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Sectlon VIII -- Caracttv Plannlnq

Itrv do camcitv planninc?

In gore BenEe, everlf co4uter site doeg sce fot:r of
capacity planning, even if lt is only aa occaeiqral'
acknonledgelent that the nachirr la gettitE haler ard
Byh tt'g tire to do sorcthing about tt.

Bffectlve planning effortg are a hallnrk of nrccesg-
ful hrsinegses. Inportant lnternal aervl.ceg rrgt be
available as the cogts of dlanrptiuons can be dralatlc
ard exponential. Over capacity can be equally dang-
lng due the lost opportunitiea cauged by ttt€ devotion
of capital to unused resqtrces. &perdltureg rugt be
planned, both as a rechania to ingure adequate re'nlen
for cogt Juatlfj.cation purpoaeg, ard co that fbanclng
can be obtalued in th€ rogt econclcal lanner.

Cryuters should be treated no differentLy ttun any
other expensive resource' but often are. Too often,
nnageaent doegn't understard thel. loo often the
technical p€ople ranagfuq thel, either deliberately or
through lack of hrsinesg sente' do not properly asgist
ranagenent. Ihta eenter tanagera' capaclty plannera,
or perfonance analyets dto do mt put thetr technlcal
activitiee in I proper businees rillleu ane doing
thelr erployerr a di.gservlce. Proper plennlng i.a a
lrst for data centers.

Goals ard Objeetlveg

Itre goal for ttp capaclty planner 1g to lngure
adequate co4uter capaclty is avsilable to reet
organization'g needa.

A mnber of obJectivee, eonstraints ard congi.derati'ons
relate to thie goalr

lte capacity planner nrst hane an uderstardlng of
these needs, but this 1g not accqlistnd by glrp-
ly krnring that applicatione A, B Itd C have to be
run. lhe needa aasessrcnt rrst be quallfied by
defining service leve1s appropriate to those
needs. Service levels are statelents about rF
Bponse tl*r ad turnaroud tireg.
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rlth uEer grtxtpa genrice obJectlvea the
conputer center nilI be expected to reet. Often
rrltten agreerents betreen thc ccputer ccnter ard
the user group aerve to quickly arbitrate Problcrr
and reeult in better genlce dellvery in the
future.

tlte acquialtlon of capacity lrst be econnic. lhe
planning process Eerves as a vehicle for:

- cost benefit analysia

- tdentiflcatlon of fntltfuI areas for sertrlce
iryrovelent

- thely eonslderttion of alternate atrategles

lhe plannirg nrst regult ln tlrely acqulaitlons of
capocity. Ohiously, nrruring out of capaclty la a
problen. Hauing 1t too goon ia equally daraglng:

carryirq cogts

- unreasonable reliance on erceptS.onal service
levels develope

- it invites lnefficlent usage

"llothing consurea co4uter capacity nre than
unueed capacity.

Functions of Capacltv Plannlrn

Iorq ?err Planntry

Ttre capacLty planner nst play a central role ln
decisions concerning ujor hardrare ard softxare al-
ternativea. Critical to any decieion d.11 b€ perforr
ance (capaclty) relative to cost.

Itrrdnare corryarlaona can be deceptlve. Coryarlsons of
prbllshed CPU cycle ti-res are thoroughly rieleading.
llany factorr are not lncluded:
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- relative lnstructlon pofler

- hardrare overheads

- operating syater overhead

- layered eoftxare perforannce

- load degradation

- coryiler perfonance

- I/O deuice capacitles

C-apaclty plannere lgt develop appropriate reagurerent
toolg based on the useg to r*rich the rachine rl11 b€
prt.

Short ard l{id len Plaruting

The capacity planner -- like the perfotlance analyst
-- ruat be continrally obtaini.ng infonation about
utilizationr

Itret is the current derard?
By user and applicatlon
By tine (loading patterna)

l*rat 1g the current capacj.ty vfs-a-vls the derard?
t utilizalation, tverage ard peak
service level being delivered
aafety rargins

ttnt grorth or shrinloge can be forecaat?
Grarge 1n user rrcrkl.oad by application, user
and tire
Change tn softxare -- perfotDnce dranges, ner
versions, etc.

lhat capacity 1111 be needed at any glven future
date?

lfust acheive desLred service leceIs
ttust reflect rorkload d.r
Grangea ln peak loeding?

lhat alternatlvea to sirple additlon of hardnare
erlat?
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lhe Capaeity Planner'r lool,a

llardrlare tlonltora

Devlceg rhich rcnltor hsrdnare opcratlon to l€aaure
frequerrcy of varioug operatlona -- ingtnrctiong
counts, idle tlre, r€rcry refererrces, caclre hits, etc.

Mvantagear

- Accurate -- m bpact on radtine operetion

- Eleriblc - tf lt can be electrically aenscd
can be reasured

- Transportable - a hardrare ronitor norks on
Dctrir€

Disadvantageat

- Erpensise -- sbple rcnLtors cost $30,000 ard
coryrehsnsive oneg are $IOO'OOOI

- Cannot dtatirquish loglcal load coryonenta

- Bequirea akil,led operatora rdn urdergtand hardnare
loglc; softrare, and ean interpret the regults

- Use of the ronitor ie labor intensive

- tlith mdern *it, there 8re lany ferer eccegs
points to the CRI logic, ard, therefore, rany
ferer funetions *rich ean be rorritored.

Generally only useful to large organizationg rhlch can
utilize the devlce on a nunber of co4uters ard derrcte
a fulI ti.re analyat to it.

softnare ilonitors + frJ'"'n-t
Softnare xhlch runs on the syster befutg rcnltored' ad
gathera ard analyzer perforlance data.
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AII vartati.ons of effectlvenesa, accuracy ard effl-
clency can be found arong the availahle producta.

Mvantages

- llay be easy to use and urdergtard as they are
targeted at a apeeific architecture.

- t{ay be able to aegragate load coryonenta

- Can look at a nide rirnge of variableg

- Relatively lnerpeoalve

Diaadvantages

- Can irlose asuere loading on the lachine, posalbly
becouing a capacity problel in ard of ltgelf ard
ekening the results

- Accuraey Eay be queatlonable, deperding on leaa-
urenent teeturique ard coverage of all aspectg of
resource utilizatlon. "Capture Ratio" Ery or ray
not be ealcuable.

- ttay 'lnterpret' the data ln a rann€r not supported
by logic or fact

- lby focus on irrelevant data or statlstica

- Generally not able to lool, at detalled hardnare
ueasuFes, guch as instnrctton corurts ard
digtritntiong

- Not syster irdeperdent

-----llotes

Benctuarka

Useful for nachine to radtlne corparlsona.
actual or synthetic.

ttay b€

Actual benctsarks are a representatlve aarple of an
actual rorkload. lltrile rcgt accurate, they are very
difficult ard mgt tire conauring to aet up.
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Synttetic bencharks Ere created to gianlate an actual
rcrtload yet be easily transported fror rachine to
Edrine. lo be of uge, they rust acorrately reflect
the character of the subjeet norhloadr

- ingtnrction nir

- quantity ard type of I/O

- Elory utilizatlon

- use of ard deperdicies on th€ regultg of rygtel
coryonents such ae layered aoftrare, service rou-
tines ard coqllere.

Stresg tegtr

A type of benctrrarh used to predict response behavior
at various loadinge of a lulti-user appllcation. lhe
procedure is to nrn the epplication rith increasing
nunbers of u8era, each folloring a carefully crafted
"acript", learnrrtng response ard rachine loaditE at
each uaage level.

Rulee of thrnb for typlcal transactlon or data entry
type applicationa on ttte VAX:

- after L or 2 uaera, radrlne usage 1111 increase
linearly

- response ti*s rd.1l lncrease slonly end wenly
until gOt (+ or - 5t) CPU loading, at xhictr polnt
it ri11 increage rapldly. thia aaatrcs I/O desice
capaclties are not fully loaded at any ueage
level. lhe 9Ot flgure ls exeluaive of lon priori-
ty (batch) loadg.

(In strort, becauge of the efficiency of lllG -- as-
surirry adequate r€rory, properly tuned - the Load
behavlor of the VAX unter lllG follors a linear trerd,
and airyle ertrapolationg are =aningful ad relLable
ercept r*rere f/O device capacitiea tdll be tared.
Itris exception ia, hoxever, rather rare axlng IIAX
softnare. )

----Notes.----
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Si.nrlation ad llodellng

lheae are rethods rdrlch use statistlcal. procedures to
repreaent a load. lo be effectlve requirea lntenglve
analysis ard approprlate reprerentation of aL[ Load
rnriables, lnterelationahipr, and queuelng patterne ln
ratheaatical tetrr.

tlte analysis of erylrlcal data or testg ig generally
rrch eaeier and equally or lore accurate.

Procedureg for Capacltv Plannirn

The rcst irportant part of capaclty planning ls effec-
tive forecasting of rprkloads.

Top dorn forecasting, baged on trerd ana1ysls, 1r
unsuitable for mlti-applicatlon loads. Real norld
change is geldor congtant over tire or arong various
uaera.

---llotea

*- The fgrecaat ryel-be*b9!!9!-C!- -- appllcation by af
-/r -p-I1-ation;==Ef,en--nser ly-u-aer- lhi.g forecaat nrst b€

based on couunicatlon rith ttre user grqrPs ard ttnir
nanagelent. llhat ard nhen are their erpeetations of
uaage changea.

Discussions Hith uaers nrst be in ter:ls of "natural
forecasting units' auch as nurber of reports, 1rr
qulries, custolers, payees, invoices, etc., aa oppoaed
to caputer technlcal tetrs sudr as @U secotda, digk
blocks, etc.

Current usage levels, in natural unltg, lst algo be
knott'n.

Based on current uaage, accrrrate agsegnentg of re-
aource unitg -- CPl, secotda, ll0'g, disk blocks - P€r
natural unit nrst be calculated. Be careful to allo-
cate overhead to us€rs reaponaible for it -- those
doing large amuntg of terrinsl I/O and those ueing
elugtered disks -- especially lf shared file applica-
tions are being nrn.
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An accurate derard load can be nsr calculated for any
point in th€ future.

Capacltiea of equipnent stpuld bc apparent based on
technical data -- nximr I/O rates ard disk glzeg
ard general rcattoring or tertfuq, obsenting lnaIlo-
cable overheads ard loading ]irits for acceptable
reaPonae.

Care rust be taken to account for IP center nnagerent
functions, For exarple' aa dlsk tPace utlllzati.on
grons, Bo trl1l reac,urces derroted to backups ad
reorgani.zation rrurs.

llhen detenining capacity adeguacy nke Errre P€ak
loading is consldered. Delarda of applLcations rrst
be considerd by r*ren uged -- tire of day' day of reek
or date in the rcnth.
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