlrl system. younsedlo

melreen eeenlrel registry ol lhe Liner ineges end use stenrhrel oroeesses Io

create the user IDs. fisysral oflhs utiily seryioeson ‘u'lr'l would ns-sdlo do the

oorreot things to these ineges. hissed on Ire regeherisn.

For Ihe purpose ol this rleeueslon, it does not really rnerler ehe1her1h':e fieentrfl

registry’ is your yrhils board in the oflioe ore feyrfilss on a drared dislr.

somelehere i1 lhe system. l_'l-loereyer. eese ol eooess end the oolians lor

eulornelion melee lt etlneollye Io use onllne flies to hold Ihe eorrliguslhm r:Iets_l

1W L'I'I.Iln'.I1 lflll r.1"a'so11'F:rI'3I1tll-E ElI1r:l s.-see |ElP'-'Il5F' 5r:lI.I|loI'15



92.2 Crests tt1e user ID in the CF direetenr

The CF tieeterjr enhti eniy deiines the virtual ntadtiie. hut mentr el tlte

pererneters {such as eterege} that define the virtual meehine sen be ep-eeiied er

etrerruted st etsrtup tine. Ales, f't't-E|I'I!||' esp-eels et Ite 1r|rtuelmesh'rte. such es

perterrnanee settings. eennet yet he mesilie-d it the GP direetery sndtlterelere

need is he handed by eutemetidn edttrrere. Either aspects. such as IUGEF

eutherixetien, de needte he dethed in the CF eireetery. The peitt is that it, In

‘5I'flI.Iri't~'5t3|hIiEl'|.ll13i1jf1|'|i1I]~'i need te he ElI't":I1l]Eid eutside the BF‘ directsrtr. it's

questionable whether Linux iriegee need he he hetltd te epesiiis ‘u't.t user IDs.

cenpere the to an itstelletien wilt dieerete servers tlihsre these eenrere de net

insure a haddisii; and test here the LAN. Thetatttes in beet: eil detine what

Image needs ts run en shat herd:-rere. This metres I eeeyrte deal wih herdeiere
tellures end es en.

the eeutd adept a siniler strategy in Wit and Lise the parameters that rrtarxt he in

the GP dlreetsrgr te hsh yeu determine Iiirhet user ID ts use.

5.2.3 Attesste the mittdislcs

when you ereste s Litux ‘megs. ‘flit-it need te allesete and lnitiettzethe disice ter

the Linux ‘mega the need ts plenthis eeretuly en the] yen een pleee Its

rnitizlisits en the preper treluttes.

9.2.4 Defite the IP senfigixafien

Each Linux "maps will need TtJPitF*s:x1neueti'uti1,r. Apart hern getting an IF

edrhees ter the Ejrfiiflfl end het.-ttg it redetered In the Dernein hlerne System

{tit-ts}, the Litux ‘marge uri else need a netererti eenneetieh. [hep-encitg en the

nehlrerii arlzhieeture used, this means pdu must define the IP address it the

DEA eerfllgirretinrt erprepere Ite pe|nt—te-peht eertneztien it he ‘uiht Ti3Pi'|F er
Litux hm.

9.2.5 hstalt and eerrfigure the Linux spsterri

when the user ID Ie defined it wit and Tt:PitP dtereeterisiies ere Iinewn. the

Litux system cart be installed and eenfigired. Hate that. wilt anumberef sirihr

Linux irneges rmning en the seine 'I.i'i».t system, there are mere ehieierit ways te

get another rrenxhe L‘-tux ‘mesa than Just run the entire itetelielieh ereeeee:

these Bsues are adds it Chapter hit. "Etenitg Linux images" en page 2E|rEI.

|3t|tfltit|'lr|3i.'i‘trlt:vI:III‘r;I.tt:'.tJ1t;tI't tst



9.2.5 Ftegister the user ID with eutemstien preeesses

This registretien will ensure thet the user ID is eulernetisethr sterted. stepped.

mdnitered. end en: en.

9.1.? Ftegister the user in se I:-eetrups sen he made

This registrstien sheutd else ensure reseeergr will he dens 1.-.-hen sernething
"t::-reeks".

9.3 Using ttltt TCPHP es the virtual reuter

The ‘I.-it-I TC PIIP etedr een be used es as virtual reuter. we the surrent

restrietiene net the ETC and |UI3"r" r:|'i-rers in Linux [es-e t?.t. '.Ft|:ri|'rl:.r te

resentigure ETC end IL.II:tI‘ en page 403}. ltere ere edtrsnteges in using the Wet
TUPIIP ste.dt-

Fer example. new Interfaces and pelnt-ts-peint links can be defined and eetieeted

en the 'I.i'|‘:.l T-EPTIP sled»: 1.I.Iih-nut steppingenvd starting it. Hr:-1.ue1.rer, the presses tn

the this-—es well es the Ej.|'t‘ttEtI el the eentigu retien ti|ee=—een be slightly

intimidating. The leltewing seetien elem-enstretes hm-r te use the t'.'IE|E't"F|LE

eerrlnend te dynernieelhr create the sennestiens. The tepelegtr cut the net‘-eerh is

shewn it Figure 9-1 as a guide tn the IP addresses gitren in the e:ter'n|:r|es_

 
Figure 9-t Te1:re1'::.'g|.r en’ the rretl.-uerit

‘IQ! |Jnu:t r:r1|Ei.i r_’._e5mer-.r-r- zSeries end EKJEIII: ISPMEP Etetutierts



Th-a saanatiu daaarinad hara is For |lJC'|.F cannactiuns. Tha sauna praa-aaa«::an ha

al-ana far ETD aanI1a«:tlana,'.arI1 5 Fair ni1ar+:Ilfaranaaa. Tha livat dlflaranuaa la h

1113 DEVICE and |J|"vI|{ alatarraarnta [aaa TEFHF F1'am:'rry.aam' ,

E-Baa-59fl1.fm'Iha :la1ai|a}.Tha amar alilaramaia ihal aittaal GT1‘: alauiuaa naad
ta be +:|a1|I1a+:| i'I Iha "M TEF.I'|F' atauiurlrtual rrInal1i1a anal ChC|UFLEd to 1115

aanaapandlnu aflnar virtual -::TI..': davba.

9.3.1 D1II‘I£I11iI.‘: alafinitiana and I|'IE FFIUFILE TEFIP fila

Whan 111a WI TGPIIP and: la atautad, I raada 111a aanfignatian fmm la pmilla.

'I'I|han you I:l1an5}a Iha n:a:In|igLIal1'n:I1 an‘ an rI.I1rI'ng '|u"|'ul TGF':'1F' sladzwiia lira

E|E|E‘|'FlLE aanInand,1rau rnuat also updata ha praliaia rnmaa aura Ihaa-a

ahangaa will ha pkltaal up ahan Iha 'a"|'ul TEPJIP aiaak la raatartad.

Th-a DBETFILE uzarlnaml is unliaa other ‘UN uanmarads. When a user iasauaa

tha EIflE"r'FlLE a:n'manaI.I1a1 aauaaairaa ‘UH TEPJIF ataal: Ina ta ta mlnlcllal-;

nhhat u-.aar_ II Ihan raada Ihaflla apaaiflad an tha CIEE"I'F|LE aarnn1and1'mm mat

aidzta pid-: q:+tha +:an1igI.Iraian a'tadamarrIa.TI1ia rraaana tha ‘UH TI.‘-P.|'IF' static

rnuat laaauhnrizad la: i1|:tatha uaar'=a+:||alr{aiI1ar|:I=_.r1l1a ESM arI1n:uugI1 Ewald

 
H. 'na'rIaa" inplamanlalian uf II.'.JBE‘1"FlLEcan caluaa pmflanu wflh EIEI ha-::

ahangaa ta HIE TGP.I'IP nmflgllratian. II 111a pmgrarn la inualaad by an auln-n1atad

pn:aaaaa_ maatnhhaaa prahlarna can haa'ar.ah:lad_

 
Baaauaa ynu alaa naad ta I.|:H:|H]i Iha TGFIIP pruflla, yaau want lhatalala to ba

Ilalcad HID II: lha UM TCPIIP aiaflt. Thia awiha uaarfllat Iaauaa 111a flEIE‘r'FILE

a-amnanda can aha I.|:a:|Ela thva pralia.

nrwnra.waamnp.uaum 1!:-3



9.3.2 Creating the deeiee and l'I'Ii:

The ee'nt-te-peht eerlneelien ‘:1 we TGPJIF requiee heih e deeiee me e mete
be defined i'I he PFIGFILE TGPIP lie:

rt-—l-I-III-—eee-I-ee_enIr—il:I—e B—ee-In-_re-a‘.eeI_e-e:uIr.Ie—e:'ler1e;i-en-«I

Fgiurefl-2 Tireni.'iE'.-'i'I:2'.Eea'e|!e.I1're1"rt‘iaJ-ran i'I!.n'-I:'.!'1.-"::i:I-rrrle-i::Ii'::u'r

n4JI4m_m4mAIu_$eeehHln_ 

F.ijI'|.II'-H5‘-3 fireuiefleieemiemereeiunzweemeeeee

ihlhile heehg eeeiee nemee and link nemee preneeleeileiiiaityr. Ice peinl-Ie-pefnl

eenreeeliene leen heeeme qdteemleereeme.

Ferlunatehr TCPIIF n:leee1't ewe i‘ we uee the same itl-erflier heih Ierlhe eieeiee

nuernue and let Ihe ill-: name‘. And elnee the UM TEPHP eteela: hee iuel e ehgle
pe'nt—te-pelnteennenfien le each Linn: rnege, we night as well use flee user II:

efhe Linn: eiluel machine as deeiee name and Ink neme.Si1ee the eereireu

rul-ee let lhe TC PJIF p-relieeenet require lh-e DEVICE end LIHP-I eletement ie the

nee-:i‘ieI'ent||rbe$.1HeEfl‘I eulhem eu1I1eeemeIi1e.1'hee;rnteeme:.r|eel:et:it

reI:|un:ient. hilttie ma-tee it mueh eeeierte elmelmele mines.

The deilnitien in the TGF‘:'1F prefile Fer epeiit-Ie-pelnt link ie eur peirit-te-peini

eenreeeliene een nee: he deiiied ee eheem In. Example 9-1.

Exeeipie 9-I 1"heDEW.':EeraeLiJ*ii{eeeiemenIe kireerefmmimuier

tleeiee I:r.'|11|1 men! 11 II} tee-1p e I1n|: ten-ip iLI:I.I [II Help
deelte |'IIT[IlIIii Tuee e 11- I.-Iiinuee ii I1r|i: elilreiee ILe:I.I [II ereilnuee

deel-:e Lu-ceenee run: 11 11- meeeee a Iirli: tune-neeu ILe:e e tueeenee

device tueeeeei inch! 1} i} tlmlii-ill]-I an link tueii-IJIZIIJII lLr:I.I I1 tu:I;ElIJIi|-i|I|

tleeiee I:LI;I:fl-IIHJIIIE 1ur.I.I II} II} meeeee e I1n|: mneneez iL|eI.I IHI.I:I:flI]-I]1]IE

nleeiee tI.I:I:£|-Iii-IJIIZIE nice I} I} tIeE*I}IZI]-1 e Iink tueeiililillfl iI.e:I.I IJI tuxrau-nee

‘There Is nee:I1eeI11 Iiel rLrI.leeera':I1eef1-'i.lTi3'Fn1FIiIli;nemere etri::t|r-iilie eepeet

IN LiIJm1Eilu:nj.'etnerI$erieeEIrd5~l3ElJ:IEIPie5F'5u:II:tim'1e



The firel eerlle-elien ie the "u|:ti1h" le Ihre ‘UM TCPIIP stack Iemieh we ueedle glee

ESATGP {pert ef Ihe Linune Perlennenee Selle]: eeeeee te HIE Llnme imegee. The

eeceru:lenepn:w-idee ecieetmmeeinn In en::nlh.erLi1u:-: ‘mega-Jnlhe eeme "u'l.l

eyetem le eleer eliente ii met Linen: inege leg. lehetl te eeeueee flue Linux

lmegee Thie neanneelien weulel net be peeeiale vie Ihe reel net-e-erli. Se-e 4.-L3,

'Uei1n;| 1lIe CIEA 'erl1i1 Lime‘ en eeue 1-lfiler me1edeleI'|e_

hreu eemnere fife: 'e'it|1 the e'_I.n'rIe1<:leli1i|en Ierlhe DEWBE me LIHH

elelemenl. ].reu een I:leI:luee which eeeurreneae elthe user ID ie ehel. l'I'hie rney

eeem eenluehg, but will hewerlh Ihe eflen heeeueae yen wen‘1 need he

remember eIhefl1erI1e ETAFIT et-element requires file H: name erflie delrinze

rlern-e.]

9.3.3 Deming tI1e heme eelelreee fer the Interleee

The IF ee:l:lreee el the ‘UH TC:P.IlP eleezl-: eide eltue pelnHe-peiwleenneelien
must he n:lel'ne-cl h Il1e HUHE eIetemenI_

Fi5n.rree-4 ‘l'.freemte-rcu'll1eHr:rl.IEerelemenl

-—eIe:—|-teneegue-—1en1_

Fee FII:r'I'II-till-[1-I:I'I'l’l eemeeliene. 1l'ue eerne IP eelelreree een he epe-efieel lereeeh
|'nI1_S'nee Ihe IF adcieee cleee nnl have In he in he eeme eulmel ee he elher

ei:le el‘ Ih-e eenneelierlu [we epeeijr e eulenet rnefle el‘ 255255.255:-J55}. we can

even use the upllnl-: IP eelclreeue let it.

The 1.:-lrluel router h an exempledeee net have lte men ne-el natweelt lnterfeee

eill1er.heltueeeeI1|LllTu'::eI1nee::lien lelliemefn VMTEPIF e|:aek.'I'l1eli'elperl

elhe HUME etelement in eur prefile ie elwrm in E:-temple 9-2.

Exenu:-le $2 The H~:J1llEeleee.rr1em‘lnllre Tflfielfipruele

Ilene

1e1*.1fiB.-5.1 teplp

1E|E.1EII.fi.1 ml inuxe

1'i|E.1fiE.li.1 tLIl!E|]-EI|]'IZI

1.'9E-1Efl-fi-1 llI:I:E-IJ'|II|J'I

1.92.l.EEI..fl.l ttlflll-Ill]-1'

1EIE.1£H..fi.1 tu:I;E1]-EI}‘.'-

Unlerltruelelgr. '|.I'ln.l TGFJIP requiee ell lrllelleeeele he ieled ii a Eilfle

CElE"|"FILE npenelien 'nl1en a new inerleee ie en:lu:le-cl

eheelere. 'u'Heen1'rg.Ireflm IE5



9.3.4 l2Ief'|1ing the routing information

Thafi’-ATEWAT stataniaritiallt-adtuaJenflyfl1u|Pad«1‘=assutthastackattha

I:rI'.|'IHi' side at the pnlnt-tn—pni1I+:a:+nna+:l|-:11.

H.

tlplnuiu:

Fjgum 9-5 Tiuagnarfl IE1:-G.ATEit5lt’.-ntaniant

As shumn ‘I1 FIgLl=a- 9-E. aatlt 4:! than :;::I1na-tnliuns mudhua lhiad in he E’-.ATE'HA'1'

atalamani. Emrnpla A-3 ahuwa the nzuuting stale-manta fur nunlinual rnutar. The

twin Iii: is the upllnlt canrnantlnn to the UM TGPAP aatfllzlt.

Emnphrflts TnaEATEii5tratarumnm:m1':a;nrarna

AATEIIAT

-, {IPII Hetnnlt First Lint Han. Pnctat Ell-net Slmnat

-, Adninets Ilup line Elze tl-Illi] Illa:-t 'I'1]lIE
F _ _ _ _ _ _ _ _ _ _ _ _ __ _ _ _ _ _ _ _ _ _ _ _ _ _ _ __ _________ __ _______—__ ____ ____

E|- 12.5.95 - tcpip flltlfl hurst
E+.12.-EJA - I.-Iilnntfi E-I33 hnrst

defaultnet t+.I2.fi.H i'IHl1|.I.i:|5 :5I:BE III

1*iIE.1fiEt.-5.2 = tui:ErI}I:I}IJ fllflfi hn-it

1'i|E.1£|i.fi.3 = tI.I.I:E:-|]fl[|Il EIEB hntt

1.5IE.1.EH.fi.t - tur:|?r|JD|J-3.‘ EIEB hu-st

1'E12.1fifl-.fi.E- - tm:IiI}|2H}2’- fllflfl htrst

The datatitnat mute ism the Linn: mamhite -.rm|i1LntE{'nste-ntlaitn Ihe ‘UM

TEPJF stat:-it, as you rnight mama-ct};IJ1Is ls lznanauaa Iha 192.163 atizlrassacs -nnlyr

axiat an his ‘n|'I.n1 sjrslain. Tryingttr lat tuna tnfihaaaa inngas nnnrracl to aIwt|1ar
hunt in Iha 9. ti-EII':|.|'|:Il'I{ Ii.rnuin:I1‘t ‘I'M-I1-t hecattaelheie is nu rnula hanzit inuthla UM

system.

Justas with the HUME atatanharlt. ‘EM TEPII P ret|I.Ii1as1he aanira GATEWAY

atalamani to be sunplla-d i1 the t}HETFILE+:mn1n1m1d when snrnaltniw-u must ha

changed nraddacl to H.

LiIJrfl1EHI.ij'9tI1'F:rI$IfiiEEIId5~lH}:IE|PfA5F'5I:iItim'i5



9.3.5 Starting II1e eenneetien

Te eieri ihe pent-te-pe'nieenheeiieh.1l1e $T.eFITeemrnen::i ie ijtreh in: the
detriee.

Féyiniti-ii Ti1ee=_-.-I1-m.Ire.fii*reSiI=i.|7iTeerrrreeed

A eiigle ETAFIT eernmend is need te eterl die eenneetien ferihe device. The

TCPIIP preflle nluflliei-re STHFIT eenI‘nen=.‘ie Ier el deiiie-ee t|1et1_.~eu vrehtte eterl.

I‘ ireu ere deiining lhe deirieee end inite up heni. it may be en eduenlege te

neennene the START Lntll Ihe Linn-: gueet is ready te eemeet Cllherwiee yreu

weuld weete tine {end eeneele leg liheei him the UH TEFIIF etedi |'E1T5i'ing lhel
eenneeiien.

Ftelry end reeenneet
The eenneelien helween twe TCFHP eiedtevie IUCV eeneleie e1 twe ILICEF

|:Hfl|‘Id:. Eeeh eide wl “eenrieef ile eenth; eenrieelien 1-elh-e elherperty. Fere

werici1gIF' eenneeii:In.I1e1h peflie ne-edtehe up.WhehI1e e:eI1di1gILiI:'h" pain ‘E

"eei.rered“ he the elite: end. the eledtwil reepend by "ee=.reti'1g' Iheelhet peiti ee
well.

There is: ci‘lerenee IIIB-t'I'|'EBI'| I'Ie way ihe "u"M T£‘.Pi'Il'-' steel: and ihe L'rIlII: neiiueir

drh.=erhenu:Ietl1e eenneeiien eetup. When an eitieting eenneeiien is eleppeei herri-

ihe WI eide. Li'iu1-: wll netiee that and bring Ihe linltdewn ee we! [end ehew Ihel

inlhe eyreiein leg-

Heweeer. when the Iinlt is eterlee egein item 1he‘u'I'u'l side. Lime wil net pieit ll}

me eenneetien request Even. an ifeenfu iumrii q: eemmend wll net de me

irieic tleeeuee the netrterlt lejrer eeetlnee the eerneetien ieetill Lq:-. Te reel-re Liltlli

talte eetien. ;.reu need te eateeute ifeenfig iueirii dean ieiiewed by an ifeenfig

ileeil -.1: eernmend. L|ni'ertuneJeI1_.r, Ihei remeiree Ihe deleuit reute yen may have

set |.|:| why ihet eehneelieh. We heietre iiie Linn: ne-iiuev tiirerelieuld he

ehen-gedie Iieten iere eenneelien etternpt egeh eilerihe pefli wee eetrered.

I lh-e 'I.i"|i.l T1'.'.2F".I'|F' elaeir. "E retryiig lhe- hit, it wil eflenqzil te eenheel tn ihe elher

ei:le ei.rer'_.r 312! eeeende. Between iheee eIien1pte.ii1e ‘flu! TGFIIF etedt ie

"iieteriiri5|' all the lime and wil reepend irnrne-dietel-_.I when Lliillili triee te eetelaieti
a eeI'Ineelieh.

I3iIiiiIlere.'u'inIetI1Iie.ireJier1 Iii‘!



FeseC1‘GeeI1nesfien.1hereslseisereh1resenr3fleeest1ds whenlhe

eenrseellen isdeem.Thepreeessissllu11l5r+iHereI1I lnfl1eIfl1e‘u'HlTE=PflPetesl£

deee net haseemedeuusndlng e||1he line 1.eI1enIJ1ee-nnrrer::Ib:e1 hersiihgie

bershied.ThismesnsI1etwheneneuvLi1m£inege‘Ehreu§htLq:. irrleynesdie

e.reituel=::~.'!I4Jeeeen:Isl:eferel1‘1e":'|'LIT:‘JP:'1F eiedsisehleteteltenelieeeflhe

eAtenpL11'iseeii1uperi:dms;seem1risisl.hnflmeIyisnetwheny'euIsl.

sbmnhrirgilutperrewinlege inli-Eisesemls.

 
9.3.5 Futling ell the pieces together

Aeinplepregrelnwes1wrItenteed+:lIheeenI1e::IienlereLi1tn»:ine.geIeu1e1.fM

TGPIF steek. It qndetes 1he FHEJFLE TEFIF end issues he -'.ZJEE‘1"FILE

e-emmsnd te adimrete me new eenneetien en the nnnina '|uI'I'nI TGFJIF steels. Te

rneleeflm file eederte parse, -are edded a few speelel eeninents I1 lhs file I»:

merit ihepleee ehere iems sheuld he heertetl. Du: TGFIP PFIEFILE is sheen in

Exenple 5-4.

Ageneris pershq rmlhg Ins Iheezmliqurelhw fieheemplleetecl, but wede nnl

need tI'|is1IeJIi:Ii|'fl5r1.I.I’r1nsn the neerenhie-s are e.v:h:|eI:|1hreufl1 snelmmsled

preeeee amrmy.

Emslnnniee-4 The FHEIHLE Ti.?FrP:li:~resn' wmrefreeter

t1n1-nlitehufferpru-els1se 21}
II-|1|'|I terreserde

t1I'est.eq: pr-eff:

desire I::|:Tp Tues -I]- In Help I ITr||»: Icp-Ip ILn:e [I tcplp
es.-Ice 1'llTI1I.I:I:ETu:HJ' I1-I.'I11nIe:l5 an I1nkm1Inme.e less It smllmse

nleelse tuxmtr 1w:s {F I} tlshstr e Huh tLI.r.EI'rs’r.r luee IJI tu:4:EI1st1-

[I-sI.IIr.'s |:I1;I:HI-|]IZII]I1I.Lv::I.III} II} liIIE'[|'|I|'U e |1nk l:I1r.B1]I:II]II] lLI:I.I III tu:LEII]II]1]IZI

tleulse 1:I1I:.EIIIII-IZh'.'I1 1ueI.I -[I- I[I- mflllflfl-l e |1r||: tunflflfltrl lLI:I.I [II tu:tEII]II]{rl

; =ds'r11:s

hme

1ss.1ee.s.1 tsplp

‘W5 LiIfltIJ1E-H$'fla1'erI5IeIileEled5u'H}:lE|PfiI.5F'5I:II|iu1'1e



1'91'.1E&.fi.1 mllnuldi

1'iIE.1IE4Lfi.1 tuecketr

1'iIE.1nEEt.fl.1 mill]-III-I]-III

1EIE.1dE.fi.1 tLed'.Ifl-Ill-[rl

', =|'mIE

|i».IITE|ul.':'I'

: -[lPl| Heta-eri: First Llnl‘. H-HI. Peel-:et :’a.I|JI1e1: Sulmlalz

; Address I-Idp Illile 51:1! {HTU} Heal: Me:

I 9-.1E.£.§fi = tap-1p Ellie! heat
E-.1E.£.?-I = I.II1InLu:d e1aa I-heal:

elefaultlret 9.lE.E.'H I.'I'|1nI.u-:5 HIM, I1

1'9E.1IEfl.E-.254 - tmmtr em heat

1'iI1*.1fiB.fl.3 = tI.n:E1]DI]-I2! E155 heal:

192.153.-5.4 = tu.r:B~I}D{I-l BIBS heal:

-, -gatauay

start Help
start enlirnafi

start tu1EI'rstr

start tl.IIE-[I]I[K]

start tuafiflfl-Bl

: -start

Wlh lha reeirlefl-ena we've putdn he leyheut d1‘ 111a e=:1'IluuLI=aIienIIa,Ihapra9'eI11

to de ma upn:hIaacm ha realty alrnpla, aa alimen. in Example 9-5- The pmgram

edde lhe prepe-renilieeie a WW efihee-eniiguletlien iile en the A-diet. Iihen

hullda a len'q:ndran.r1Ia arid’: Iha [:IE'u'|GE etat-arnent. 111a STAFIT aielameni anellha

HUME and EATEWAT aaa-Ilana, and Eaauaa an flEE"r'F|LE reamrmnd aphat

thatfile. When flBE‘I'F|LE g'reeee.retum eede{|I.1he wnliguefimfile is replaced

by he new due. and ma lH'I'|:I-I:II'H|"_i|' Ilaeera araaad.

Ekanuieefi finwepregmnmefiemmmmnmmemmwmflm

."* AEIJTEPIP EIE1‘: Add a L1nIu:: guest 1:-e TISPHF '.I'

par-ea ar-9 LIE.-I!1*fd hr .

'FIFE state PIHIFILE HJFIF * | a|:IE+: -«L3 I | 'ra.T' cu-1fIg'
n-ertfile - 'TEIl3 TEPIP H.‘

‘FIFE 1‘ eenfiu '|leo:e1:e .I"uaer1d'.n' | ta:-I11: Hnae I var cut‘
1|‘ ant 2- :1 than

in

Eheulere. 'va'Her.'I11'rr;.|rei|m 15:5



say 'l.1nk fer‘ u5er1I;l '|:I-reIJa|:IL1r already present‘
return l

and

den. = ‘daI.IIee' Luerid ‘inn! 1} In-' userid ‘a lTnt' userld '1u:I.I fl‘ userld

have = ' 19£.16e.e.l ' llserid

gate - ' 1'12.1i5~E-.fi-.'1eft{nr'.3II '- ' uaerid ‘H-lfl-‘B heat‘
5l:r1: - '51:ari:' u5er1d

‘FIFE {EM ‘I.]I".

'1; «=' cnnfig,

'|:-:1:str-tnalabel.-’;=:1e'n'1::.-=:,."',
‘I ll fanln‘.
‘I I-' Iarlcffle.

"n'ar:1e'rs|1:'.
“I. 11:‘.

'|.'-:E:etrt:11ah-el.F; =nm; | 1=',
'1». eartruna | 1:",
l'|L1E:li

‘I :1: strlt-:J1ab-el I; -gatelarf I 1:‘.

":.'n'argaI:e|1:'.
“L 13:‘.

'IaA1:5trt:11a|1el;‘:-5tart.I' I 1:‘.

'1; ‘I'll? strt | T:',
‘R14: I I:'

‘FIFE '[enI:| ‘I.}'.

"L -=' Iarluflle.

‘I strfflabel .|‘: -de1r1ae.u"'. .I"' Take HIHE a.I‘rI:| |HLTE'Hu|L'I‘ sent "'3'

'| atrtnhtnel .I‘: -g|1teIeqr!'.

'| preface 1-er s.t.r'r.', .n'* and the START *,F
'| preface var dens‘. .n'* Add the l1E'I'HIE sutanent ‘I
'| =-' use:-1:1 'TI:FIP an

'|3JETFILE' u5er1d ‘TEMP 1 (REM?
1|‘ re - IJI t.I1ea1

dn

'I.‘:{I1'IFILE‘ anrtfI1e celflg '[II}LI1-D FtEFL"

'EH;I5E' 1-arltfl le-

'EFt.|L5E' use:-1:1 'IIZFIP A‘

end

rel'.urI1 rv:

Daalatlig :1 llri-I Ia aha paaairla. Bananas a1 lha ainpla h3raLI nflma nan1'igumt|un

fila. 'Hacane|:riter'rtl1aprag*eLmaa.i1u1u11 i1 Ea:anI|:|aE|-Eenpelge-E'fl1.

Un15urnr|aIeI1r.weee|1nutde|ete111adeeiee etatelnenteruaeit iedefirrediuthe WI

TCPIF ataeH,hLItwanan1at|naatstnpfl.

LiIfltIJ1E-H$'fla1'erI5IlIileEl!d5u'HJ':l$PfiI.5F'5I:IIfln1'1a



Exempre EH5 Deterirrg e eerrrreefienriern tee eenriyuramn

.I'* EIELT-EPIP EIE-E Iletete e l.1rru:-c Ila-ge freI1 Tt!P,."lF eenftyurettm *.n'

pens are Lu-er1d .

'I'IFE Hr userld I rrlete '|I:nrEr | ear u5e1'1d'

‘FIFE state P'F.‘I]IFIl.E IIEFIP ' I eper: IrrI.3 I I Tilt‘ ea-r1ftg'
I-r|I1I1:T'H! = ‘Till’ TCPIF H’

‘FIFE -e‘ enunftg '| n'Ieeet.e.I"ueer1:I'.f|:~'1rerI:f11e

'FIFI:' -[arid 'I.}'.

"'u. -=' rrertftte.

‘I etrfrtetr-E1 .I'; -:Ie'r1n;e.F'. .n“* Take HIJHE arrrl II-r|rTE|rt|r'r sent *3‘

' etrtetetret .I': =get.eIe;p'.f'.

' I1|:e1'ill STIZIP‘ H5-E1‘1IL .n”' and the 5lrl.ItT "I

'| :+' tr!-ertd 'TI:FIF' .|r'

't]flEt'FILE' usertd 'T|2PIP It {REH1-'
1t re - tll than

11::

'I:IIZlt"'Il‘ILE‘ aerttftte eeaftg 'I:I[I-III-[J FtEF'L'
'EFt.lr5E' wertflle

'EFt.tr5E' Lrr.erTu:| 'ItIFIF F.'

and

return H:

9.3.? Def'|1e mud eeuple the ETC devieee

I1 addtien te urhat is ehevm in previous aeetierre terpeirrt-te-pei1teenneeti:rr1a

ever IJEW. e trirluel GTE nee-dete tledetlned and eetrpled. EteI1 DEFINE eru:I

CCJUPLE ere CF eernrnmde met can he testrediwrnuglt the METETAT GP
irrterlaee. The DCHJFLE eenananel can he ‘Hatred Irem etIi1ere'r=:leetI1e

eenneeIi:n.TI1e|rr.peemr1'Iand {frem the epi11 pad-zageteen he need te ieaue the
COUPLE eerrmende train the Llnmr et:Ie_

Te have the virtual tZ!TEe r:lefl1e-clat atarttqu etthe "u"ltI TEPIIF states, you can

detlne them it the user eir'eeler'_n.r er iteludetlwm it the S‘r'3TEIr'l l}TGF:t.HIr'lE file

I.I.r'ltI the .1.r-::tr: tag. t|'I.|'|1ent|*be GTE ‘Ia detiled fltrnurjl the DTEPAHH5 lie. the

IJCILIFLE eernmanel ieatee batted tprwizledflte Linux rnaehirreie already etarteel

LII]-. The PFIGFILE EIEI3 el1,reurLinu.'r gueet eheuhzl else he prepared In ::te1i1e

the 1.rirtual GTE ti‘ netdene flreugfli the user Iiredery} and try to eelqnle he he

'|r"M TGPIIP etadt. ‘n eaee Linux is etarted alter the WI TGFJIP etadt.

Ifitwlirtr. 'r'tleeI11'r;r.rra1ter'1 IE1



I‘ yeu run alwge rrunlheret Li1LItt'. inagee this wayryeu prehehty sheultt here a

eentrel tile read by the PHDFILE EHEG et yeur Lirrurr guest te detine the preper

yitual t:TCa_ Etna eptlen weulcl hate read and parse the lZrTt:F'rtI.Hh'|5 sentrel He

at TflF't|F' se that yet: heyee sirge peirt te register the t3Tt‘.is.

9.4 Using Ettrttlatnt ta sreate Llnus yIrh.raI mashlnes

Etn a t.I'|'u'| system wih mere than a few user ltits. it is intrraelieal te malntair the

ussrdlrestery manusly. Etifng the r:t':ar.-ten; by hand is suhhsrssms and

errer-prene. Sesrrrtty ‘B en-ether eerIei:|erdien. heeeuse iyeu -:|e net r'Lrn en

Errterhat Security lttsnager ter trtlrt. Ie-gen paeewersls and rrrinirtistr passweh:|sere

else rna'nta'nast In the user r:l'Ias-Ienr—md they are ylsitta ‘n staarterrt tn Ite

persen rneirteitirg the etireetery {me anyene whe leeks eyer his er her

sheutder}.

Etitttaitt Is the lflht rtregram prectust re manage y{1I.It"|r"H user-:t'rer:tery. fls

eernetete name is ‘EH3-IE4 Etiraetery htairrterrerree mess".

I‘ yeur hatalatien ts ushg Dtrhlatht. yeu must use Dlrhlairt te mahtatn the user

tirestety: yeu tle net have the eptien it ltet case el rneneyte yeLr Litter user

[ts by hand-e+:I'rtin+_;r the LIEEFI DIHEET {end trylng tesle ee seuh:| eause serleus

pretznlemsjr The same hettts trrre when the ‘nth! lnstaltatten ts using at:Itreeter'y

rnarragsrnsrrt r;rn:re|ust here a seltrlien eleysleper its tuttntzfiesrre. ‘rhu eennet

reatistiealy run sitterent siraetery management preeluets en the s-srnetr'I'rl

system.

Usirg [Hrhta'nt is net the entry way he manage ysLr usercirastsry; it san start he

rnenagetl by at.‘:h'|B epplieetien as e sinptetlat tie it CH3 and lereught entire

wih the [Zt|HEt3Tt{Jteerhrhar1d. ll yeu errty hays yery tyrrisal stsnnzlanzl Llnurr

|rna.gas__1han rnalntaifng Iris Ilat tie seulsl lee autenrated taity aaslly Heweser,

whenyeu run :-.'."'t'|'Ir'| tehe-stetarga nurnheretL'|1uJr irrseaayeu are liketyteend

LI! wih a tat at user IDs that are neh—staru:tsru:I er+:Itftereht_

9.4.1 why te eeeid GET and FIEPLACE

Even when Etittlatnt is ‘n sentret el yeur user stlrestany, yeu can stl rrrastty

rr1ainta'n it yu;rr,|rs-elf I yeu werrt he use {-iETerrr:I FIEFLAIEE r:-r:IrrI'nsI1ds ts upshsls

Lrser entries it Etifttalrrr. I-teweyer. we reeernrnerrsl that yeu learn the llitrtaint

senrnsnsls te ale hsnenrentst etirsstery updates, because this is less errer-prens

than esititg the sirestery errtriss by |'rent:l. Understertdine hew te LIFE these

Etitrtairrteerruhsrtes wlstse giyeyeuanidesethewtlrepreeessean he
autamateri

I01 L'I'tt.ItH:I1|Et.l rf£t'et:t'I-'I°:rI'-3ttt1'n'tttt-tat EtItr:| ease: |EtP'-'Il5F' 5r:lt.I|iI:t't5



An sdtlitienel benus iersseitiiu the use ef E-iETsnt| REPLACE is that he

lilirltlleinl eeneete leg wll glee yeu e hill repert sf eeeh enenge that was made ts

'|I|'|E disdeqt

9.4.2 Keeping the user rliectonr rnsrrsgeshle

Etelerirerisnrpreeflessnrl pretst1rpe1|Ies sen hsuserzlts sI'rplii'_:.r nsenegemeni ef

the user siestery.

Eireeleryr preliles

Tire CF usersirecteryr slrpperts prefiieste be used in the tletililien ier a user ii

the r:|iree.ler'5.r.'|'i1re INCLUDE riseetery statement it the user entnr i:Ien1iIiee the

penile he he rrssdierlhsl user. +'J|:n.r|eusl1.r Difulslrrtslsas suppertsihe use sfleese

tiestery prefies. The preiie itselis menses-ti by Eiihlshtsirrlierte user IDs. se

eeu sen use nerrnel DirIr'ls'nt esrnnrsntls Ie seld eteternente te prefles

The pmlls senishs the rirectergr ststsrnsnts Ihslsne idenrlesl ierihe user lEIs

tee. i1itte eernmen {H-£5. IJCV ststernents}. "lieu r:snereste+:iiierent|::refiIes ier

the eliflerent gnsups el users the] you

Essrnpres-F Ssn1.er'eeirsri:r}',nre+'iie

Pflill-'[l.E IL|I't-E-HM

F.'|I'|I|lI‘iT TUi't-E

IFL IIHJ

IlHt'I' I'|.IIIiiIi5lFt

IIIHIHIHE its

ITEHE III-[I'D 3315- I

5FiI|I. '|I||J|.'I EHO FtEA[|'El1 "

SFIIII. -|H]|'.|iJ E5-It! P‘|JiliIil A

SFIIII. -|]i]|'.|E [-1133 I5.

LIIII HitlHl' -[|1E||} -|}l'}|]- Ill:

Lilli i|l|l.IHI' {|1‘i|[I -i]-I'll} Ill:

LTII i‘|fl.l|‘|I i]'l'i|E fII9E Ill:

LIHI HIIEHETR [I11-i'l -I]-HII RH

LIII HIIEHSTR llllll -[I-].ltI RH

LIHI IIJIEHSTR |11.IlE|' iJ'2.|i.E| RH

LIIIII 'I'IIlLIilHI-Ii |}1B:|Ii '|]']liJI| Hill

The indur:ie prefile sheen ‘Ir Erternple 9-? is Lessrl fersl Lirus insees ‘er a

penguin eeieny te slerr eseh efthe user |Dsh:r set tn er1|UCiE senrreelien telhe

“lesrieret the selerw‘ {'shi:h is TUiI:Ehl5TH, In this essei end here lirirs tesenrs

nflrecisltsefflrelealier.

ehersere. 'r'irIetI11'rg.Ire1ier'1 ll}!



Prututgrpe tilde

Aprmuqppeielte eske|stanlnraLnersnIr'_qri1he1irectarj.r.11tepmtetype ‘E

unIrI.Ieed|:r'_urI1eElIFlI.nlfilDDeunInendsril1fl1aLIl{Euptiunlo:aeetearaewueer

snlrj.reeedn:I1gldfl1epratet-_.ru-e.

EIsd.I1'I:I1'd9-«H L-Hrlgfllflfl.-1DDHIfl'hLHl'ElddIid'dLIdIdriD

dlrn avdd 1:LtI;llI!II]IllIll1|:etuI:l'.i pr leefluss

[I'l'lIIIlT1l9lI lnur hm request has been seat fur p-rd-sesslng.

Reedy; 1'-l].l]Il.I"[l.-[I-I 1-l:5fl:IEI

l1|lHFtEI|12EE|dl Tuur .|.l|-ll request for Tl.|:ll|DlJ'|:I~l at " has been accepted.

I1|.rHu|uss25l Ihe suuhte fer tI11'¢1:tnr"]' mere nltfluuus has been updated.

IJllHElll|3-l-25! llae nest IZllLI|'lE I'll] tate place as seheululed.

I]llH5EIl.|35-!l1[ Hnrls Inlt II]-B1-15342 has tleem bulls and |].|E'.l.|E.'t1 fur prueesslng.

l1l|H5l-II35-!l1l Frdeesslug II:-rl: un11: Eldldfid-12 as lllltl-EIJ frm '|1|L1lI.|l‘..

l]l|H5l-Ilafi-Ill am-tTf3.-1n~g ll'I'I1-HEl.] at 'I'I'lI|IJI, rs.-splest i'5.l fer Tl!1I:£l::]I]II]-1

l]llH5l-IE5-Ill syrsefflrl *;, tu: Ml]-I'.1'|-I tile-I} 339$! .||llT{hE lfll] LIII llll: E|.|I[".-lIIE
I1lIH5l-I135-l1l Ills-E

I1lrHH1.fl.sBs1l tour tan‘-I:IL request has besa relayed fur In-m:ess1ng.

IJllH[llE3lEli[ Eilaarlges made he dlreetd-rgr entry [l'LTlllZI'I'E here Just teen

l]l|HM-IZHEBI |1la-I:ed enllne.

I]l|HlI:{'.:-HEM changes nude to directory eetry 1'|J!r.d‘IIltZl[II-l I1s're,just heen

I1lIHmt.‘s42lsI placed mI1rIe.

I]l|HFll.lHE'i1I tuur EIH-BIL request has heed relayed fer prutesslng.

I1I.rHFtEqe2EHJt tnur HID request [or Iuxendua at * has -seq:-letezl; 1uI'tI1 Er.‘
l1lTHH:E'l'l3E"E|*J'l - ll.

I]l|H5l-II35-lll Processing lurk un11: Edlalfid-li es Illltl-[Id |‘ru:a1 'l'l|LIIl.|:l,

l]lIH5l-Ills.-!l1l ndtlfwrrn Illml-IE|.] at 'I1'lIllJI, request i'5.l for Tllltfltlllll-1

l1||TH5|'||3|5-Ill $!|"fl1"|'1l'| '5. lid: 1‘-Fl1'I5|'l U1Fr|J' 3390 FIl|Tl1|5 HH1 l.||.'Ii HH: B?l.|'E9IIE
I]l|H5-I-H55-Ill ID‘!-E

l1llH|Ill-L‘!-l-E'.‘£Fl tlharnges items be dlrettd-1-3 eItr_I.: ll-'IT.IIlZI'I'E here Just he-eta

|1llHlIH:S-lifll placed unllne-

I]llH[lIlE34.‘Eli[ flhanqes rude 1:d- dlmetd-1'5 setr,I.r TUl'.dl]IEIllI-I here Just been

l]l|H[IldJ-lilltl placed dnllrte.

l]lIH5l-Illlaltl Fl-IJIEI I:|1-Er"dHd-l'I I'd-r 'l'lJIl1I:rIII-I:III address Illd.-I] has I'rnTshed

I1lIH5l-III:-Idafll fl-I}I:F {I-3145312].

The Dlfild ADD eutrlmantl it Emrrlple El-E mews lwer met ID T1J2|lEIJEIlJ~l were

eddsdushglhs |:lrutalypeTU1IEE.'|'|1s USEHate}emsnti1I'mpta1utg.IpslIe

weuld cause eeeh uesr ID nreetedfrum ms psetutws to have use earns

paeewunl.

IIH LiIfltIJ1Eld$'m1'erI5llIileEltd5u'H}:lE|PflI.5F'5I:IIliul'1e



Te atreid fltet. Dill-leitt reqttiee the peeetttertt let the user IDte he epeeiied en

the ADD eetnntsntI.11te seen-slttetwtts nteessgeetrttnt tltiseuntrttsrt-d else relet

teite DAIIMDVE user I1 Etessuse the AMEIISIC mtrtsment it the |:t1't1t1I:Il.'gf|:Ie-

ep-eeiiee that tliett ehetltl lttetennettetl. tlie herttletl In the |Zt.|ttTMI.n'|tZI‘I.I'E user ID
firsl te have tl fi:tl1'I'I-EtI1E-d. A ee-«esled ‘tser1ttmi' is etseted to terms! the cllslt. The

seeehtl pen ed the eutpttt sheets he messages nehate-tt te he werttuntl |?rItI|l'H,;.I

ereeletl and flflrflllflifid.

tlheltgeethetttee eptlylteeeretetypefilestterwenienilnetaheetlttettser

emrlee created using Itst pre1eII_.Ipe_ The pt-e1st'_:,rpe Is used isrtllrestere

eletetnents that eannet be phased 'r-he pmtie like UEEFI end INCLUDE! and

|'u'|l2HE|'t statements that ere eitilsrhut net ittenliztsl tsttlteugt the rtttrrtber et

rnititllstts snd their.-szes tel helhe seine. Ihestsnhgstrllhtlerwll he dilsrenttst

each Li1Ll.‘It intsge]- Attlelnstis slleeelitztn tttsitg the ALlTfi'tF er ALITDE epttent
een he used te define the mitiislts.

Eeentpeeshfl Preset}-peflts

l|‘SEIt NIH: IEEFLIZIE I15"! EEEH I3

IH.TL|.|[tE TlJIEfl3‘Ft|Z|'l-'

HIIISI: IZ|1.lr[|| 335‘I2|' .fl.lIT|I1' IIEI-III LI-Ill II’!

when ens-.e user D ‘settled usi1gth'epmlatype lie, [Hflttein tell etntemetisstljr

eleeate Iflfl etrlinders it new LH.'.Het the

9.4.3 Rotating alleealien

Autentati: elleeatien it Diftlsittl ienet erthr very useful when eenttitertl ttrith

sttetetens. lttlslse let etl hee sdehg st rttithlsl-ts te ettlstlhg user IlJe.1t'|"rten

rntlthls eslumessie grstqned together, EJ|t1'.Isitt-:-.sn ds rststhg sltsesilsn en

theee tnflurnee end eistrttttte Ite rnititislte eeerthe treltlnes it that grettp.

EJte.I':'tpt'e 9'-1'-t} FIa;h1'errt‘-:t‘E.!tt'1"E|'It'Tt'J'-II3|.|'t']"FfIt'Jt'. ilt:I1'.I't:tt:a!iiI'rgIatI't:I-n:!et:i|2I't:It'r

:ltE|3[I2ll‘.t.

*1te-gtenld |.|eI5er' ltegfitert Ftet_|Ertd I1-pe
t|HI.L|1lt t|HL|.|1It 11431 13:}-It 33!!-I]-Eli] 339-3 1 IJSEH

L|'t:tIII13 L|'tttI]1i't 1 1tI}]-5 33%]-fl'} 339-3 1 IISEH

Lrtt'.tfI1l Lrttt-[I1-1 1 1e-I}1fi 33!-I]-III! mutt 1 IJSEIE

L|'v|J'.IZ|15 L|'v|tt{|15 1 1EI|}]fi 33%|]-U9 3393 1 IJEEIE

:E|lZI.

:IEFtIZItl3'E'+.

‘rlfiretlltlme ltn:«utenL1st
Nit 'I'll_tIlFt

LHIIL -[.ltLltEME Ft|}l.fl.'I'l|'IEj
Lfltt L|'II{Il3 LI.ItI'.'|II-1 L|'III2I15

:3].

eheetere. 't'l'uIet:I11'r;|.ttettet't IE5



The LALLEICATE Fl‘CITlllTl|'~lIl‘:ijleI1lI1.r "n he L111 group lrlihe example oeueee

Elirlolalnl to n:|letril:I.le lhe mlnioifla ooerlheee lhree eolumee. ‘Hnen you nee

eulemeli: ellaeellen ‘n al-tel-elnn filee, I1e tiara ferlhe new user would eI1e1w|ee

|JlllJ|:lHJl[|'IJ'EI allooeleo on lhe area volume. The ooulo loo load lorlllil

penonnenee flyrou have a lim clegee o1 multlptogrelnrniog in he Linn: inage.

eopeoiellgr when you nee hnge d|elI:eIllue{emuh1eo] 3390-E.

9.4.4 inplernent exit 1or mininialr copy

The Ell.lH[}}lP ewlt h Elllnlehl wouluzl neecliehe lrnplernenleclto elow ['.li*l..v|elrltto

copy diets I'let eerrlei1 a LirIu:: file e3.relen1.1I'n'hiIe irlereaehg or-:Ieereaai1g the

eizeoftheniwzlialonilllanerrlilie ey-etemia1eir1,r11en:I1ooo.eop;.ri1ganewt2

flle ayretern from one mlnllzlalt la lhe elher le nol clflleull {eepeelelly when Gills

F|E5EFl'I.l'Ed mini dialoa are being need. IhEI D-FEMS CUP? r:I:I'nrrI.!r1vI:| BEI1 lo :11:

11115].

lJi1u|ai1l le prepare-dte uae DFSHE when helaled. Thle allodcl allow

lZl1'LT.Iu.ll1lZll.lE al leaatto oopy a E11113 FlEEEFWEol rninimlno enotl1ere::tent o11ne

eelne eize and device type. I[|Jn1ortuneIeI3r. we were unalolelo eerlly llie beeauee

DFSMS wae nel lnataled on Ihe '|.I'lul eyeiem we uaeel_;l We belle-are DFEHE.

GDP? does not ounenlhr oopyilre IPL reoorcle of the +:ie1~:.e=o ll your Li'ILl.'I1

lrnagee neeu:|1olPL1rom +15‘-1'1 [relher lhen N5Sl.l11etnnLId he eotnelhlrrgle
waleh put her.

inplementirlo a routine for lIl‘uI'HEll1F using the prognrn shown in Example IN

on page 214 la 1el13.r elralgtltlorwarel uehg Ihe ['.Ilr1.llel1t ole-eumentaIlen_ Elilllelnl

cleoelepmentieewareel Iheee reenl»:-Ilena.ae i‘t'e peeelnlelheywl he rernelrecl
in some f~LrIure version.

9.5 Using an alternate boot volume

Linux [or 5139:] chea not nee Iiln eeihe Inel lrnplernenlellon do-eea. Eehp

Lnalnle to get had: to your preoleue lcernel can rnelr.e1eet'rlg anew lcemel

eoinewnat rioluy. However. you oan rnnoun a ernel minilfllr ooer -hoot and uee

that aa me IPL n:Ieo1ee; Example 9-11 on page aoe enowe new to prepare one of

me two IF'L mhilzialca.

E.I:e.rnp1'eQ'-1'1 Frepelioyeaeperaeebooeofak

# cat Iprecroaedrdeolees

III-EIiI5[EI.’:lII-} at I[9d:I2I-] 15 deedazaotlre at l;r|oo|:51ze: -109$. 3541111! hloolre. HE! 1111

|]'El§|-I[E|3lII|'} at {one} 13 oe~:dl+:eetI'u'e at hIo:I:e11e: -Hlilti, 36-I:r:H] hlocta. Ho HE

I1-EIiI1[EI2lll1-} at I[91:$] 15 deodozaotlre at b|oo|:51Ie: -111115.. Ifiloflllfl lalo-clue. 15:13 IE

3 Thepaorheolormo 2.4.~$lI;eInol’t::InJI.Inem1 d1aI1ge -.reI1r.'I1o I1h1goh1IIio eree.T‘rI'IorI1oe'e=.Ion I1olI.I:le-on o|:rl1on l:o
oeleel’ton1nfirer11loerrelo.

HE L'I'l.I1H:I1|BJ.l I.ij'eoT1'F:rI'-Siril-E Elnd Elm}: |ElP'-'Il5F' 54:lI.Il1oI'15



I}E|ZIE[E|3IZI]I} at [91:12] 15 duuddulztlve It l11uu:l:5’|.T.-E: -H196, I1|5!l][I] tflnzuzks, 13211 M

znantscm} at iivhllij 15 tl-arsda:ar.'t11m It hlucksiz-&~. -I156. lauflfl lnluclns, FIJI HE

EEHHEEIZIJI} at {9l:2I]I] 15 da§df:aI:tl1.IE at l11nu:k5’|.T.-E: -HJEIE, IBIHJEI l11n-cks, In ME

I I|u::-21': .I'lE'.I,|'-l1IsIlI'1 -I: ma

flafifs LIL I3-Jul-Eflflfl fur EHTE F5 £I.5I:-, 9'5-.f£+E.f{I-9'

F1I+as,-I‘:-taan 1aI-al=

-IE tarps! L1nu1

E.1u:I. me-I-[HIE [lugnfl

Fragment ~11a&=r-IIIIEE [lug-El
1BI2I1E Inna!-as, 1'.|'E|'J?' hlaclts

E99 blucka {5.I2lZI!rj res-erred far the super user"
First data I110-ch-El

1 black gr-4:-up

EETEI1 I11ur_k5 [-21- Iraqi, 32.'I'E3 fraupelfs par gmup

1Eh:I1I5 Irma: par gram

1-|'rlt’Iru 1rH;H;|e til:-la-.1: due

Writing 5Lq1£r'IIuI:t5 md fi1E_|'5tIi'.'I ac-I:n4.lt1r|g irlfnnatim: done

I Iuurlt .I'u;|eIuI.I'd-Isdfl .n"lnt

I cd .I'|:-nut

I1:|rcf- .|1:ar:»:f--1E.n'Int
I :41 .I'

I ll]-LII: .n'|nl:

I |+:II.IrI’c I'I;|ew|'da5df1 .n"|:H:II:+t

I if

Filvasjrsten 1|:-blunts Llsed .I|Ifl.I1B|:I1-I.‘ I5-2% Humte-cl an
.I':Iav.n'ma~nb1 IJEI-151 mm 191:5 fiat I

.I'I;Im'.I'I:Ia5+;|r;1 13425-HI 352123. 195315 -13% Juan-

.|':l-av.I't|a5df1 EEIIIII [H12 H31! 3:: Ih-nut

.Iu:5rnu::aI1s:aa,fl1a lPLniricHkmLIdPuwabau1mmhsmalarIhanma1uD

+:y1i1rdars umhapp-anad t-uha1re.ThisrIawbucIt+:id:::an rmrb-a updalad wihiha

new |:ama|.an::l 511:: I'I'IIl}'.'-EH Ihaclsltbnnlahla.

Exanufla Ni‘ llakflagflaa ainamaredffirmmwahia

Ind .u"hm'.-t
I 15

. 51':|:eI.lu1-2.2.15 1IIfl-E 1Im}e.:11nfig 1pldI.l|1.|:-u-at

rp1I'|:u.hnnt |:arI1I*I1e p-nrIfI1e.nrI-3

.. b-at-t.Ia:: 1naue.aut:u:unf.h 1naue.uersiun.h 1|:IIa:k.d.I:o-at

1IJ5t+fnIurr:| |:Ia.rITfI1e.Ia|:I

I up htsrfsrcfl 1rII1.I.I'aru:i1.-'s3r'.JI2I.I'tI1:-u:ut.-'1Iag-E .

I up .|'u5r.|'5r¢:.|'11m4:.I'$3r:5tIan.r|ap 3}'5t-El.I-fl[|-2.E.lE-

I an pimflle

.1asu=n2u5.n2m.u2n1,zn2,znsa.2:uah m:=.rm.rusm1 rmnitrd
I «if .

F11e51'5tan 1|:-|:I'|cH:ts llsad .1-ral'|u1h-1e llsfi Hwuntad an

.|'dEn'.I'I:la.5I1f1 fi'!?2'|} IE-E1} 15-13114 3-‘E Ibuut

I 511:: -II e'1IIm'da:.nIf

n-:v-Ipld-E-ulna set tn .n"dew"distIf

ErI:I1IIrI1I.'u'!uI+:a:I11'+;1.|r=511+:r1 III?



Testleuel Ts set tn III

IFL dmrlca ls: '.I'daI.I.-'-Iiisdf‘

tmu-tm:I:u-1-Is: '.F|1s:n1-t,Fl|:-l:a:|:-I.|1u:-s:-t'...u:u|»:...

huuuup 11. H21: t-:1: '.n"l:-uzoq:-t.Fh1:-u:ui.'.rup'...:I|»'....

Kernel Inge Is: ';'tH:u:rt.,I'1uue'...-nl...

nfigfnal I11I'=&lE!h!1‘|'TI¢ 1:: '.I'|3rEII2I"|'..|'|II3T'IT'1|-E'...»:|t...

f1na1 pInI1eterf1leii: '."I:tJ-um:-arIfi1Ia.|ap'...u-la...
11: El: nffset: I]II]-|]IEEa munt: Dc addms: D1:I2H]-|IH]l2IIlI[H]I

11: l.- nI'1’1.eI:.- [III]-DEN cuunt: E1} ad-dr-E15: flrflllflflcfllflfl

11: E: uff:-at: [III]-[Efi taunt: E1} addms: IZI1:IZrI]-IZtl3::IJII]1]I

T1: 3: nffset: IJID-I13?! qzuunt: 1: address: fl.r.EH]-l-Dcfllflfl

H: -I: nlfset: [H]-IJaI'f -:n:-unl: D2 adclnss: um]-lflflililfl

1:: 5: affset: u-um1 count: [:1 address: cuumuau-nu

flmtlup is In blunt nu: IJJLIZIIJ-EHIIEI-IIJE
I

T: I:CI'I'I|‘JHl flu prnnnaayvnu alwnuldadifllanawlbuut tn Mnlfatah fit!-fl'Ifl|.'I'II

uatr&I1E'y$tHn.mapwIbapi::++ad uphy Ir.lng:l.hut:.r:1u rm1.rI'I'arntiI:+$i:fq:I11's!nI

alapihafirdtina :.ruI.I'try yuunaw k:atnaI.‘ri:Iunat1+:1'aata smramlalamatahout

data lhln uuay, flnanaaaary.

 

IE5 LiIJIIJ1E-ll$'Ba1'eTI5lIil-EEl!d5uW}:l3PfiI.5F'E:lIflu1'1=5



_?J11JHlJl|lHl|lJ||1  
...1W”"“.:g{.f.Imu!=.=:'::;:. J-H‘-‘3','_'_I_IIIIIIIIIIII

Cloning Linux images

h+:tI:larI:rrLI1ahLr-gs:-nuni:~ar+:fLi1u:: |rnaga5+:n‘Ia'lul,1.ruu neadluhmralhcma

lrnngas in ma Iii para. There are tflamm ways to mm mm lrmgas, as

iiacusaenl in mi; chaq:-tar.

fiI1:&:|:I,.ITi9‘ItEI.I+:=u:IrIn3I:I-:11 Ill-9



10.1 Dyoryiow

Gino way oi oroolirlg Linux irnagaa is to irmil aooh inaoo flom oonuoh. as if you

iyoro gohgwflhmo ooi of ED-ofrorn ono ooryorto ihonoxt. il you runooigiiioont

nun1i:ioi o1 Liiux iriogoo. onol iho 'Ino.go:o oro yory oirnioi, you may want optiono

ihat will hat: you ayoifl ropooiiig Iho onlia hoiol prooooo ioroEiE'-|'I Linux image.

Proooduroo for this typo of ropoolooi inololhiion for ciiooroto ooryoro hoyo h-oon

oloyolopod ID!‘ 'rilomoi uao H1 many orgariizoiiona.

Clifton ihoao proizocluroo alo taiorotl to mooi lilo opo-tifio ro-quiromonia ofho

ooporiizalizxi. on iniiioiiiro ior oi ponorio opproaoh io tho iEiIi.I Upon Souroo proiod

“Linux Lltiity ior oiuolor Iioialanon" [LUI]. Tho aouroo ooolo ior Ihia piojool la

omoilolaio oi Iho doyo|opor'I'I'orka ‘Hob oio. Unfortunohoiy. during this rooidorioy

ixo did not iiayo limo Io ooo I LUI is oppiooiolo Io Linux ior 3.I':ii.'Eii2i oio wol. Somo

Luhux oiioulziuiona olioi Iiioir oym appioaoh ior ropaoloo iriotolo {o:uoii oo tho

"I'ioST ohonoito ii $u$E and iho ninicioiiotoriz ulity 'I1 Fiod Hot}-

Whon you im Liiux irnopoo on 'I.i'H. you hoiyo ociciiionol opiiona Wih ‘ifiil. you

oon oooiy oooooo iiio oiolio oiiho Li'IL|J{ inauoa oyori yihon tio Li'ILIJ{ inogo io

noi I'|.I‘ii"I||'i-Q. you man uaa ‘UM ulitioa Io oopy iha iioioa from ona irnaga oyorto

onoihor inago. anwzliion apply i|'iornoi:lioarIiono:thot oro rioooiooltouoothiooopy

in iha naxt Linux imago. Thio pioooao oi rnoiioinglio oopy and applying tho

nharigaa la oitan roiorrad to aa *oiorii1g;|‘ Lhux irmgaa

10.2 Inotoiling Linux images the oooy way

Th-o moot otraigiitionooroiyroy ioinotol Linux inoigoo ona ‘yin! oyotom ioto oroaio

iha ‘iilil uaor ID yiflh auiiioiant mini:Idoa,aI1dinatailIiia Linux from aorno

I:I'otrii;iLriion on ihooo mhioioloa lyou hoyo only o for Linux irnagoo on iho EIHEI

'Ii'iu.Ii oyotom. you oo-ui:l oimpiy ropool tho piooooo for ooioh oi‘ ihom. Thio prooooa

la wall dooumonlati in iha raclaoox i.EiH {éiaonror Linux iorzsa-niao and aoao:

Dioaioooiona. :?E2o-E234.

Howo-yon if you iiayo moio lion iuol afoul Lhux irnogoo, manuoiiy doiig Iho

oniiro 'I'I$la||EI1ii:Ifl oyororici oyoragai1 is totioua and iioflioiorit. on you may H31
El iooir oiioitouio. Booouoo iho $uSE I:iiolrii:Iution uaooa ILII-ooioon moriu-i:uooo4:i

iriatalor, it dooa riol iontl itoaoii yory wool to automoloo ropoalod iialola. Tho

Tuiholiiux ond Fiooi Hon‘. dioirlnuiion io ooioior to ouiomoio if you omo pionriirlpio

do oiirooh iioial for oaoh Linux imago.
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10.2.1 Providing taut access to the install medium

I‘ you I'|EDI'Ei2it'||j|'«Et nnall nurrltuarul Littlit inauas. you may wanttn El-D a trash

lruiallnt -EIE-d'I nt1ham.‘I'i:umdy aim tt|H't1[iIIdI2+I'Ii5 tntadimtianal or

ranrmatinzmi |:iIilI'|:Ifl.'3d-5. Flathariim gallhg all the: rpm peuzicagas via TCFHP iur

aa+:hi1stat|.1ruu Hr||1tlflDEIF|j|'I!Jf|'|'IB I50 irrlagaaan atargamiicidtaridhawa

the Linux huge use a FUD tnltin that wish.

Tim nnnrnands in E:an1pIa1n~1 ah-u+.I.r imwtu tlIl.‘Hl|'|H'IIEI I513 mass =:I ha

iratalaiinn CD5 ittu inzuurlia syrstarn Indium you dart I19 irwtalhtiun imwmn-

Wilt flu I543 images muuntad Ilwtris. you can p-nitt ‘i'hSTta the aiwatdlliudt

diactnry In Ind the hataliatinn material

E.|.'fl|'I|]:|1'lW'-I' A-Sumdfimififiirwuiaflwluupdniui

I rlidir .I'I|'|H-in

I :d .:"iI1s|'.aIi

I rltdlt‘ n:n:|1 +:n:|E +:n:|3

I mtlit -cl I4:-:Ip,m suse-us-5390-:dl.i5n cdl

I mint -:1 I+1dp.n:r suse-us-5'.’-Eliil-LdE.i5u ad?

I I't'.'I|.I1'.' -on lmp.ru:r suse-us-s3'.iI:I-n:d3.Isn:u -:d3

I +:d I

I _I.rast

‘Thu can a'nI|:Ii"_.r Iiapmcassavanturfltatby mpacitirghalflflitlagaatda

airy: large HIE lite I'.T'_I:'.ilHl'I'I i,‘il'mrat:u_.r aI.n:rI:i1g 1119 use of the lump dauicd duritg

die tmall}. Thlsway you can also add yaur mun panlmqasin the lrtstalallan

rrienium. or Lpgada mine at 1113 packages in ii.

Emnifia :I'd'-2 Chap}-ttiac-nrdsnisaddis i".EitZ|'ia11a_gpa-sin: aiiiasj-mam

I n:ILI1i'. .|'I:|-I!'I'.|'I:|l5.-IEI fr-t

I r.'d finstali

l'4.‘.t1I:!dl:ti11‘I2f- .|ta1':tpf- -I1 .I'n11:.I':a:d ..
Ir.'du::dE;I:ar4:f- .|1:a1':tpf--I2 .I'Ii11:.":,-:d..

I4:-:i ::d'.I : |:n1r-;f- . I tar :-cpf- --it ."I1t..".',42I:| ..

I £|1 .I"|!I-|:m|‘.."l|1nIt«I:|r.I:|.|i-I:rI]-L .

I 4:-III

I Llntmt {install

I mint .-'dE'r.I'dasdet {hunt

I in suieiiina.-5|:-s.I'tape1pi.1tr ilage

I in susefiugesfpanflie parlfiie

I in suteJ'1w:_1e1.n'iI1trd1nItrd

I slid —d .|'t2|-E'|'.|'t2|-lilil-E -1' inltrd

¢iItItIttir1I:i.£'-i+JIir;||JrI.Ii:|ITI:tI=§|rIa I11



The lastiawcnmrruarwlsh EI:arrp|a1fl-Ecraatahks hlhamutdimmuryuflm

nifl tn and: :11 ha a1arIar1ia=a flcamal, paralnatarilla and i1rIn:I irnarga: and a

+:np3.rn1'q:|a::I«:lhna1_ThasIlunnmrr:Irud malcaafl1adha+:han1:Ialafnr|m1slaJl:I1_

T1‘nstalLi1u:i1anaIrrus.ar|D_§.rnu cm iiktnlisbigdiaklrmlcnntahaiwa

Lllpfidifid flmaa IBEI inagaa and IH. 11. lnatalaliun from such a dial: isvarrfaai.

 
10.3 Building a quick start disk

Eliyr uulngilw 'l1h:|dIn" option 01 I11: 111:: nn:11rrIand.1mu can make adlalnuih a

kamal, pamlnatar Ila, an1:I|nflI‘d to he used as 111:. stamp sysiaun cur manna

system {to mid pumlfng kamal and Fhlnfldislz inaqanir. As wih than I'an::'|:Ia ‘I1

9.5, ‘l..|=5ing an alamata bu-nnru|LIna"nn page E1145, you naadtu nmmtflmzllfltln

bapmpaI*adnmhnntlnnrdarfnI‘:11ntnwntk.11'aui‘Iatama'u=I1fl1a -rnpflnn

ulsiln. '|‘l'|li£!1lE|I'|:1'|‘l'E_'.|'I:|LJt1:1:9»|:|I5I3ij'I'|E iritml inaga.

Emnmla 1'0-3 ihklgsiahmaks aqrdtflrslaalitfak

urn1Irum5:fl-n+:I: : mu -4: :"tIH.I':|a:H11I -r 1u1tr1.g:

D-a-lpldeulne set tn .Fde1-hlarsdh

IJI-«‘-'1‘ElI-IIISII set to In1t1'11.gI
Testleuel 1:. set tn El

IFL nlel.-IL: Is: '.n'n:|eI.I.n'-dasdh‘

hmtsectnr Is: '.I'I:rI:I-I1-t.j'l|1-I£c|v:II.I:n]-I:Il:'...|:I|v:...

hump is let to: '.n'bn::+t.I'h::nt.rnp'...n1:...

Hamel Image Is: ‘ft:-uutJ'1nange'...uI:.-.

nr1n;|1I1al |1ara|=:t-E1'f1le 15: '.I"|1u:-n-t.|'|:ta1'lf1|e'. . .u|:. ..

1’1ru1 p-|ra1aterf1le 15: '.I'tu1-nu'p-aIIfI1e.Iap'...n|:...

1I1Tt1a1 ralilslt 15: '1nItrd.uz'...nL..
11: I1: nffs-eI:: III-IJIIIE-d cuunt: EH: address: I:I.I:I:r[H:Iflfl[IIfl{lI

H: l: nlfset: [IIH]Il?a tI:IJl'Il: EH1 addruss: m:I:+[H:I{Ic[I[I{I

1:: 2'. uffset: IJIIJ-Elllfa I:-:I.IrIt: EH} address: |Z|.I»:l1i|J'|Zl|i|-::I2|I|2|12|I

11: 3'. ilffi-E12‘. |]I|]-|]IE'n'a cuunt: EH1 address: will-l1]I::|JI[H]I

11: I: nffsetr [III]-|'.|Ee1' cuunt: D1 ad-I1r-H5: IJ1:I2I1}I2+|ZEIflIIJ1]I

T1: 5: nI'1’seI:.- [I-I11v:1l{I- 1::-unt: |.'.|-I: ad-dr-E-1.5: :I1:I:r[I-E|{I:1[I{I1'.I

11: 6: nffi-at: I]II]1:1I-[I taunt: El} atldre-!.5: fl1:DI}EH]~.:flII1fl

I11 LiuIIJ1EH£'fla1'erI5IIIil-EEl!d5u'3H}:l53Pf4I.5F'5I:IIIin1'15



..[srIip].
11: E2: offset: {I-EIEEEIII so-unt: iifl address: osolo-:n:ooo

ii: 23: offset: Ili-Iiflelil oo-unt: 32 address: ii-Iii-liifieiilifl

E:-ootliep is in Iliost no: EIr.I2IIi-EIi'h'.'I:EeEr

‘Iiou eiiIsisonot'oe1hsi1i'ielisIofl:r|oi:hsi1fl1isoese'tsmiI:l1 iongerihmulwen no

H.fi.|'I.i+:ieiv: inege ie eoeoiieu:|.fl1.rou noereleentihefiizeridieeueesyiec

oonrneruzl, Iheoieis sen he Iiised from oiher user Ills Io quiddy he-ole eastern
Ierih FFAHEHE.

10.4 Copying disks instead of doing s full install

Wlii oirtoei meizhhes on i.FM,1.e:uu heme options oiiierliien slrn|:ulI,r rep-esthg ihe

eniire irieislietion prooess for eeoh ‘ensue. For esernpie. you son use lhs DEED

Demo end Heetore :[lI|IH] utliy shes a flu! iieielletien of Line: to oo1:-;.rih-e
oordems oi Ihe niielsies oi one eirtusl msizhhe to enolher set of mlnitlsise. This

is very plsotioei if you 1-rentto keep an I.‘-'l2|F|'_||' of irourerfre Liriu:-'. system when you

Eregoiegtosle eig1i“i::sntol'isng-ee eo3.vourLi1ui:e1istem.'|1'ieio’lieroop1.r sen be

slened |:e,r|hirhg1he rnI1i:l|ei:st1i'ie ooirenzt address -this is neeessenr heseirse

ihe kemel psremeters reierto the rrI'e1i:iiei«: sstiressi.

 
heiesd oi 5'I'I'i'|2I.':|TI'Ig between lFLs ofone oi flieseoopiee In me some oituei

rr'ieoh'I1e. you oen sisoieke ihe m|:r{rsr1I:l IPL it is snoiher1.r|rtuei meiohhs.

Horreoer. there are siew oompieslioris when you +:ioI1is. Foe exsrr|::ie.lhei1rro

oopies oi Lhus you getlis rrey ere oonqoieiely icienflsei, |rio|Lrdi1geng.r

oooiigureiion thmges clone by me hetslieiion program [e.o- IF scitlsoo. devise

sdskws. eioj.

Ciilon-ie.-1o.CioI'tru |Jrl.|iiH1'IE|fiE| I13



There‘-ere. "It ereer te use this eppteeeh let eaneratite new Litu:-: ineyee. yeu

need te fltd Ihaeeneet ueitt in the itatalelian praeesete eepythe -wists. ‘riau else

heed te utdesstshcl eihet eenlipuruien ehenges must be repeated terlhe new

irnege, end hear is de these changes.

111.-1.1 Copying dislts fer slening images

Many Inil teIyeu1i'I-‘I1 Lle'I'Ig DEIH isihe best way he eepy militiflte. While I is

ptehehhr the cheapest. Tshle ttt-1 shears that I is net always the tested way te

es the lee.

Taste re-r 4.Tepyitt1_gIe25fl-sy.ilItdeJ‘nataFsttsites1l'1eHE'IFee}-etei'h

IKE
TE

TEE
1
TE
 
The attentatiye eepy an EMS wesdene with a tittlapiielinathat is sttewn in

Exsrrple 104 {which are eeuld de beeause Iteelslt was prepared urlh

HESEFWE i:I-elere are rat Iluelfs epaitd it]- Because this est? lie system

happened te be filed -I:tl'I|j'1-:It‘?"|H'i: in this ease. there are sll a let at blades lila-d

I.utlhl:nhtery zeta. Theeehteel-tede netneedle heeepledlelheterget dlslt. The

seeerld Iun is eyen tester because MUG is efteritg e let ef held. DDH dees net

app-esrte l:I-ahati trern tull2H3.

Example hit-i i.ts.i'tgIt:'.t.t.5FtiI:Ie.fluI1eeteea;|:g|.t ti'te.m1-titledeta resen-edttitsit

PIPE

-I t.u:I:tJ-let! tuxfinstr J 3" Ftead free the tnput dlslt ‘l’

I sp-ss |'|I|.I'IJE.'T' l.1EI 1'1 1-* n .I'‘‘ [nsert trtesl: rlslher in rsr.'ertl *'.I'

| net: trertfy 1l-* J:I:rI] .I'* [trap 1-than Just ‘I:ItII't'. shsrs *.t
| ttlsup-zlste tuatll-sI:I Luttfiultlz-I] it 3" te errte thee Le tltslt *.t

PIPE

II:|t5I:i:IIlit rII.I'l.'rer J 1.2 1"‘ Read b-set recerd frel disk *1’

I Idtstthllt tt'T'i1.'.E It 1.2 l'‘' and Irtts ts target dlslt "'."

The question remeits es la heel mush yeu eeuld henettt Irern use ln. s reel-lie

siuetien when eienitg Lime: inages. end tuhether yeu sari spare the CPU

eyeles. llttlten the tile system is mere seaheted eyerlhe diets er nhenthe Ille

system eenlslhs mere dstethen the elhihary uetue et sets used it eurtest, then

the benefit at the EMS-based sepy wil seen disappear.
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1t1I.tt.:.‘ litetterntine the paint to new the distts

All current tietttlntttiette use at preee-es where treu heet Litu:-I Irittt e Heltdisttte

p-eputatethe tistts. and then beat Item titlt. Alter heating Item tiett. ELISE fur

enarnple runs 5-t.I5EI:tIIf1§ again and rettntles atl ttitd at ties [itatttthg the trays

ter SEH. tf jreu trwtalledthatt- Therefore. the rrteetptsetteet peitt at which let eeptr

the diets during he lnstel are-sees is just hetere this retaeattrern tistz.

Hate: Thls means we must keep this at-galnat "natal e-,rsten.w'rtI1eut heating it. I

yeuwanttedenentete irnagaatrem 'rt. flneeemryr.treueeI1t}etlJsdtitte‘t'aST

again and add mere passages i I_.re-u hatre ta. and sttteequenl eeples willthen

else have Iteee Itadsagee inataIad_

ttt.-t.3 Lesatitg the tiles ta be suetemized fer each alerted image

Fat each alerted Lhlttt Image, you new have ta sustamtze the Iltes that are

peepened duritg the list phase ef the itetel {Witt IF‘ address. hest nerrte. met

peeeteetd. etc}.

There Is nu easy recite terthis step; determhln-g which ttles needta he changed

tel depertd en the disttihtttien endthe peettsges itetetled. This step will |'|E|.'t't51Et

he dune fur each new retease at the dlstriatliun. attttuugh the dttferenees

between tune releases at the same distrlhuttan wit pmhahly he uer'_:.r smal_

't"en'eus taste in Line: ere streiehte te assist in deterrninitg nhieh ties te tzhenge.

I[Fere:taIttt1te. we tan a first -nttine tt -t:_trpe f sumrrtend. tthitzh sttuwed that

anltrtae autat H2? 11 Iltes it aur SuSE lnstallwere changed}- H you laattat the Eat

ettiles. treu se-ethere eteetse e ten tettlt ‘etd" end ‘belt’ in theirneurtee that treu

sen lmare tat dtle uraeese.

Fat each tlle Iaund by Ihls fin-:I eemmand. trau can use grq: to search tar Iltes

that eentein the IF‘ adtlese erheet name. as sttevm:

J -grep1iI2.1I5-tt.I:I.2 ‘find -nttes t} -type I"

We expected the dtangee fer a 5uSE tisutlnutian ta he nather trttrtat‘ heeause

5I5EI:a|1'tg takes many net‘ the e-ztrdi-gtialinrl parameters fI1:Im.'et4:'.t|1:.t::t::rtli-g. Alter

the reheat. Sttitseeftg reteriea ntefletite files that there identiied as tzhenged

durhg the itetalan'an_

' ThislI1'ttH:|t:IIttt:-t.te rrtrttte-:tuttt|Jttr.attedtt'-eneapetttedlte-::eLIse rrmttttittastbep-pertetrtetde Stttisurtttgttcterterlttie.

.tet=mtte.tu1n.11tepreamt:.rtited|nfl'tei;i:'Iit§|seeflt:t'te salt hentleel theaecttert-matteww. eetthereisleee

reeeeI1tedepend:It5t.EEeut'tItg;|IJreutrte+Jltttevttn'tr.
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Wheltfltedened inlegelleeetlteeelnetypeetrletwerkintellaeeendtthe eenne

IZIME and gateway. yen de net have Ieehenge lheee whenelering an image. me

when you select a Lntqua-aneugh hufineine and IF‘ address Iar lite list halall,

yeumarhem|etejtmueeafeHHdeemnHElaeeehemhEmmle11}-5-

l:'.Iea.I':1,e1'e It}-5 L|t::da-t:eh‘Iern.e4Jr:I'?g'n't#aIFaddraresandhe.eaIta:rrIe

tat .|'IrIt.I'EtE.|'1‘E-ifllfilg ‘I.

| sad s.~'le2.|ee.e.ef19a.1ee.e.I! t
I eed e.I'|:u:fnne’cr;"t.I.IJI:fiI2|'|}|2|I.E.n' e .u"r'I:-etJr«I:.eI:I1f1g

up ;"reeI:.n're.r:enf1g .I'n1tJ'et:J'rr:.eenf1g

Te change the hilial met paeelnerd, yen ean clruet mine the e;.reearn he he

ptepeted and inrelee the peasant eemrnend. {Fer E'«u3E. l'tenIe1rer.I1i:e is

eemeementaeheeeheeiufllprennatteranewpaaenerdamrnayalfltefimt

naheeL]

Using ellfl te find the ehengee
‘flau ean alaelalte a mere ‘hnlte tame’ ap1:n'ead1 te tdentthntng the dilereneee

between elened lrnegee by uahnflte d1ff¢€ItT'IIIEIII:|.1'I'Iellff nenrnancl

eemneree tn'e files and ietetheeiffeteneee hetnreen the filee.

FeIIt1taa|1|aIea+:l1,_-.rau [:1-aifntmEI1h:|eItlleeI|h‘|st:aI:ae-eeflzlmtafltaha-ekenthla

:H‘feeent L'IIua-: hagea. Heep these iletelelhlte lhe eame Ferlhe eerlliguelien

name that all he the ante fer all yreurelenerd inagee {e.g. the Ell‘-I5 ea tternaln

namat. and Ihan eleflmnalaly lnlreeluee aellttaranee terthe name that muat he

mletennizedlut eedt elaneel "mange {e.g. IF acleieee en-2| hedneme}.

Aflereenuatellngtrre inetalatlen up tehe pelnt nhere the first heat [rem dish is

naqu|ra+:|,I1h heth Ila ayralam.-e h a ahgla Lhnnt huge {the ateanqelaa hana mew

this rurritg wilt a H.fi.h-Iuieh e1.retern became I:hat'een easier way he eerligure

the DASH etlvett.

E.|ti1|'i'l:'.'|t'It|' irtr-er Aecuxnenagmenenffleeyewneeaeeeemperea

I 1I15lI:I-d deed I1l5I:|'1;‘|Il}.1iI'|}.1iI1.1|:r|}.1|:I1.l}t'.I:|

llatny ."ltIJ."Iedu1ee.n'2.2.1E«.|'h1eelu:.I'daed.e

I ed .I"l‘l1t
I Iltdtr :1 I1-

! I'I:llI1t ;'da1'.n'u:las-ulal a -r~

# mutt :'-:te1r.I'-zlaedcl afler -r'

I natltt .-'det.I'daeddI I:- -r

I mutt .n'::t|:1r.I'::taedel |:u."Ier -r'
I df

FHE5'_l'5|.'.EI 1t-meets. Llsed .fl.-raltahle their Haunted en

htavtraue eeeet 223:‘: 3524 see!

.|'dE'I'.I'I:la5:IJ1 lifvl-1]vE ueea IL't]1fi-[I 23$ .I"lI1LI"1

.I'Ite'-'1'-ztaetl-=1 1-$153-t-E eeeeee salsa: 52$ fmt.-'a;"LIar

11E LiIJm1EHu:nj.'eta1'erIfiIetieeeIrd5~l3ElJ:IEIPth5F'5dI:ttm'te



.I'Ite-r.I'I:teet|:l1. eefite -I-tttfifl :tItI-fie eeefmtrh

reetraasaat 1415343 eeteee eetete 521 rmtrhrusr

The tregrruei it E:-[ample tfl-E arlmwa heel to Insert the [MED drteer and meunt

the tie eyatama mdertita raettlla a1.ratam_ Beceuaa hath itatale ware done an a

rent file eyeterrt erith twe tielte. el heee diette ere heettecl here.

UnteI1trretel1.r,I1aa=a tle eyatenta eantaln aheelute path nemaa tn. the ag.n'rl:mIie

lithe. ee you can net eitqaly rm diff eeeitet trethfle treee. Instead. etlenge t:he

elneelute path nerhee in the eyrntbelte like to relative -enee {there are 39 et these

In a"deIau|I' itatall at Su5E]-. ttau ean idarfly he pmhlerna -artlh he fellaeritg
l'.!|2|lTIl'|EI'|'2IS'.

tr f'Ire:| —|:].'p-EI|.I!«1r"-IEH -1 fl|cut-I155-|grap "[** ]+ -:- 3"

.It.ttemeti1rel].r. it }TI£H.I +:Ien‘t Ierutt to ehmge the e5.rntIe|i:= lintte it flteile etretem. '_||'|L|L|

een tlrat run alien egahat aaatt tle In truth ttle eratetna {teeemputa eettedtartm

fer eeeh tie}. and Iten nee ltff en the filee fleet have -itferentdterltetirta-

Ellaarietlely. eernp-utitgtheeheetteun tereaeh lite wiit eliaulie net a mean

pteeeaa, but en the aenttgnrattun we uaed, tt reampleteezl in tune mtnutea far a

'de|euI irIete|l' et 5u$E. ‘feu need he the this enee I-'.lLl'i"I!;l1|'1IEI preperelter-.

The eeenerie in E1-remple1t2t-? E|'tl2I'l'l“E ere ueeflte clruut eemrnelrezl leetere

runnitg diff. Witt aht-eat. treu rm ertethereamrrtehd {the ahel. ht1'ri5a.aee}ertIh

the ape-sited dlranteqreaflte met attite Ila ayatent. The ahaatute 3t_.rt'r'H‘IIt'5 it the

file efetent rreer rnetehthe ile eyetem. The exit eemrrtend terrnhetteethe ehel

end raturha bed: he the eerltiguretien leeterelhe alu-eet eemrnentzl.

Exempte rt?-I’ tlaeqettttwythacheateterthraenitttettfltefltteetreren

l 411‘

Fttearaten 1|:-htealta tlaed It-rettatt-te their Haunted en

.":tr.-1'.-‘ran! zeeet met me flee!
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htetfdestlel 1415-ttefl E-92296 GE-[HE SE3 fmtfeitnr

reeeraasaal aeaze uaee ztfl-E5 eee rmm.
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BEIEHIJSIB find did not alluayra rellm lheiiee in me same ercler. 'rt11'a.ar1er.':aeeanr

te eert I1e llel en flle ne111e.11'1'e e:1LI1:| |1a1.1e1:Iene Ihe eertle1.r |:1i:Ii1g fl1e eulpll ef

1111r-:11 lr1te It, h11Itl1eternpn1*er11 fllee mated I111 e-111-I: -eeueed a I111 111' nelee ‘I1 he

DI.l!Jl.lt.

Uei1gtI1e1iee 11i1l11:l'1e1:l-:eu111eereale1:|intl1e |:11e1.r'1eue Hana. we aanne1I.ri1:Ientif1r

1i1e flee hm ere 1:i|'1'ere11Il:u_1r L1ei1g diff le eermare lheee t111e1|le11, ee fellewe.

d11’1' -u E.1"51.I'|'!-I]1r‘I hfeuleeert |gr-e|1- ""I.- |1:u1: -t13E- ‘I.
| a.I'us1'.I'|1111.I'g11|t '1|:1r*111t ‘-diff -11 e'1iIZI" I1-‘$131 ' 1.
| grep .1’ |,."|:1In,.'.*.I'1

 
#1. |:u:1nie11 1:1f1he1:11l1.'1-utel mnni1g Hff egelrnt lheee pelreeufiiee I11 11l'1e11I11 i1

E1e111'q1Ie 1r.'I-3. 1'|‘1ep11:-:11 eeI11n1ar11:IeeI1 1el1ee1|IeI|keIHeeefleIrq11t.Ieq:1pI1r

the el1eI1gaa1e mafia: i1 fl1e1iae'11'etarr1af aelenad Lir1u11irr1a«;,1a.

E.aI.r11p1|a I'D’-E F1a;1111a1'1teH1‘1ae11I!1:11IaI1fl'Fae111:1.e.ri1gE1‘1aIilaa

-—— a1'et:1'r1:.-=1n11'I§1 Hal Jul 25 Ha:-1221151 20:11

H+ I21-.1"E|!1'1.1"I"«1:.1:tt11|1'FII] Heal Jul 25 1]-B:-13:21 20:11

H 432,? +l12.'1' W

l
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-IP.|1[l:II7c_I1=‘l‘JE.1-£111.11-.31."

+IP1'I[IIIFt_I2I-'l*.1'E.1-Iifl.{|-.51‘

IF-'I|IJFt_l-"

IP1|1[I.'JFt_i*I"'

IP.!1[|DFt_3="'

Te nee a preeeee llteihie ler1:1ue1en1lzI1g r:ler1ed |rnagee,1reu have he generate

111a preparmediiad 1reIa'1I:H1 efI1'1e euipui a11dfae1:I itte11'1e|1|t-:i11:1uIr|11a111=:l-.Mtar

cleaning L|2I l'.l1ea1.t|:ILie1 diff by l1a11I:| end 11en1e1ri1gfl'1epatel1ee ta lieethal 11'iI

lee repleeed l:1{1r 5I5EEflI'H[ eI'rg.rI.I.re{1r, e1:lr|'HIe 1:11‘ I21|'II_1|' B3 lhee rerrnehed, upchilrug

B d'rlfara1|;fi|ae i1 ihraayrelaln.

I1I'1e1:I‘I‘11Ie.1I1ara|:la1:e1:|thi1gaII11e1r1e I1r.1e1 nan1aan1:|lF adzireae |:1=_1ret1'i1ga

fl111t1111ee11eg,1t11i1:le11tr|'1,r{|l1:e :hee11'1e111e:‘,|,e11d11e|r11|1|e:11::’q1t1-11111 eieareed

eelrlnenuzle can 11a11I preduea 111a pat1::I1fi|a.
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achn -rm Imstnue IP-«m:Idru.s -gal!-n-a_I.I-userfd qnteuuu--Ip mmagr-I1I:u'
Exit

f1

cat 5|er|-Erlc.dIff ‘I.

I Had '54’.-l1mt|1ue:fl1.f ‘ 1;
sad 'sf::1an&lp-:,I'i1".F ' 1..

1-ed 'sj':gntan_5I111:!$3! ‘ '5.

sad 'sj':gaLata_5I1p:,I'$II,F ' 1..

I send "sf:gatu-mtn:fl53" R

Fl;Ln1IH lluairataa haw I1: firm and Hound hstall mac-umpaml mm Hff.

Tha mm is Ihan Ir:I1ai::m1ad htna qanarin: palnh. 111a sliall snrizrl in

Exanqala 1|!)-1craahH a qlaciir: patch all uflha garmiu palm. This qnacflic

pcafll huaadaaflrarpmrurmapmulipmgam.
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Figure Id-T b'.ah_g eifiamzt petal: an eantilgure the eta-te-dilttegee

1tZI.4.4 Ftedueing the number at changes required

E'.:arefu|t',r eteeign ing 1_.rn::-urtrirtuel eenrer erehieetttre een eignitieenlljr reduce the

number at ehangee te be made te each elened inage. It treu hatrea number at

aitterent ctaeaee at unue imagee, then it may be eeeler ta have are eeparate

master image fer eadt bale-ger'_r. Thia 1.-illreeult in fewer changes he be made it: a

elened image—whi::h ie net eeltr eeeier ta manage. but elea e.t-'.t'r*r:Ih'a't’ it 1-eu want

ta ehere diet-. epaee amahg Lin uh: inagae.

hI'|en'_.I ueaeful reeutte can be realized threugdt pr-:-per design at 'e'h'I ueer |Ete let the

Littttt images. It yeu keep the dlttereneee In the GP direeteryr and the PFICIFILE

EtI'.EI:.'_ tree can am:-la ehangea ta lhe claned images. This means, rereearrgte,

that you keep the eame deeiee addrem tar your 1.-irtttal i'.3Tt‘.2e en each Lit'ttt.'Ii

image. eaten ttteugh Itetr be-nneetta adittereht eddreee I:Ii1'§t'tJUt'|Ii|'TIJE||'IlJ|ZI at tttut

TI3F't'|F' eteei-:_ Thie hey the entry in -“et:':."It'tn:uI:|u|ea.ee-ttf can be the eame lnrea-.':h

Image.

rt. eignifieant elmplttieatlan erauld be it the elaned ittagee -eautd t't't-I-tJ"iEt use at

Dj'f'fl|"I'|tE Heel ilenliguralien Preteeel IjDHCF'_‘,I i'Iete.aI::| at having; hat-Izleedeel IF‘

aetcheeeee in the eentiguretien tilee. Heruetrer. DI-IBF reqtjree an Ethernet er

Tatten Ftitg 'I1teriaee.ea it da-een’t wartt with painHa-paint eanneetiane litre lU{2t.I'
and CT-E interlaeee.
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