METHOD AND SYSTEM FOR DETERM NI NG COVPUTER RESOURCE USAGE IN UTILITY
COVPUTI NG CROSS- REFERENCE TO RELATED APPLI CATI ONS [ 0001] This application
cl ai ns t hwohemeafsst440f U. S. Provisional Application No. @CrAX2o®H61550i | ed
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[0003] Utility conmputing is thepacragr g Ol —conputing resources, such as
processi ng and storage, as a rretered service simlar to a tradltlonal
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form ofre@ger %Sé’?{h%gﬁﬂﬁn so that the |arge anmount of storage or conputing
power available is seen by users as virtual nmachines. [0004] A challenge

wi t h cdiEeRtOFOTEE INVENTHON conputi ng nodel s, for both the service provider
and end user, is appropriately determ ning usage of the resources, and
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accur ateh ¥ k R REDd OF EHE INVBENABRUT ce usage. [0005] The current netrics in
utility conmputing are also an 1 npedinent to adoption by end users. A single
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utility co
are essentlally rented. Customers with very large computations or a sudden peak in demand

can also avoid the delays that would result from physically acquiring and assembling a large
number of computers. Utility computing usually uses some form of virtualization so that the
large amount of storage or computing power available is seen by users as virtual machines.
[0004] A challenge with conventional utility computing models, for both the service
provider and end user, is appropriately determining usage of the resources, and
appropriately costing the resources. Depending on the specific application, utility computing
providers typically price the services based on a metered processor usage (i.e. MIPS/sec),
or on the amount of storage used (i.e. GB). Such metrics give only a rough approximation of
usage, and may not accurately reflect the true resource usage.

[0005] The current metrics in utility computing are also an impediment to adoption by
end users. A single metric, such as CPU usage, does not provide end users with sufficient
granularity in understanding the resource usage of different applications. However,
monitoring the usage of many different computing resources leads to confusion, and an
inability to relate the different metrics to the ultimate utility pricing model.

[0006] It is, therefore, desirable to provide an improved method of determining

computer resource usage in utility computing.
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[0007] In a first aspect, there is provided a nethod of determ ning
conputing resource usage in a utility conmputing environnment having a

pl uralitywof2meusmmk i nfrastructure nodes. Each networ k pcmfaazsdoroocisor e node
includes a plurality of conputing resource types, such as processors
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net wor keoniértes ddddeding & thed®erabeenubtisdr of resource units per quantum of the universal
metric for the respective computing resource type to determine a quanta of the universal
metric consumed in the predetermined time period. A total resource consumption is then
generated by adding the quanta of the universal metric consumed by the application in the
predetermined time period for each computing resource type. In a further embodiments, an
adjusted total resource consumption can be generated by modifying the total resource
consumption according to an environmental factor, such as location of the network
infrastructure node or an overhead cost factor.
[0009] When a new network infrastructure node is added, or deployed, to the utility
computing environment, the method can further comprise determining, for each resource
type, an adjusted cost per predetermined time unit to deploy and operate each of the
plurality of computing resource types in the new network infrastructure node. The cost
conversion factor is then applied to each adjusted cost to determine a number of resource
units comprising a quantum of a universal metric. For each computing resource type in the

new network infrastructure node, an updated average number of resource units per quantum
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conversion factor is then applied to each adjusted cost to determne a
nunber of resource units conprising a quantum of a universal netric. For
each conpwOi2oy/meBi@ur ce type in the new network infrast PaTtaaeowots) an
updat ed average nunber of resource units per quantunof the universal netric
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units network infrastructure node includes a plurality of computing resource types measured
according to respective resource units. The computer program product comprises, or
embodies, code, which, when executed on a processor, causes a processor to provide, or
implement, a node analysis engine, a metering engine, and a consumption engine. The node
analysis engine determines, for each resource type, an adjusted cost per predetermined
time unit to deploy and operate each of the plurality of computing resource types; applies a
cost conversion factor to each adjusted cost to determine a number of resource units
comprising a quantum of a universal metric, and, for each computing resource type,
generates an average number of resource units per quantum of the universal metric by
averaging the number of resource units over the plurality of network infrastructure nodes.
The metering engine receives, for an application executing on at least one of the network
infrastructure nodes, periodically monitored usage of each computing resource type to
generate a number of resource units used in a predetermined time period; and for each

computing resource type, determines a quanta of the universal metric consumed in the
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conprising a quantum of a universal netric; and, for each conputing
resource type, generates an average nunber of resource units per quantum of
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.or the respective conputing resource type. BRIEF

the uniyversal metric
DESCRI P Ei\?péﬁ"“?ﬁé"t&a}iw ﬁégur[%g)i Enbodi nents of the present invention
wi |l now be described, by way of exanple only, with reference to the

at t achaBRIEFDESGRIPTH@N®©ORTHEDRAWINGS a bl ock di agram of the systemand its
environnent; Fig. 2 is a block diagramof a network infrastructure node;

B e O B Y
et hod exaopiaionty vith refeeerpeds ¢ attachen Figares, Whereind is a flow chart of an
Chvent i on: and Fi'gS B ek By RO A ERATRE! consol 6 accor di ng
to the present i rRigmn is@block diagram of a network infrastructure node;
Fig. 3 is a flow chart of an embodiment of the method according to the
present invention;
Fig. 4 is a flow chart of a further embodiment of the method according to the
present invention;
Fig. 5 is a flow chart of an embodiment of an application profiling method
according to the present invention; and

Fig. 6 is a representation of a reporting console according to the present

invention.
DETAILED DESCRIPTION
[0014] In the following description, for purposes of explanation, numerous details are

set forth in order to provide a thorough understanding of the present invention. However, it
will be apparent to one skilled in the art that these specific details are not required in order to
practice the present invention. In other instances, well-known electrical structures and
circuits are shown in block diagram form in order not to obscure the present invention. For
example, specific details are not provided as to whether the embodiments of the invention

described herein are implemented as a software routine, hardware circuit, firmware, or a
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DETAI LED DESCRI PTI ON [0014] In the follow ng description, for purposes of
expl anation, nunerous details are set forth in order to provide a thorough
under st amsionglooi4stdhe present invention. However, it w | PChesazppaoesst to one
skilled in the art that these specific details are not required in order to
practice the present invention. In other instances, well-known el ectrical
St r uct woetbireatidn thereafi t s are shown in block diagramformin order not to

obscur present, i pventiaqn, For ex S I tai e
o ovi adabl Fo°wbaidens Enpsdfieniod e praBRRsEhBrH BatiBidatfhet .
ar e i nEteedih @adnachire-satiaermediant(aise refeaediarae acomoputer pfogramgragduchra a - A
-conbi nation the f. [.0015] Enbodi of 1. I_nvent | e .
repr ese‘??tnéod’tee{'sre%éag)g? F\ﬁgr“é‘" 8@88?S°§'?%ar%t3§|ei neé\'nﬁﬁa(? E?énéel%@ge a é’%n@&f"&m (al so
ref err edaving asc@npuienuéadabler porgeam peariu embodied otpreirdr -Thea delohieemeataig a
processor-.readabl.e nedi u or_a.conput.er usable um .09 er
readablrge?wrggwghb@oagy éH%%)b&? éﬂﬂgﬂtﬁ%ﬁ?#ﬁr'ﬂ, @%Wcﬁ\% e Fe%%ﬁ%ﬁneoﬁé%%%%ay be
any suidtedabe ntexiigh tictudingda digkettecdanthaet disk geset orly nagrhorg {CP-ROM2) metonc al
st or age, nedi I..ncl udi n i\skette., conpact disk .rea nl BN
(D, ROVEVCite MRS oF R F cSipar SR afechey SR, T8 mbelFedtatans.
mechani megiurhhreayremitain ear@sdeid e instdictionsyaydesstjuahcesy aonfigusatioa tirfomhation,
i nstructions, .code sequences, configuration informtion r _at her data,
wht ch. SiHEREnLE8, Mo WHRGCSecfBl b b EBessrb hPeuah ke h KPS
accor di axgoidingato aangmishdiraerit ad the ineerition eTHdserof oridivezse skifl irthd iantawily apprekiated n t he
art w lth ta%)tﬁre.ci ate that ,other. instructi gns alnd o&g}r a(%ai%or.bs‘a necessar to
i npl eneNEt YRS HRLLGIPBRANY ROSTIPUHHEySYY I pRiCweR; L dsciiRg invention may
machi nealse adadtoredmenli then mahineveadaliie méedigmf Softwialke rurmiy  freme 8@dahiaehimedi um
may interface with circyitry t. erformthe scribed tasks. [0016]
Gener al fF??%i%@eﬁw&@ﬁV' Lf?ﬁ\ﬁé%t"\"&&ﬁl“g\y/it‘?iggﬁ%{"\(}ﬁ?\‘?@?g@ledEﬁ formfor utility
conput i pog16jhat a|d3@r\{§‘ra|@§rtbié c;ﬁegémwhd@m@ntproefdéeca iunBleysalpatfopm fdr;neumw,age_ of
conputing resources, an rovides a uniyersal or co n nmetrigc that permts
casy cOTRIBErNEY SlQnSPeise RYEetn P 5 BYNaRs Nt bieo utae of GORRLIT
cl i ent srek@lircéd)Qarieproviaes ar Qﬂﬂd@rléador d:ch(}nmﬁn eﬁ?ﬂdltmrﬁemﬁtb@asy Jofrparsere ap ]chr es
or nonitors six nmetrjcs conmon used in softwar onput.i ng . g. or
CPU o BROES YHAGR LB OIS PO B RIS R, oRi Sy iesRerengrep b an
Egyt eS{< @ﬁ@v\c;ifiméntl,_wblaﬁgm rh@sma;skor( kohitors SsAg fetrdi &cﬁf&maﬁlyru_%édv‘lﬁ R fthara
t wor usa a tes for storage usage) and applies appropriate
el ght {GRTAAS Lo BVHE 15T o B1o6STeg" SRSF: KR IpA TETOVAISgEe s S Teraion
di mensim) REpesI¥ed Fort Nodal Aré@ Metwork (LAN) usage, Kbits/sec for Wide Area Network
(WAN) usage and Gbytes for storage usage) and applies appropriate weighting and
conversion factors to each consumption value to derive a dimensionless quantity (termed
herein a Workload Allocation Cube (WAC) unit or value) that can be used as a universal, or
common, metric. As used herein, a Workload Allocation Cube (WAC) is itself a universal
metric that provides the number of resource units equivalent to a single WAC unit for each of
the six monitored resource types. A WAC can be applied agnostically to any system and
application. The metrics can also take other environmental or controllable variables into
account, such as real estate cost, tax jurisdiction and electrical power. The WAC unit is
effectively a metric that makes diverse computing resources comparable. The total WAC
units consumed by a user determine the cost charged for the use of the computing services.
[0017] The number of WAC units used by an instance of an application, also termed
herein a “workload”, is determined by monitoring the six metrics. The information can be
gathered periodically, e.g. every 20 sec. or every 5 min, and averaged by the hour in order to
generate a number of WACs that accurately represent the usage of the services provided.

[0018] Fig. 1 shows a utility computing environment 100 according to an aspect of
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SUBSTITUTE SHEET (RULE 26)



herein a Wrkload Allocation Cube (WAC) unit or value) that can be used as
a universal, or common, netric. As used herein, a Wrkload Al ocation Cube
(WAC) i s wogeldo4a74ani versal netric that provides the numroErCA2how®sB0r ce
units equivalent to a single WAC unit for each of the six nonitored
resource types. A WAC can be applied agnostically to any system and
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Disk; meshed GB Ethernet switch; meshed storage network fabric (where applicable); and a
minimum 2Gbps Disk /0 (SAN configurations only).
[0021] Business consumers are the end users of the system. Platform 102
coordinates these suppliers and the necessary utility computing raw materials suppliers to
cluster appropriate workloads. Each workload is monitored for reporting, security, account
management and event logging by the platform 102.
[0022] The utility computing environment is preferably designed for maximum
uptime, scalability and performance, and preferably strictly adheres to established ITIL best
practices and maintains Uptime Institute compliance standards for facility certification.
Preferably, the minimum facility requirements are based on the Uptime Institute’s definition
of a Tier lll Concurrently Maintainable Site Infrastructure. A Tier Ill facility has redundant
capacity components and multiple independent distribution paths serving the platform.
However, only one distribution path serves the platform at any given time. All of the raw

materials within the node should preferably be dual powered and installed properly to meet
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than 100ns | atency; redundant network pathways to primary POP; and access
to traffic nanagenent and nonitoring systens. Preferably, the raw materials
depl oynmrenwodenvagsrdghoul d neet the foll owi ng m ni nrum conPCHIA2DANN1550
specifications: N+1 Server Cluster; RAID 5 Disk; nmeshed GB Et hernet swtch;
meshed storage network fabric (where applicable); and a m ni nrum 2Gps D sk
|/ O ( SArmpiahcegeqatrernasts spegified (00 UptiBesinstiiste'scanntrohdocsiment evfitedeéRauluser s
of the ‘Féférraﬁ{nP.oﬁ)e?téo%maEIQez.%%Q#igét%ﬂt RRrdidieSEo SURP G 1 Attt ol dise o’
utility conputing raw nmatefial’s suppliers to cluster appropriate worKl oads.
Each woprkfecatdy haventbeiabdityetd feoover dipor opergtiorskeuoistoy, spastaoeous faiduregefrsite and
event |, | f . L fj I_Lonment
S pref@?%%ﬁ%t@ée%?@ﬁ%@é@%raq@g@ég rlr? an%tg ﬁ%n%'pfgggré#gag‘%ﬁ%faangLépﬂgergr (e)gl%dr?@g, and
pr ef er addppcigt canudngntsdind rdigribusior patisIwithbetdcauFing poaidemsp fardhe pleforamd

mai nt ai pti me t] e C [ rds. for facil| tification.
pret er d0PgTt he rirh petdiB0r et s RGH PRRBRT RGeSl B he BeSlish WP

I nsti t ue&renatefol Figs.i &H. dhe aodie emalybis ébgimeut 04 pelfgrmigaiuntions addseciSietdewith

| nf . A Ti 0l f i]i h i d
e o e R A PR A R 0,
T o g oy P e )ogios anio [opibyed Theonodde o2
materil a , .

T por | s Shdlnd 1BeNBEESC 8 A BRE( SL30 alrel R AR Riedthe hASA oo §
cont r ol redowroeeapadtyt oft éaz;df ihiFasljmctuT@ Ir:\edla(rjmzolpmmerdi@tmthﬁsig ﬁnépes: ih'IfHecE)wtm{ on,

Vi i 2.0Q." T l.l il ilit

Vo T eoduatenal niari shes e, 2Sln ¥ LPeL Bt fedabVeRn rtched: Bendwidtpele: 'Y

i nf r astavatidhle @and @aealatsst the naandmb@veapptignefetPin MH aveneorp & MB, @izt LG img t he

redund capacity co nen and, dj stribution ths with causin

pr obl eﬁgé?%ryﬁmgﬁ(pv(gtﬁg’ﬁﬁ‘ E%HZ%Td %ého'ﬁe‘gg?sr’o?fp‘ﬁfpoﬁﬂ? U‘a?ﬁlétmﬁccmd qgfﬂ m
eng: neSComstrbintsomtgfer %&? rra\beﬁ}u]?t&ribhtyfpef ghenae tﬂatégiagfprogﬂ?e Earfﬂ%ktb m«éﬁinto

anal ysis_engine 104 perforns functions associated wit ofiling t aw
nat er i a?‘?%’%‘ r &G 3@’@ grd ¢ $ROMIgUY kdsqsllﬂnr ag'[ggu{??‘lﬁc&y'ndrg\é% tQpRiog¥m st eps
ar e i nid¢dnakctivity,i IPnagdrepsing) eryiperigdd tydee and évanagémant torsbld: 8taragke Sypar end

depl The nod |, S ' 104 ' ' t terial
or of i1 o PR E Ul SN (PP \POIOGU WASTE BBBIERD- of each i nf rast ructure

node 120024]cor di nEprtexatriple, 3 Brdeetd bstinatd ige vAlMe BRERY fedburéObh ltige hathesk | Nt o
account, r%]%ugg]nber of servers swi tches, bapdwi dth, etc. avail able

drives,.
and cal B "% MSdfreiR gl WalssEl PLPTis inplstey PN Remel biaie, spRersyitetel |/ 0
i N KBpSpunitsdrwdiréck é6pvéref tod tnaimbBNoR AgkdWiNes;NartBRtal 1RteFhes {\WARD &abAcifBin

according. to constraints set for each raw nmateri al taype. The raw materi al
glafe fay majerialquantities, the node analysis engine can requ

profil é jongp ire data as set out

in Table 1:
Primary Constraint | Secondary  Constraint
Cost of Goods | Variables Variables
Raw Material
Component (USD) Qty Units Qty Units
Blade Server Chassis $x X  Servers
Blade Server $x x  CPU (MHz) X Memory (MB)
Rack Server $x x  CPU (MHz) x  Memory (MB)
SAN Controller $x x  Hard Drives X Enclosures
Storage Enclosure $x X  Hard Drives
Hard Drive (FC) $x x  Storage (GB)
Hard Drive (other) $x x  Storage (GB)
Fiber Switches $x x  Ports x  Disk /O (Kbps)
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account: server type and configuration design; UPS capacity; LAN topol ogy;
WAN connectivity, |P addressing; hypervisor type and nanagenent consol e;
storage twpeoswdsRAI D configuration, and SAN fabric topeCoga200e1so
applicable. [0024] For exanple, in order to estimte the value of the
resources on the network infrastructure node, the raw material profile

I ncl udeBthémeabwittheser bl adgx ser vels;x t oPalts nunber of xackLANAADe{Kbps) of al
nunber |_Qf rl,gr(il drives; fand to%al I nternet (WAN) capacity. In addition to
the ra "Wt quantifties, Phe nodé dhal §8its engine can require data a
set outEthernéabaming: Prifmary Opnstrai gt xSecBodary Constraint Cost of Good
Var i abl ar . abl.es Mat er ,al Conponent (USD) Qy Units Qy Units Bl agle
Server \‘éﬁ%gﬁ@or&o%o erivers BPade Serdvet $>§g “Eru (MHz) x Menory (MB) Rag
Ser ver| BypeXisdrU (MHz) x| Menor $x (MB) $ANM CoSenell er $x X Hard Drives x

U7

Q

7

Encl osjut e t or age Enclosur&(éﬁ Harnd Dripes Hard Drive (FC) $x X Storage
(GB) FXRAFE (ot her)| $x 8P age |(@B) Fiber Switches $x X Ports X Di §k
| / O ( Kbipgret BanowidtHSwi tjches$dp/méh Por s »  LAMN (KbpsiKbps) Fi ber Cabling $x|X
Por t ; , HU—zati-or—Consel-e—$x—X—Servers—

Hyper vi pfl® $x p/mth X U Internet Bandwidth $x p/nth

X WAN (Kbps) Table 1: Exanple Raw Material Profile [0025] The node anal ysis
engi ne 104 deternmines, for each resou an _adjusted cost that is

ce type,
based d¥9¢¥e costThs NPAR NS Eag'n?hio“a(ﬂ’&?/et”i“@ﬁé{ feraeadt Jesqysee ds: b

consi desdpibtéd cadljthattis bASed 65 thd asst of tHe RRBUrCEETRY BEGitIGNAIFadterd thatCdandss f or
exanpl e, operating costs and general overhead (e.g. electricity, facility

| ease qubnﬁgi,ere,degq adiysh the cash ase for each resource typeé can include, for example,
operating costs and general overhead (e.g. electricity, facility lease costs, real estate costs,

taxes, salaries for maintenance staff, etc.). These costs can be apportioned on a pro rata or
other basis to each resource type. In addition, other weighting factors can be used to adjust
the cost base of a resource type, as determined by the utility computing platform provider or
the network infrastructure node provider. Once the cost of each resource type has been
adjusted, the lifespan, lifecycle or an arbitrary cost recovery period (collectively termed here
as “lifespan”) can be assigned to each resource type. For example, a server may have an
expected lifespan of two years, whereas the network infrastructure provider may wish to
recoup the cost of a switch in 9 months, thus it can be assigned a lifespan of 9 months. In
either case, the adjusted cost can be divided by the lifespan to determine a
cost/predetermined time unit (e.g. $/month, $/day or $/hour) to deploy and operate each of
the plurality of computing resource types (step 300).

[0026] The node analysis engine then applies a cost conversion factor to each
adjusted cost (step 302). The cost conversion factor is an arbitrary factor determined by the
utility computing platform operator as a base price/WAC unit. For example, a cost
conversion factor of $0.15/hour-WAC can be used. Dividing the cost conversion factor by the
adjusted cost/time, determines the number of resource units comprising a quantum or unit of
the universal metric (e.g. for CPU: MHz/WAC; for storage GB/WAC). An average number of
resource units per quantum of the universal metric can then be generated by averaging the
number of resource units over the plurality of network infrastructure nodes for each resource
type (step 304). These averages, as well as the individual data for each node, can be stored
in the resource data storage 105.

[0027] Once the average resource units/universal metric unit have been determined
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taxes, salaries for maintenance staff, etc.). These costs can be
apportioned on a pro rata or other basis to each resource type. In

addi ti on,wotzhavo4dmiught i ng factors can be used to adjust pCheAzo®t00lzEse of a
resource type, as determned by the utility conputing platform provider or
the network infrastructure node provider. Once the cost of each resource

t ype hafer bagmofdte nxinédredtrbsodred typparthe meterigadnginer 10®ncaar et themyto eastitor

"L " b dt
e L8 o ERLL b Ul SHIRE S, HRDEPETR el PR B 1
two yeahs utlum@nmstlmmenw@hmnk Thafmetstingemgjmem@ osdedles pregydmlally?nbmtaratoup
t a.li
ot e Ssee o erth Loelthe B hnd B 3 tert ArpEi A ThHaEe sfseheSRF dban 1 o
det er mthet ia mx’mltedp:reehﬂhemdenéylstemrmmm tha ?ogltor%smmd:dws@’eobrg vaiI b&btm?r% to
h of th I resource s (ste
S50 (BB %BHE o S8l B8 Shiheluth BT SBE SR S MBied 2%,
t 0 eachusadp Uijuess, evbridh é@t @ﬂe&@a)andeeeonerstn tnenneeosncerunlitae:;?pOGSpriase aﬂeachr s a
f d i t a rm oper at.o S
bnoe. poebalrts e, EeCRRANER Y deltFminel te' HuROET g bRshuled ip sl by 1S
$0. 15/ happlicahdE man bredeﬂsedmeﬁ)l tun@llp"egou h‘er @ash resowes sty Fackeramply, tie

djusted cost/tine, es the nu of. resou eunlts co rls
oot urns R ol 1015 BhiToRe B SVachid 0F fd e FRRTlEpBeelnd farcores b o age
GB/ V\AC)lnfoﬁmamranalgeusag&hmlta stbrer BO70(8tepe3 12N Sisilgrdy; twmvefhonhﬁclﬂmm sal

t th t by .averagi.n source units over
the. pl Ul 71 {8 AELBPEC] AN AURPUR APRRDBanFD ASBAEReF e EbaPES FESBES st op
304). 'Rlyﬁaetha\tcﬁalagﬂ'sberm umédsaBBIetrh&mIltﬁdeSLdmai incthé préddetermandd tinosl@ericchn be
i t o Y e 0Rl B T B ehieiad S oareTiie dFnTLRR Y TesRFoDr FHESRIR br od
r esour cgretigtpesined hme [petied aE@réing tote HV6ragamubder bheegbilree Iﬂiﬁifﬁ p@’f urRtQITiRg | ng
of "t he. TUAFI BRI GSEHONT SARRHITS FROTE MR RGP G DI Op el e
per i odi makioyedmimitteouegeusatg starbgeaoh (e@prdtd) NTheé esrsUNGstiohydRyifeon 0@ ﬂg%ﬁ/en
S0P, o) B ol e bbbl B Sodg e SR SR o
t he resmuh@@rme@m.rmamrh@ pshgt fopleach eumbuturigore%@@r_ceQypee(seéws’ﬁo)rrhﬁd stohes e
usage f are coll ec orted in the resqurce unit

whi d
appr oprt}’g f%frBat@QIC'ﬁ he UsRgedatp Eﬂ% 1§?6A%§)§'I be elgat 19 t&@?"ePﬁ?Wé'”ttﬁ@ Ruftfer of
I esour creselitté Sdats eshdbyisddee darRpbiotst 1108 arft aop! 8HeWET 48 famelplﬁ@e peah ok for

o R 85 < B Eb Shoi B e gl s 00 can fake an
[0028] The consumption engine 108 can also provide reporting and billing functions.
Reports can be generated from the usage data according to any stored metric and for any
appropriate time period (step 316). For example, referring to Fig. 6 which shows a console
600, the usage of one or more workloads can be monitored in real time reports as shown in
the monitor window 614. The current usage of each resource type 618, 620, 622, 624 626
and 628 can be retrieved from the resource date storage 105 and displayed to the end user.
Similarly, the current consumption, in terms of the universal metric, can be retrieved from the
usage date store 107, and displayed at 616. Other instantaneous reporting functions can be
implemented, such as a graphical view of resource usage 630. In addition, historical usage
can be provided to the user in a report viewer window 604. A resource usage report 612 can
be generated to show usage over any given time period (i.e. monthly, yearly, etc.), as
specified in a reporting period selection window 608, for one or more workloads, as selected
in a workload selection window 610, and to show trends in usage. The resource usage

report can also be printable as, for example, a pdf.
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information in the usage data store 107 (step 312). Simlarly, the

cunul ative hour increnents can be totaled and stored. The netering engi ne
106 t hen weteromi4smg, for each resource type, the total mroFER0@I0085)Ver sal
metric units consunmed in the predetermned tinme period by the application.
This is achieved by converting the nunber of resource units used in the

pr edet €oo2%jed ti s wélrbe)dlearcctlm dbmlrdajrohhé caurputing reseatverusafe megtocs oo uni ts

' h e ¢
(st ep 3006 b ek @eclion: sinaih ebof shimRBE it B, SAERih M BT 2R VP
(step 3Hotal uE;"éref thoses uasptmoea 'El‘regrlsreecamerehrberbrlydra@cartdm tDHi@tharay umtsstbey ce

b di it h
or edet e REaY: A R BRNAS B e T R TRy AR 0 88et e, 310, and
st or es [0DB@] i nf orRefeiribg torFig.he, aseegeod at aprﬁtmgdh&@ﬁ/erags minhbber loé resamce t o
602 ol Gl b5 Aland DR MR s R R BT B =
acce_s;r fekeurte tuarltel/WWGJgrsgegsme? [Aﬁgtﬁéﬂer Ehemrmtwurkpnﬁrantruemge n@deé??ddfearjr (t)c?r: fﬁe
e r en n u
Csage e Rt RBS, Bmy” BeolRe hEPR & T rarvaR, MRdREErs sete I

peri od |(16l'ud!¢15 Bd&)s thEhavexisegn ecorifiefuesd amd retdEplaygd t® thdrnetWosh(Assdea;cnbeLftSol e
600, t h

, e or rkl.o be noni.tore
Ponor t caee I SelRliord B pi@he TP afBiaaRte it 2ReVotkehdkradnlbtis nbud
resourcajdeyrpeorﬁlﬁplof;‘@&, t62ﬂwed62|4ty626m@ntﬂqg62&r¥tramngﬁ r e radquﬁddf r:?em tpbe
I’eSOUI’CG te St a a to the. en user I
e ans e tmied B i 1e gRREmineanEeain tRolias vl o1 e tewingte fis 2adng
fromt Hﬁww?@geod@érﬁoﬁtfa:m lé(tﬂen a;rmiedl(ﬁpb aweﬁtoaéaoﬁjﬁijuﬂche@st lt@amhhrm@epus
reportin uncgt il ons can, . enent ed Su as a
oo B s AR PPN AR el S seR il it (Gen, d04da  Bach ne
user incdrtnmﬁrﬂgEésowdévh%@owat@dwhﬁﬂéne\ﬁ\nb@éOurCe usgge report 6#2 can beI
ener at 0O SNO usage over an lve erlio nont , a ,
O ue] 2 Bl ol T T Polled KRt BY i Hothe A dntt eV gatd S e ettt o
nor e WodveradsumiBsr f ebssur@dunits ser\Wobkiupael the ludiversan matritd@iwpbd ). mady bp show
trends |n usgge The resourc usage Lyesqort can al so be printable or

exanpl eNCAPHAEI[RYBRIFS RXCRGY the pee OreH AVETAIE Y 'BgrE AN BfPrEQ'ﬁFB ”E”r"

r €SOUr CiRrdtHggsep U UL SutaD5@REthe ialElage MBinbefofGasortd aeits perlguahtupcdfitied as a
counting unit to determne an end user's actual use of those resources The

user cafMYHiEal Belripils Felteatieoindialfy AYeralRMHidhyOthervise.t e AVRERBE UBRET 19f a
cost/ V\Aéédﬁeﬁe%lm’c@ﬁ‘ﬁ)ebﬁret ﬁh@rn‘tﬁrhéd bY tierauehhg sr&d (aIU83 pstey iadey. .Ad (3K

Referring tq Fi updati ng the average nunber of resource
units e?RAMGAPtEA ! yitgose Ban" tS‘fthFh?ét (5 veatRed U%%“F‘Géh? yaluRp @sSOqidedhMatbta ce,

t he avenageatidiiRIfoPthe ever-decreasing cost of computing resources, and ensures that the
values of a WAC properly reflect these decreasing costs over time.
[0032] In order to efficiently deploy workloads to the appropriate nodes, it is
necessary to have a profile of the application’s expected computing resource needs. An
application profile can be determined based on published system requirements for the
application, or can be determined by the present system. Referring to Fig. 5, the profiling
engine 110 can profile resource consumption of the application by analyzing the usage of
each computing resource type by the application during a predetermined profiling period
(steps 500 and 502), using the values collected and generated by the metering 106 and
consumption 108 engines, as described above. The profiling engine can then determine a
mean usage of each computing resource type over the profiling period (step 504). The
profiling engine 110 can then determine mean resource consumption for each computing
resource type by converting the mean usage according to the average number of resource

units per quantum of the universal metric for the respective computing resource type (step
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resource units/WAC i s re-assessed whenever a new network infrastructure
node is added to the utility conputing network. As used herein, a "new'

net wor k iwbrasrmsmttur e node al so i ncl udes nodes that haveThemymwesnf i gur ed
and redepl oyed to the network. As described above in relation to steps 300,
302, and 304, when a new network infrastructure node is added, or depl oyed,
to the %04)! Ohge comedted g tenunivensatemétric amitsydthe sksage obsachpesmputindatssurcegred
time uniatnis det er m ngrg forre ch resource t cﬁ? on thednew node téste 400) .
The costetBhVEPEFE P9I &7 PToYIde an 0V Hsgge{ {RHWEEAd, 8r A be SIAfRYAS R cost
t 0 det eWrithproéilerfuntherpanticutae application gtes S08)Mim bientp estgbizhtauWAT pefilenfor er sal
metric (step, 404) for each conputing resour associated with the new node.
To0s1] i atbicalonBeTeroRe bl Pire PR RS0 50 45 anal 28504,
updat edofaines, ag\igirligmrdnfﬁ r7201‘our391$>C3ﬂf daysUDiﬁté?np mstanoendilthe szlidagom ﬁbN@(a&ﬂiI?
metric (step 41 | f any of t updat aver age xceed the previously

st or ed é?ﬁg?tﬁgénﬁfﬁemmdﬁaﬁrgn B%@E?D@?B? SnEY 'Peﬁgré’?l‘?gl d (step 414), such as
50% t hppoaskr age nhmmrsemfsyﬁtemnmeuu?ii h?ké@t&pdﬁsiamwmeﬂ/iﬁé bmvtueiry@rtsalhb
metric is set tg t updat.ed avera erwi se,, the ayerage n er
for cacivelbanlain ABGRYSh aREITRE 0 bingy soRiRdeam o Seslels Adiende
(step 4dder clidhis.Widvingo# sinpler@nti tatneshse te8ogee abagdsihplifies thB@®pardtion ohbsy

met hod ucﬁ ating the val ues associated with a l/{\% accounts for C{he .

ever - de¥ ¢ RYSIERs Pecse GRPUYSERY CRRIBT AR¥ apPltaiioan Ny dime; rpgardiess dhitties of

a WAC pregp@rick Yrefj@fdniits bh @Bénsit@C &iARA_IartO8dEpIex %rnghbéﬁ#_\g ESKstdEratidhsOfoler to
effici entl$/qti%epl Oﬁ/i wor kl oads to the appropriate nodes, it is _necessary to

have a 8 FNitertire 9pf 4esiano FIRINGls, 16t BEPL PR rRPOHE SBYIER rARIee  An
appl i caglamiingr @bjlaees aandelife@lcRr MarfeRRAEd réthovel Hnys h&ﬂﬂr&ﬁﬁ;ﬁ?%r niche
requirenents for the gf)pl i cation, or can he determ ned@my? t he present

syst em Vifaigation, gngigesting. skl seti op exPeTtiseIgn diRyseie and stangdardiza the €opkbur ce
CONsSUNPéntemried céhealizaPtdrigiting Reditdiaspbngeoftphizdodstisge of each conputing
resource éxﬁe by the application during a predeterm ned profiling period
(steps B88*hnd 50M)e abieripscrred, ambedments) &dhe dreseat swasion aE iptendes to

et er i Nge dnEedoMPNAIEIRdINANmbEiflcRidas BRE vadstiofls Hrdy REEHRAV®-thd BSrtienigf i | 1 ng
engi ne can then determ ne a mean usage of each conputing resource type over

the profmMPedigepisaydhose pkskilbiuthe arhwithpuboepartigg &gl e scope @athe inuention,

det er m PRICHRAEANES SHEL By IRSIHIR AfRnb&d h&efd conputing resource type by
converting the nean uSage according to the average nunber of resource units
per quantum of the universal netric for the respective conputing resource
type (step506). Once converted to the universal netric units, the usage of
each conputing resource can be summed together to provide an overall usage
for the workl oad, or can be stored as a
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WAC profile for the particular application (step 508). In order to
establish a WAC profile for the hosted application, the resource usage is
pr ef er ablwormersds®d over a sustained period of tine, ramrgrma2boomnsd2 hours
to 30 days. Different instances of the application, for exanple operating
in different nodes or on different nodes, can be profiled. [0033] The

pr esentWhygtsis etareertismet hod make it possible for service providers to test,

devel op, and | a pr.od ion gr t SV ir
resellers a %%%ger()?c#é\té}nnﬁ@m 8 &%H&i@ Elgsnotuféeéhtr}%a ggt 0 E\r#e déﬂ&é C%@r uﬂrﬁg
usage sénvtrbhrhéletshavh@ a phurality oﬁneif/voaﬂyufresifuotme modysteaorhbmwkenfmua@a s can

|t onst g by By b InbgRg Gats Mock RedfRRY BERART B EHRE Mg

ar clii t eebouree anits, dmmgtnpdebmpﬁsiage the need to worry about physical

resource pl aaning, YROLBIGS B0dvldd REYCh . RAAgENENT . remve any

requi r ement gineering skill sets or expertise in
house; and st andadeiemanmg\.e‘ocemth reSoweod &yppr ars adjostad casti pee predetgromineddime

regardl ess of ge i ¢ |laocation 3 T ove- i ment s

of the present @qu d8 RloélaggOR?@hed%%thoélrbeeag?%Y ggggﬁﬁ?{d rggﬁfrg(?&?) g%ns

nodi fications andappa,nmgata oost cmwetsmnefafomrtmdeam adpisizdr tost Ubadetemtineli arent s

by ose of skill n%eé? art wt out departin fro t he s%ﬁe%f t he

i nvention, which TE" PFF@&“%C&”@WC%’VF’T 9 2 YT SRR EPES%. what i s

clained is: fbr eécm'edirhm@llngfredﬂireé mpEI @emtmgLﬁn a@ra@snurmber ofsregeurce uaits

utility c nvi ronnent etwork infrastructure

nodes, REICHARLITAF B9 HVelSe) el AustelnB it aitgoh b esbarce, Y51 SR MIT | ng

resour Cﬁlunta}{@&ﬁnﬁﬁﬁﬁkﬁn&dst&@ﬂé@hbﬁ@to respective resource units, the nethod

conprising: for each of the ural ity of net k infrastructure no

det er mi ni ng, ©°f & RIFRYDS @h g Ppedt lgﬁSta?ﬂ% Egtgvto g}fraﬁﬁ%ﬁ%&ee??ﬁeeﬁed

ti ms unpdriddizanie plodjtordritdusyer ot eachacdmpiting resqiros ajpet 1o géneratepaitnunper @sour ce
i a cost co rsi.on factor to each adjusted cost to determ ne

t ; I
ayﬁﬁfrbeﬁ%ggv%{a 8'6%5‘5&9 'BAAS eg%fﬁiﬁ?‘?dsti‘rﬂ%p%” nant um of a universal netric; for

each conput i fag daeﬁm@hﬁﬂtlhg'n@sm@@ﬂWp@t Id@@rmmu@ver@mtm@mm lmfverﬁmm@
units per quantum of the universal

h nb
r esour cEPN§HINES g Predrierpingdime Qer('ﬂr‘r’eWe?qCM? e a‘gf"i’%é)} Cﬁesé’[}FuF&dE‘its used an

appl i cajhitap pre@seriiing @Meadenbeaeﬁu‘co@n@ ©f thb@ef@tewmberrkﬁfrr@swrugmrte papdes,
perlodlcall nltorln usa L each co Utlnﬁ resource tyﬁg to generate a
gantum of the univers I metr for e respectlve omputing resource type; a
generating a total resource consumption by adding the quanta of the universal metric

consumed by the application in the predetermined time period for each computing resource

type.

25 2 The method of claim 1, further comprising:
deploying a new network infrastructure node in the utility computing environment;
for the new network infrastructure node:
determining, for each resource type, an adjusted cost per predetermined time
unit to deploy and operate each of the plurality of computing resource types in
30 the new network infrastructure node;
applying the cost conversion factor to each adjusted cost to determine a
number of resource units comprising a quantum of a universal metric;
for each computing resource type in the new network infrastructure node, generating
an updated average number of resource units per quantum of the universal metric by
35 averaging the number of resource units over the plurality of network infrastructure nodes and

the new network infrastructure node; and
-12-
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resource units used in a predetermned tinme period; for each conputing
resource type, determning a quanta of the universal netric consuned in the
pr edet er voedidi4sB4peri od by converting the nunber of resouraeuniiss used
in the predetermned tinme period according to the average nunber of
resource units per quantum of the universal nmetric for the respective
conputi ng r esettingcthe tayerage anchbge nereadineg uaitd peraguanésoof the wovessatpoeton tdy

addi ng nta of the,universa C in
the pr oheCafaiPRalbr b0DaPrerderdpe HEl wel IR mCublSa 0 gt 696 S,

et hod ufdatddaaverage fumbenef resooyei wits ger qhmﬂtmwahgweaummﬁsmemm kxceeds the
infrastructure node.in the ut I|ty co enV|r r

net wor KYPTAGE SRR o resaihehsate S RRITRESY 8 Pt PRER: by 2 Hrodstmlfd

adj Bst etiresheltl. per predetermned tine unit to deploy and operate each of the
plurality of conputing resource types in the new network infrastructure
node; applying the cost conversion factor to each adjusted cost to
det er m$1e a Thevpethodbf clasolrwieereinithestheesmpldi is 50%. a quant um of a uni ver sal
metric; for each computing resource type in the new network infrastructure

node, generating an updated average nunber of resource units per quantum of
t he uni4er saTherrBtelthcml by claineriagirthgr tcbmprisin@eg"enefatingm adjastedi total ovsourtene

uralit c ure nodes t he new network .

P B fhetiap BT BG arodtog b 15! tHsBuGerong @R Srctiing 38 4 dhvrammentober
guant unfaotor.t he uni versal netric to the updated average nunber of resource
units per quantum of the universal netric when the updated average nunber
of resource units per quantum of the universal netric exceeds the average
nunber &f reBaImMethodniftciaimes, whiersih ihe ehvitdhenental \fegtsatomprises dodaion of the
pr edet er% id hreshold. 3. The method of claim2, wherein the threshold is
50% QrRARFFPIHCYE 1998 m 1 furt her conprising generating an adj usted
t ot resource consunpti on by nodi fying the total resource consunption

i i f act or od of claim4, wherejin the

d
T ora 4 or o PO Sund BERE b opmer RGBS AR OB motie.

6. The faefohod of cl ai m4, wherein the environnmental factor conprises an
over head cost
7. The method of claim 1, further comprising profiling resource consumption of the
20  application by:
analyzing the usage of each computing resource type by the application during a
predetermined profiling period to determine a mean usage of each computing resource type,
for each computing resource type, generating a mean resource consumption by
converting the mean usage according to the average number of resource units per quantum
25  of the universal metric for the respective computing resource type.

8. The method of claim 7, further comprising generating a total mean resource
consumption for the application by adding the mean resource consumptions for each
computing resource type.

30
9. The method of claim 7, wherein the resource consumption is profiled for different

operating modes of the application.

10. The method of claim 7, wherein the mean resource consumption for each computing

35 resource type is periodically updated.
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factor. 7. The nethod of claim1, further conprising profiling resource
consunption of the application by: analyzing the usage of each conputing
resour ce wopelomgstdae application during a predeterm nedprprafazbéongijzeri od to
determ ne a nean usage of each conputing resource type, for each conputing
resource type, generating a nmean resource consunption by converting the
nmean ustge alweomeihog of dainhé father ageprgimper of resource units per quantum of

h I t f t t t ) Th
hathod of | o) SiPEy A, feffied "8 A ERE fans” T Beflo TR, iR el apdh
;:onsurrp%omtuﬁgnrestdu&eappé |tbatutmrna bytmd?hvegsal hetrrmmf su@sd i t7he ;\:Arhed\aanmun?dﬁns

or eac CO resour ce e. . e 0 0 aim ereln e
| osour g B O e R B FeBhropdipe BR e eRrts Pbupitt dE [ e
appls cat i on. géteratihhe report bdseaf orcthaistordd dataer ei n t he nean resource

consunption for each conputing resource type is periodically updated. 11.
The nmethod of claim 1l further conprising: storing data related to at |east

oEe of 1he pAerdoadiu(mldrygrannbrtodua_cbpes@tg@ w‘théueacbtmowupiétn@ syt haeingype,

t he ua e unl ve Il consune | e redet er A e

o o i et Reulk TRl oled BT et T s CRER S Arclutid i on:
and, gepigradtyi digzompbtm%l‘ésob&@?yb&?néé@réd ?Ccﬁiﬂdld@tc?resbactlv_é r@@cmwéi anitsP ftl?@r a][n
roduct operatin In-a utt.ll ut.l n ystem navl n a ural i (0]
Py e RSP Pt e ot ioris g o (i WEr EEn Al LB 1Y o &
pl ur aI | the ppdcee &M brdvillef esour ce types measured according to respective

resource units,  the co ut er ggogram product conprising code, which, when
executed on %nB‘i’%@@é “9(5%@ the processor to provide: a node analysis

engi ne that: det eddtem@ses, ff@ﬂea%ﬁ&ésdu%‘é)lyb@%ri Sd)@ste@Bostdjer Pttt @fiedfhe
predeterm ned tine unit {0 rate lurality of

o] ach of the
comput i ng resourc‘é"'&@ﬂ@gbyé‘ﬁggpgéteae%éﬁ Rekiy 'Ogﬁomaeﬂf&%wre%&meam ust ed

costs t o det er m neappligs BeEt nveRRAFAEST WEdch 2RI st detéivamd HMufibed
uni versal netric; and for each conputi n%tresour ce t generates an

average nunber of © rré%%h‘?%%“'ﬁrﬁoﬂ?“ﬁ’@g af2Rtummei “@'Y@séﬁp‘?}ﬁ? @0 netric by

averagi ng the nunfgeeaéd computing resource type, generates an average number of resource
units per quantum of the universal metric by averaging the number of
resource units over the plurality of network infrastructure nodes;

20 a metering engine that:
receives, for an application executing on at least one of the network
infrastructure nodes, periodically monitored usage of each computing
resource type to generate a number of resource units used in a
predetermined time period,;

25 for each computing resource type, determines a quanta of the universal
metric consumed in the predetermined time period by converting the number
of resource units used in the predetermined time period according to the
average number of resource units per quantum of the universal metric for the
respective computing resource type; and,

30 a consumption enginethat generates a total resource consumption by adding the

quanta of the universal metric consumed by the application in the predetermined time period

for each computing resource type.

13. The computer program product of claim 12, wherein, for a new network infrastructure
35 node deployed in the utility computing environment, the node analysis engine further:
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resource units over the plurality of network infrastructure nodes; a
netering engine that: receives, for an application executing on at |east
one of thwonretwmsii4i nfrastructure nodes, periodically mpoTtcanew/osage of
each conputing resource type to generate a nunber of resource units used in
a predetermned time period; for each conputing resource type, determnes a
guant a of t hdeterminess, Sfal eaeh rresowcondypeedh ithe hhe peteddt dfrastrectutel nedgean od by

por i od SUEPOERD T WA APRERAR MLl gHREehd chatuR BER ST BN ST (e

uni ver sadmpieihg iresouote tybes; r espect i ve conputi ng resour ce type; and, a

consumpt| on egkDal SSRELBL Sa! B Blor SRS oG BBAD RO e

guant a of t R MR consuie e app |ca ion
pr edet eresoured uhitsyeonpEisingda QMnntwa@hamowpnsal mgtricesour ce type. 13 The

conmput er program e&aﬁ%’.t@gf &e%gﬁécrfﬁhé be, 48 ﬁ%%kegoﬁéﬁ{’ﬁ’ té‘oe"&ve%t WOLKmber of

i nfrastructure o g envir nrrent t he node
anal ysi eseurge nait$ yet Iqeantdmt efr thie nadverdad metac by rayemgnrtgethkeyrpﬂnbet dfhresaeve

network 1. fras ruc n. adj ed c redet

1o topl ELNaT s SR, BORS R RSLIEES rBges AREind BRSO astr Bfpee.

applieSnmhﬁaﬁ@st conversion factor to each adjusted cost to deternlne a

nunper of res ce uni ts sin antum of a i ver sal [ic;

Dael Comput | Sede eyt p eEr of Bisarep oSS REr Hellucd ok ey iyB el Ml Gind ©”

r esour Cépdted average guabbrIoT @isotiice units \per gahntomt ofi the ynivevsal agsting whbe theimber
resou nits over, th ura |t of network .infrastructure nodes, and

Che meniReRer esan pbdr it ol s o2 alGHR of md WSSO Bafe hé

resour ca/emasgd AurpbBsr sfuasdudice Qhitd ber quantuen shaithen®iiversal ingettid1 By apstedetdrmained age

nunber Qource units per quantum of the universal netric when the

updat edt é‘?ﬁ@P ge nunber of resource units per quantum of the universal
nmet15 ¢ exceeds the average nunber of resource units per quantum of the

uni vers netric by a predeterm ned threshold. .14. The copputer
ot T Torhe ombutE Biogram PrBELHsI ToRNEisli fHe qatermBRon, Srpd [ enn
adj ust egericpital A0 SAUNISIST CBRE UigBbUred EhsUPPtidry | B0 rhdifyingt e re@pUessurce

consumption according to an environmental factor.

20 15. The computer program product of claim 14, wherein the environmental factor
comprises at least one of location of the network infrastructure node and an overhead cost

factor.

16. The computer program product of claim 12 further causes the processor to provide a

25  profiling engine that profiles resource consumption of the application by:
analyzing the usage of each computing resource type by the application during a
predetermined profiling period to determine a mean usage of each computing resource type,
for each computing resource type, generating a mean resource consumption by
converting the mean usage according to the average number of resource units per quantum

30 of the universal metric for the respective computing resource type.

17. The computer program product of claim 16, wherein the profiling engine further
generates a total mean resource consumption for the application by adding the mean
resource consumptions for each computing resource type.

35
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consunption according to an environnmental factor. 15. The conputer program
product of claim 14, wherein the environnental factor conprises at | east
one of | owet2nowm4sf44t he network i nfrastructure node and aoTaAendy@adsseost
factor. 16. The conputer program product of claim 12 further causes the
processor to provide a profiling engine that profiles resource consunption
Ef t Ee aasp.p: | Tied ic@mpgbe'r_pﬁt@@rbw broglutthef plsmgasofwrgfgh tn@rmqﬁligggerrggm)tumrt ype
y the application during.a pregdetermned profili eriod to determne a
nean us%‘%ﬁ'eﬁf COHEY C@BW].‘JU&'%&J%F @lﬂg@pggoetr%’g me ‘ggg%g%'%tiﬂ"i ng resource
type, generating a nean resource consunption by converting the nean usage
according to_the average nunber of resource units r guantumof th

i ver S5 el GoRBHle; HEod EEp Bt o St g ieEa UPE 0 pe. Shgre fyffrer
conpsit eapdt@gmasn fsedieeicondunsptdnforldachwbsipating teseure tfpel penigdieaiy. ne furt her
generates a total nean resource consunption for the application by adding
t he nmean resource consunptions for each conputing resource type.18. The
conput epp.pr oghaBdrap@etsbg@im slodudnot Blaimvheneieteih ite dralimptiog esgige fuethbur t her

profiles resource cons ion for different operating nodes of th
Dol i cati on. SIS 4618 TEARLIG At 935500 G BthuBEIQHCaLY ATORPEET WhRges Oh aa
profili pgmBirBignesduded H)ps, tHodah@a oMERNUNIRS S Heeric StsufmRH iR thef Sred&@ghined

20. The conput er program product of

conputing resource type periodicall

cl gﬁn 1 ,ewﬁﬁ%foﬁe??%g%ﬁ%%%ﬁo&weé&% A thglptabresowres cg tigny@ddited to at
| east one of géhRates hiresbrcBadel oihe RF&Idatgage of each conputing resource
type, the quanta of the universal netric consunmed in the predetermned tine
period for each conputing resource type and the total resource consunption;
and generates a report based on the stored data.
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