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Sectlon V -- Dqta Gatherim

VIS Uaaqe hta -- IDNITISR

Ibta gatncrfug rrrt be a nJor actlvlty for the per-
for-nce anlyst. to nnnge perfomnce' the amlyat
nrat hrpn *rat each appllcatlon la doL4, t$en lt Ls
doing Lt, and bor rrch resource ut ge la occurrlrg.

l{)ttlfi}R ls helpful for gettlng snapatrota of total
syster behrvior, but has llritatLona beyord tnat
FrrPos€.

\. It 1g a anapatnt. Acqulrlaq dcts oner large tire
sprnr ard ertractlq lnfonatlon frc the renlt
la tedioua.

Be certaln of t$e repreaentatlvenees of tny
lnlfrcR data before rctlng on Lt.

llot terrlbly helpful for learnlng about lrdivldusl
uger betrrvlor ard rct helpful for revlening uatge
by prograr.

InIIIOR PAGT

Itrls dtsplay stlofl thit various ltatlttlcs coacernlng
the actlvlty of the rery lanrgerent ayatel' Rerer-
ber that trrc adjustrents to the values displayed nst
b€ sde to Hke tls cqarable rtlth th€ deslrcd
rralucs discussed ln the gectloa on tunirgt

-the rates reported by IOIIIT0B Er€ a rate per clock
secord. ltre atatlgtic discusged ln thle ranutl ig
the rate per @ll gecord. ?o comrert' the rate
reportcd by l$flG npt be illvtded by one rlnus
the perceatage of t1- th€ syatel ng idle durtqt

p€dd the ltrIlIIfr dlsplay tg hg€d on.

=lhe rateg reported by tOlIT0f hcLude faultr due
to l-nge actlvatlon, r*rldt nrst be ercluded to get
a -ardrqful. plcture of actual vlrtud EDrt
trangactlonr.
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lhe statistlcs:

Page Fault Rate

lhig ig the total nurber of page faultg fr
all rrcrklng setg - the ann of hard faultg
plus soft faults. Sl.nce' under mt:ral cirqr
strncea, there Ere vetY fen herd faults rela-
tive to the rnuber of soft faults' thla value
can be used as tle soft fault rate.

Page Read Rater Page lH.te Bate

lhege valueg rcflect tbe total nuber of pagea
transferred fror or to dlsk ae a regult of
hard faults (read) or $.aPp€r rltea of rodl-
fled page Llet Pages (xrite). lhe ra-lio of
these values to tne correspordlng - PG I/O
Ratee lrdlcate t}te page clusterlrxj level
achieved by the remry aYatel.

Clustering on the rrlte slda ghould epproadr
the value set for lPlf-IglCUrSlEB for the lelfr'
ter. Ievels considerably belor thla irdlcate
one of three Problerar

-?he page flle ls too snall, atd besause
there terdg to be little free space ln lt'
s.apper Ls unable to find large contlguoua
free areas rlthln lt.

-lhe page fl1e its€If ls fragrrented.

-There la algnlficant npped sectl.on flLe
actlvitY.

Clusterlng on tlre read glde ls celdq very
high - usually about 5 to 15 PEges Per I/O.
Values significantly ,higher than thl.s rly
indicate:

-tlbst read I/O'E are trage actlvation I/O's
for large irageo (*pre 9od cluaterlng 1o
often actuievedl.

-(If ttn hard fault rate Lg high) a large'
poorly organlzed, Lngc 1r fludrlng ltsel'f
ln and out of remry because tlre elur
terirg procedure 1g bringing rany unneeded

Copyrlght RMCo,Inc, 1986 lhpllcatloa 1n any nrurer prohlbtted-
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pagea lnto rery.
-A prograr la ustqg a huge arcunt of vlr-
tual reDry ln a very non-local fagfrion.
lhis fu a very serlour probler' at p€r-
fonance for aII rcftnre rlll be hlrre{.
Itrls can be further dlagnosed by lmklng
fc s partlcular ptrocels fncurrfuE a bigh
hard fault rate.

Page Read I/O Rate

llrls ls the hard fault rate. j-l**o

Page llrite I/O Rate

ItrLs ls the rate at *ttch the srapper ls doiry
I,l0's to rrlte pagea frol the lbdifled Page
Llgt to the page flle(g) and rapped aeetlon
fileg. A hlgh value () .S/sec (7W17851820O);
proportionate valueg for other CPll's) i.rdl-
categ elther lFtl-HILIItIl ta too arall' or
(rcre cmrrly) sce appllcatlon ls elther
uslng Exlry badly, or rapped sectlon flleg
are i,n use.

Free Ltst / llodtfled Ltst / Demrd ?'ero I Global
Valld Fault Bate

Rates of varlous types of faults. tlote thre
there ls ddrhle counting anng the categorlea
(e9., a gIobal page rty be fourd ln the free
1lst) so the aut of the nulbers ls not
rcaningful.

Systel Fault Rate

See the tunirtg section for a digcusglon of ttre
significance of tblg rtati.rtlc.

tmltoB Io

A useful collectlon of statlgtlcr gh'orlng I/O rater
anal the tlportant Ercry ayatel rates ln th€ 888
diaplay.
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I)lrect I/O Rate

IXrect I/O's are I/O's to dlgk ard tape de-
vices. lyplcally they represent mn 1 data
transfer TIQ'r, but sc functioning corardg
for apecial eguipeent (Silll control tranr
ferr, terriml port raintanence cnads'
etc.) are alao cqrnted ag IIIO'8.

In mgt sltuations, thls value, plua the I/O'g
fru the rury ranagelent ayster (Page read
ad rlte TIQ'I'- *apptng ll0'al 1g the total
disk access rate for the ayater.

hrffered I/O Rate

hffered I/O's are terrtnal ItO'a, rallbor
I,IQ's ard llisk A@ control functions (flle
syster trangactions such as crelteg' deleteg'
opena, etc. ). t?tls statlgtlc ls rnt terribly
useful to gauge terrinal I/O actlvity levels,
as th€ nurber of bytea trangfered uat also be
knoxt to properly tntcrpret thig value.

llailbor I/O Rate

fhe only reaonree congur€d by hilbox IIO'a Ls
CRI tire. Intenslve lnterprocegs corunj.cl-
tioo by leans of rallbor TIO'I la a very
nsteful technigue, but can only be fixed b''
changing the offerding aoftrare. fltat soft-
rare rill atrcr up as yery CPil tntengive.

Ioglcal Iare franglation Rate

An actlvity t*dctt only consures CRt tire
softxare *rich doce ereessive translationa
rdll gtsr up es an ereessive ua€r of CPU tir€.

Ittnd* turn / FLte Open Rate

S€e llltllfi, FCP.

---llotes--
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Insnp Eate

See tJre dlacugelon on tuning Proc€dure.

---lbtes

}ilTllR IOG

A s,rrr*ry of tlre actlvlty of tlte loct rsnager. ttrls
actlvity representa a very aignlflccnt use of CPU tlre
ard ghould be dnl.rized. lihch of lt ts gencrated W
the IQP, ard ean only be controlled by reducing flle
aystel traneactiou. EG algo uses the loct lsnager
for shared fites; gee Sectlon fV for a dlscusslon of
better approachea to handle shared fileg.

If any other goftnare is nkl.ng algnificant usage
the lock ranager' the solution ls to re-design
softrare utllizitg better procedurer.

Itre aul of the first 3 llneg of the display 1g the
total activity. the balance of the diaplay is uaed to
debug speciflc appllcatlon problela rith the lock
Enager.

t{NrlOR TXOCf,

Itris dlsplay shons lron lock requests are rcvfuig Ln 3
IIAX cluster. Because comnl.cation nlthin the cluster
1g an erpensive process, th€ goal ls to (after rint-
rizlng the nurhr of lock requeata ln general) to
rinld.ze the nurber that are hardled rerotely.

Itrlg ls done by raklnq sure each dlsk la uaed prLnr-
ily by one CPU only' that flles are tpt opened on !
drared basis by procesaes on nltlple @ll'8, and that
rn appllcations uae the loek nnager lntenslvely on an
lntercpu baair.

Itre l,Slll(n SCS diaplay can be ueed ln conJurrction
r{ith the tf,OCf dlaplay to deterrlne $ich cluster
rerber ls origlnating the lncuing loct requerts or
rlrich 1r nnagiog ttre resource for t{lldl outgolng loct
requeata are betrg orlginated on thlg tysJ€r.

of
th€
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ltilItoR IlIsf,

ttrls dlsplay shofls the nurber of IIA' s per dlgt drlve.
?trese nr$er rhould be ccpared to tbe ualuea tholt ln
the table of diak drives ln Sectloa III to deterrlne lf
there is any level of contention. (lhere values tD-
clude r€Dry ranag*nt I/O acttvity.)

If the valueg reported approach or elceed the average
rrilrts, there ia a contention probler r*dch ny reed
to be addressed. (fhe severity of th€ ctntatlon
probler can be assessed by a l0lltfi DISK/IIE*=QI E to
detenlne the nurber of requests typlcally naitlng to
be proceaaed.)

In a cluater r*rere rultiPle C!{Ig are accesslng a glven
diak the rates fror all tf,re lnrrolved CPU'g need to be
sured. I,slIfOR xlll ilo this ff preeented nith appro-
priate recording filea fror eadt CPll.

}DT{IIOR FCP

lhia display a,,nrlzes the actlvlty of tie XQP.

FCP CalI trtc

?tre total rate of flle syster transactlont'
legs $lndoi turna. Htgh ratea rd.II b€ accor-
panid by hlgh @ll urage (see belot). Ihe
only eolution to an ercesslve actlvlty level
ig to fir the offerding application softrsre.

AllocatLon / Create / Fl1e Inokup / FiIe Open Bate

lhe mrlous typea of functlons.

Disk Read / Diek tHte Rate

lhe ]evel of actual I/O activlty due to flle
ayater tnnsactions. If large, adJustlrtg A@
cadre glzes tay reduce the level' but be very
cautlous ln doitg so. Iarge'Ieuelg rre gelF .

erally due to ercesalve call ratec and tFe
beat addresged through lryroveents ln appli-

Copyrlght BAXO,Inc. 1986 Dupltcatlon ln any Dnner prohtblted.
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cation goftnare.

Volum lock thit Rate

lhis rill go up as IQP actLvlty lncreaees ard
go dorur aa lt decreaaes. lhe rtalue 1g an
indlcation of tnr frequently a flle eyater
trangactlon rlst be delayed because a pre-
vlously initlated transactLon 1g i.n pt"o!tre8s.

@U llch Bate

Thls 1g the percentage of the CPll dltdt ls
beiag used to perforr XQP functions.

Itrig nalue does not lnclrde the coat of
cluster connicntlon lf the functlons irwolve
a disk not "osred' by the CRI perfotring the
function.

PlIe Syster Page Fault Rate

If the ACP cache slzes are Lncreased, and thla
value increageg rrcticeably, aod there ls not c
very large arcunt of excege r€rory ln th€
ryster (the sizr of tJte Free Llst le generally
near ETEIJH) the cache alzc increase should
probably be reverged, aa lt ray be savlqt
dlrect Tlg's at tlte erpense of hard faults
(*rich require rore reeourees).

llfudon lurn Rate

See Section fV for a def{nrtion.

Erceaglve mluea () .5O on a 780l785l8?o0l
lrdlcate a dlsk fragrentatlon probler. A dlsk
re-organization should be perfoned, ald ap-
pli.cation aoftnare shotrlil be rodlfled to per
fon conttltuqrs beat try f1le allocattoar.

hage Rate

Erase operatLonc are perfoncd etther rdreo
flle rpace ia allocated on a volure dtlt f,igtF
rater lbrilng turned onr or *ten a
IEIEIE/ERASB function 1s perfot:red.

-----Hoter----
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If thls value ls lptFzero, ard appllcatlons
don't norully ilo IEIETE/ERLSE or f1les are
rnt rarhed for erase on deletg' looh for s
nolrne lfiich has highrater rarklrg oo. l?rls
is an erpensl.ve operatl.on -- erase oD del.ete
ghoultl not be done snless eecurity considera-
tiong require tt.

rnilrloR Erra_sYslEl_cAcllE

?his dlsplays the Perfonance of the A@ caches - hon
frequently data needed by the XQP ls fdld ln a cache,
thus obiating the need for an I/O to fetch the data
(but posglble resultlng tn a hard fault I/O' anpray).

Nalvely, one rould rlgh to get as hlgh a percentage of
cache hits aa poaalble' but the mre aatute analyata
ls to thint of the nurber ot I,l0' s dtich regult. lttig
is done by taklrq the attelpt rate ard ntltlplying lt
by one rlrnrs the hit rate. tttug, lf the Dlrectory
Ibta cache ls actrievi4 only a 5G hit rate' but th€
atteryt rate ls .I, the I/O rate for directory data la
only .04 p€r secord -- one I/O e\t€ry 25 eecorda.
Ibvoting rcre !€nry to this caehe nqtld not be a good
investrent -- 1n fact, taklng lt graller rpuld se€r to
be irdicated.

isrrrcR s
?fi1s displays tlre level of lnter cluster cntnlcatlon
activity. to raririze perfornnce, the obJectlve la
to rinirlze t}re corunlcatLon betneen CPlls 1n the
cluster. ?h€ statisticg of lnteregt in thls regard
are:

ITEFil-SEID / ITEFil-8ECSN'E

ttre rate at r*dch teaaages are sent or rF
ceived to inttiate lock tarnger requeata or
l6CP tllak data tranrfera.

Itre obJectlve Ls to rlni.rlze thtr activlty
tJrls display serves ts tn alert to ltg occur-
ance ard a detenlnatlon of dtldt CFll'8 tre
lnuolvd.
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IIETREQUESI-DAIA / IlEl=SEID-mlA

A Erslre of the rate of rerote acce8a
gueata for I/O'e fror locelLy sented
diskg. thls actlvity nst be riddzed.

IlEl=tB_lnP

A reasure of the nolure of data exchanged
as)nE the clucter. this is not very signifl-
cant, as the overtrcad due to cluster actlvlty
1g proportlonal to nuber of cnrdcations,
not their glze. ltonever, Hhen thia statigtic
is srned acroas CHI'8, lt reveals the total
traffLc rate on the CI ard to the HSC'g.

loilrm8 ilxrE

Great aignl"flcance is usually given to thLg display,
but ln reality, 1t offers litt1e lnsight lnto ayster
behavior (except to gurarlze ldle tt€).

Interrupt Stach

Proportlon of CPtl tlre rpent "on the lnternrpt
gtack" - e.9., regpording to lnternrpts.
Thla value typlcally reprerents 5O to 75t of
th€ overhead on the ayater (e.9. ' @t ti-E
coagrned, tut not charged to any procesa). It
le cauged pri.rarlly by terrinal TlO, IEdEI
aetivlty, ard clurter acttvlty. (lhia value
urderctates the total overhead becauee mt all
the uncharged actlvity la apent on the lnter
nrpt stacki son oecura in fernal de. )

Kernel ilode

tlr apent perfoning rcat tygtc Eenlce,
andr a8 lodr nnager requeetl.' I,IO set uP
logical nare translatlon' Erry nnag*nt
activlty, i"nge sctiuation' Prctceas creatlon'
etc. If appllcatlong rrgt perforr a large
volure of I/O, thlg value dll be large; tf
ttE applicatlons are prirar{Iy cqrutational
(ard tECllEl, cluster ard terrinal I/O activlty

Copyright RAICO,Inc. 1985 lhrpllcatlon ln any lanner prohlblted.
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are lon, tlre rmry ranagerent rystel ls xell
aet up, there 1g not elcesgiva f-age actlve-
tion or process creation, etc.) thls value
rill b€ 1411.

there are rp valueg rdrich are 'too 1o$" or
"too hlgb" -- the value ig entlrely due to th€
type of actlvity on the ayater. On nay ryr
tere thia corponent of acttvlty i.s largely due
to the reeource conaurption of the lock lana-
ger ard/or ercessive hard faultiry, of,ten due
to proceer trlrlng.

---llote!b-

Erecutiue lbde

Itre prirry uaer of erec-utl.ve rode ls
(ercludi.ng the tir€ it usea to perforr
actual I/O to a devlce).

Supenrisor llode

The prirary user of superviaor rcde ie IEL,
tnough sole appllcatlon sof ttrre (e.9. 

'Oracle) does uge i.t. Absent an appllcatlon
like Oracle, valuea of thlc activity erceedlng
2t lrdlcate heavy E activlty tdticft should bG

ldentifled ard the functlonality replaced by
rnn-lnterpretlve code. (ff th€ anpenrlaor
rcde activity ls 2t, one can be aure thst the
EL routi.ne ig rlgo cauafug high Levela of
kernel aode tire due to irage Ectivations ard
erecutlve rcde ti.re due to RIG uecAe.)

User llode

T1re spent executirg user lngtnctlons.
Agaln, there 1g no aignlflcance lf thls value
is large or sralL - lt rters frq the type of
sycter activity.

Oorpatibility hde

ItF speot ln c'cpatiHllty rcde. Softnare
ltdch erecutea ln thia rcde ls often lneffi-
cl.ent, hrt ttrls ls due to a por usage of \IllS
facLlltles aa opgooed to capatlblllty rcde
itself betug lneffi.clent.

RIG
the
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Idle Tire

tlrc spent ln the HILL pnocess - avallable
CPU tin.

toilurts stAtEs

Ihis ls'prirarlly a diagnostic display and has Uttle
perfonance analyei.s appllcatl.on other than to guage
the length of the queue of procesaes rnlting for the
@U ln heavlly loaded syaterr.

INHITOR rcOL

Used to guage levels of mnpaged pool regulrerents
see th€ tuning sectlon. (fhe SHOII ilEfRY caurd
produces a nrch rcre useable report in this regard. )

Accounti-m File Subsvrter

lilfii lncludes a pdterful rcnitorlng tool ln additlon to
lQlffOR. The accountlng subsyst€r collects data about
resource conaurptlon detalled by the entlty -- uEer,
prograu, queue, terainal port, etc. t*tlch cauaed the
consrrption. Unlile l0lr!m' $te data collected is by
rx' reans a snapahot -- tt ls the coqlete record of
systec activity. ?hat coryletereag takes lt guitable
for accountirq purpoaea, ht aIEo rakeg it a porerful
analyttcal tml.

lhis ls the rost trportant type of data, aa $ithout
knofling r*p or *tat ig responsible for elceseive re-
source conarrrptlon, there 1a nothlng otE ctn do to
renedy the problel.

?he probler rdth thls data source 1r to be able to
flexlbly analyze the ratlrer large use of dats on€
erdg up collecting. fhie 1g ccpllcated by the utF
ugual. nature of the data -- rather than betng a aerles
of alngle potnt obrewattons lt ls a aet of data about
orerlapping ard htghly sariable tlre rpans. ltbreover'
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there rre unu$rsI relatlonghlpa arcrg the lrdlvldual
obaetxrationr by vl.rtue of the t/l{S aub-procesa faclll.-
ty. ll'o general Frrpose tm1 ig equipped to lnterpret
data of this kird for analytic purposes.

--ll6te!*

1lllS Usaqe lhta -- Other loolg

Any other deta gathering tool nrgt be choaan ard used
rrith car!. Avoid any that use GEIJPI to scan the
aysten frequently. One can collect ndt data on rftat
VtlS la doing -- nrch of lt ls 'to tdlat' data; hrurtng
it senres Do purpose other tlran satisfyirq acaderic
curiosity. Sce data gatherlrq tool dran tnappro-
priate conclusi.ona:

"free Hry"

"tI/O bugy"

Regpons€ lbc lleagurenent

tlay be uaeful to knor based on Eaaure[ent tools
rather than heargay or infonal obsenratlonl

- identifles tfu€s nhere problers erlat (ie., ovar-
Ioads)

- deternines capliance ldth cervlee de.livery levels
if they have been aet

The problel ls detenlnlng *rat to leagtrre, as any
partlcular test xill vary differently acroat dlfferent
loads frm aruther tegt across the anro Ioads. A test
rechanLsa rust be chosen drlch carefully elulates (or
ig) the actual application for *tich responae tlre ls
critlcal.

Responae tlre ls corposed of:

lletrrcrk delay
l,baaurlng thi.g 1g not a VAI perforrance issue
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@{l End I/O proceaatng tlre
Any tasl, takeg sore CRI tlre atd, poralbly,
I/O. Even on a totally eupty syater there 1g
a non-zero response tbe. llany ttres coF
plalnts concerning response are reall.y a reac-
tl.on to lnefficlent aoftnare.

CPU ard I/O contentlon delayg
ttlth nrlti-ueer loads on corytrters -- tttictl
ean only do one thing at E ti.re - there tri.tl
inrrariably be ti.res rhen there are queuea for
one at a tl.re re:Klurces. ltre point of reagur
lng reoponse tire 1g to teaaure thlg cr
ponent.

?he test tml rrgt enlate the applicatlon "oft*t" -)
gilill3l use of CPU, ratlo of QI to I/O, ard alrller
type of I/O usage. lbthtng 1g better tian a nePre-
aentative nrn of the actual softflare.

A regularly scheduled batch Job, ntnning at a shllar
priority as nonal users, rith a record of itg elapsed
tlre beirE Eade, ls generally aatiafactory aa a leBa-
urelent proeedure. If there ls a lot of tenlnal
input in the actual applicatlon thig ray not be the
case. lhe fact that ottput nill be to a dlek ftle ls
usually not slgnificant:

- priority boost aot all that significaut on larger
rysters

- altbongb the dist Ey be faster, the real isEue 1g
corprris€l betrten nrng

fhe data recordlng ard reportlng should strorr norat
cases, averages, ard variarrceg.

tlre exerclge is pointless unlees its purpose 1g to
follon up the Easurelents rith efforta to erplaln ard
correct tbeg of poor perfotuuce.

---llotes
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Ibta frol Ugers (0'.^,lr r-iAar')F)

C,atherlng all the statlstics Ln the torld ls of llttle
ualue lf one does not explain dty the gtatlstlcg aFe
rtrat they are.

ft 1s rnt enorgh to knol ststlstically dnt a Prograr
or uaer la doing -- if one is to rahe irprovelents one
urst knoa actually flhat lt 1s itolng.

lo get this inforration requlres tact -- one lrst be
able to conrnicate tdth users on a helpful' lx,n-
edvergarial, rnrrJudgerental bagis. ft also regulres
etealth, defined ln thig case aa:

SET PROCESS / PRTVII,EFREADAI.L

---Notes
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