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ABSTRACT

The evolutinn of network service usage can be oonsidered as
being in three -stages, constltuti,ng a u'So.ge IHe cycle. The firsıl: stage
(inoaption) is that of initial Imv .Ievel ltsorg,e. The second (expanBjon)
'is ohCliracterized by mpid growth in usage and is often unstable and
uncontroIled. The third sto.ge (stobility) is a reaetion to the Becond
stage and 'imposes order on usage. Decision making, data collection,
and measurement considereHonıs are exomined for this framework.

1. Introduction

The usage of computer network and commercial-time sharing
systems has grown raıpidly in recent years (see for example [2], [5],
[17] ). Ooincident with this grO'VV1lh has been o ,rise in c'oncarns
expressed about selection and usage of applica-tions ro.n networK
services. Soouritv, ,privacy. and sooial problemshave been cited by
En:srow [8]. [9]. Eoonomic issues for tıhe user's point of view has
bflgun to be examined (e.g .. Lientz [13] ). A number of papers have
oddressed security issues (see for exomples. Lientz and Weiss [10],
[1'5J ). Selectlron and evaiua'tion has been considered in Lienıtz and
Amo!d [141. Very Iittle resea,rch ho'S been direete<! toward the
patterns of U'ser behavior with respect to network usage. It has
been cited. however.O's o ma,jor are·a of inquiry [1], [5] ).

The purpose here is to analyze usage of network servi.ces from
the viewpoint of a user community wiôhin on \',)rganiza.tion. In section
2 o methodologyand framewor:k is developed for the' evolution of
network usa-ge within three stagıes. This is similar to an approach by
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Nolan [16] in defining stoges o·f evt>lution in iııformation systems.
Data collection and measU>rE')ment are discU'Ssed. Section 3 considers
the problems and possible actfons in moving between!Wo of the
stages.

• initkıl t,ight control
• usog'e ba'sed on original oost justification
• hig'h visibility of usage dua to review qn apprcval process
• vendor personnel suppl,y substantial user support
• scmtiny by monogement and potentiol users

Two mocles of behavior have been observed· The firsıl: ts a
stobilizatio'n rn usage. Contr'Ols continue and other patential users
lose interest a'nd do not b(;'lcome users.

The second mode in stage one fs that usage grows. In this mode
the user group moves into stage two (expansion). Seveıral fabtors
can oontribu'te to this betı'aıvior includirlg ~me or 011 of the followtng:

• Relaxation of controls (with little on-going eost justification)
dua to act1'ievemen't af some benefits

2. Model of Network Service Usage

In the pasİ, network usage has frequently been viewed as an
uncontrolla,ble, emfironmental factar to the 'network itself ( [1], [8] ).
Usage is giyen. Then models ottempt to optimize perfol'mance. It is
important to note thiat s\uch models do not consider the behovior
from tl1e user's point ot view.

Cansider a typioal user group. Usage begins with one user
baginıning to use a particular, service for a partjcular problem orea,
Vendors haıv'e developed thousands of suoh applications ,(see
Datapro [2] or Associ'atio,n of liime Siharing Users [3]), We will re
fer to this initiai period as staıge one.

Stage one begins atfer the user has become arware of a network
service. A selection process has 'Occurred. The usage has frequ~ntly

been cost justified on same grounds and approval has been. obtained
from legal, pikehasing. 'and oth,er relevont groups. In ~some orgoniza
tions this is a difficult process. Network services are external, direct
oosts as opposed to internal C'Omputing services. Internol computer
centers mav resist attempts to go outside. Countering this are the
availability of sp'ecialized software .and dato boses. These cannot
be cost-effectively obtained and maintained internally. Some of the
oharacteristics of stage one (inoeption) that often appeor are:
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number of users for the same opplications
Number and type of applicotioıns••• processing cost in same appHco,tions duıe to volume

it has been observed that same applicotions can be very effieient
for low voJume work and yet lose efficianey ropidly as voluma
increases.

• GrO\lVth in number of users of software due to aose of use ·of
package

• Growth in nu1rıiber of users and/of usage of data bases
• Grtwth in number and type of applicdtiorıs

• Increased or continued vendor suPP'Ort to er)couırage more
usage

lt migiht be thol1ght that cost consideratitms cutweigh' these
foctors. However. tha1: is frequently not t!he case. As part of this
research, o survey of users in four maior organizations was conduc
red. It revealoo tha:t responsıe time, ease of use, avoilability of
services, and ronge of services were rated as more im~ortont tha'n
oost.

To same this phenomena moy seem appalling. Atter all. how
could supposedly well managed organizations tolerate this behavior?
There are severo,I possiıble onswers. Same are:

• The second stoge of network usaıge occlJrs very ropidly·
Costs escolote by o multiple over only a f€1W months.

• Accounting proeooures afe weak. Costsore chor:ged to a
varıety of centers with no oggregotion.

• Mana'gement is eonvineed 'Of the importonce of the opplica
tion despite rising costs.

Cnorges for network services can increase by the nature of the
charging procedure. Most timeshoring networks eharge on the basis
of stomge usage, processing time, and connect time. Storage us'og'e
tends to increase unless contrals are e,xerdsed. The number of
programs builds. The omount of data stores for loter onalysjş inereo
ses. In two organizations it was obsıerved t!hot storoge charges
constituted over 50 % of the total bilL. Processing Nme reflects CPU
anel 1/0 usage. This can increase due to the volume of data being
hondled and t,he number and extent of reports. Connect time inerea
ses with the 'omount of output os weil.

The growth in the expansion srage (stoge two) ca-n be marac
terized by inereases in same or 011 of the f~IIO\1Vi,ng :
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• acquisition of o user controlled minicomputer
• migration of work to lorge intemo-I computer center
• migration of work to another netwoıık service
• reduction in usage and use of deferred processing and

volwne discounts

Of these, the usuo;l response is one of the last three. The
acquisition of o minicomputer can be a major capital investment.
Mony more restıurces mav be· n<eed.ed than with o' network service.
However. the other- migration options can i-nvolve conversion and
startup costs. The problem -effen 'occurs that there is insufficient
time and> manning for decision making. The next se-otio·n (section) 3)
addresses measurement and decision making to alleviate this prob

lem.

The th-ird stage, stability, is charo-c1erized by the follbwin-g :

:.~ meosurement tools in place

To h.igligi,ht the first point in one fintancial application. costs rose
by ofoctor of 7 in one month' from o base of $ 2500 per month.

The expansion stage (sto·ge ~o) can be seen os unstable and
ropidly growing. There is apoint ot which th~s ·bettlmes a manage
ment concern. Efforts are then mode to change the situotion. The
third st0ge occurs os control s and metıhods make usage more sİ-able.

Usage moy sti·1I increase. but at a slower more controlled rote.

There me several- woys to traverse from stoge two - - expansion
to stage three - - sto'bility. Some vendors recognize this problem.
Th.is is one of the reasons for vendor discountiıng bosed on volume
usage. Some network service vendars also offer djscounts for deferred
or delayed prooessing. However. these 'Vendor options can serve to
mere·ly mask the underlying pfoblems.

The problem <:ıreas oharocterizi·ng .1'l1e I,otter part of the expansion
stoge can include :

• lack of monitoring (md control
• 'absence of measurement (lnd evaJuation of usage _
• . use of network services for non'Organizational purposes
• overuse of network serv·ioes for organizational purposes of

peripheral interest

The availabl·e options faoed by mDrogernent are· mony. Several
are:
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In the remainder of this section we present s'Ome examples of
s·ituaıtions their oEl!ıavior during tlhe usage life cycle.

The measurement and decisio~ making during the second stege
is of partiouıor interest and i~e examined in seetian 3.

To summarize, a model hes been pre·sented for the usage life
cycle for network services. The mode·1 is comprosed of three -stages,

1. . inc~tion - few oppHcations, tight control
2. expansion - multiple applications and users, lock of contro'l
3. stobUity - slow grawth or stabHiy in usage, control r-eimpo

sed.
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Example 1 : A financiol group began using a network service.
The seN,lces included a finenc~al planning "Ionguage~'. The systems
used C'O'uld be cotegorized as decision'-support in nature. Costs rose
in six months from lass than o, thousand döILms per montih to seven
thousO!nd per month. The group decided to replace the network
service with o desktop minicomputer. Development and conversion
costs of the transfer were pald bock in less than o year.

Example 2: An accounting group was using service X. In a fOur
month period usage -and costs had more tha'n tripl'ed to over $ ŞOOO

per montth. An investigatiion reıveuI'ed that starage- usage could not
be sU'bstantio~ly reduced. Storage costs consumed over 65 % of
the mothly ooorges- The group wfı'Dse software was written in BASIC
migrcated to anotıher service Y with o much l'Ower starage rosİ.

Example 3: A mothemati'oal mode-Iiflg group was accustomed
to using a network service organizati011. The services of the intemal
computer center were rejected due to difficulty in use for nonprofes
si'Onal programmers, lack of avoilability, and respense time. The
group hired o iun~or progr<ımmer who was famillior with the internal

• managemem control and .requirements for -at least inforımal

cost-j u$tification
• reduction in costs through more efticient applicaıtiofls and

manogement procedures to reduce storage costs
• heightened owareness of cost~

In this 5toge, t!he number of users and type of applica:tit>ns are
re!atively constant. There stili mav be some growth in costs. Hovvever.
it is due to ·Increosed venodor ohorges 'and modif.icalion of user
demands.
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3. Trode-off AnClJvsis Stote Two

This section consjders the proıblems o~sociated with moving
from stage two to three. Tıhe feasible tılternotives for o given sitootion
depend on variety of organizotionol an.d system foctors. The renge
of a.Jternatives cO'l,Jld incltıde the following :

• acquire minicromputer and transfer systems

• transfer to an internal large/medium computer

• tronsf.er to another networ·k service
• reduce and/or ohange uso:ge, but continue with the same

netWork serıvice -
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The four examples, drawn from thre,e companjest demonstrate
~he r'ange of responses to ttle problems occuring in stage two. In 011
but one case there 'wos no measuremem: and decision-ma:king
Instrument in place. I·n these oases the crisQs in cOS'İ-awareness and
cost escalation coused maior dislocations in the user groups. In the
one case where o migratian to dn internal mini-computer was f'ore
seen, the measurement and decis'ion-making proce,ss was oriented to
the timing of the migration and scheduling of applications to be con
verted. The methods presentBd in section 3 were employed in this
case.

These aoltematives çıre quite different in terms o·f costs, impB
cations on so/stem eanversion, and other foctors, This points up the
need for trade-off onalysis.

The definHion a'nd measurement quest;ıon 'nvolve identitYfng

early in stage two (or t>ne) the reasonable alternatives. r:his frequently
is part of a feos'ibility stU<1y to justify the use of network services.

Cost information is 'available. Estimates can be made on system

performonce and later canversıon costs.

time-s'htıring system. Since all requests were ehan'neled through, tıhe

programmer. the grou.p was alm'ost indifferent to the service
used. Tre programmer migrated the appHcartions to the internal
computer center.

ExampJe 4; A personnel department used a time-shoring network
to handie reporting from a large data base. Reorganizotion occurred
at the same tjme stage two eosts were increasing. The use the
service wa'S stopped completeJy.
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During the first two stages the fqllowing information can be
obta-ined and recorded:

• cost schedule of currently used service
• usage in each monthly period by _user idenhfication and

type of use for processing time. conınect time, and storage
of programs and data

'. performance of the system in terms of response time.
personnel and troinin\J support, and otheı foetors

'. support costs for terımi1na'ls and telecommunioations

The next step is tt> develop and apply o method for 'using this
information for deeision-support. The method we develop here is first
posed as o stoch1astic process witlh aın objective of analyzing first
passa:ge time and obtaıining optimal s~oppinıg rul'6s. This can be
loealizsd to Markov cha·iıns.

For conven,ience we define the f'Oltawi'ng variables :

time period (usuaııy a month)

index of alternotirve ovailaıble

index denot;ng {] single oppHeation (this can be
Ioealized to a particubr user group for a sıingle

, application)

Uijt usage of opplieations i on service i on period t

C(Uijtt Cijt(U) - east of using applieatton i, service i during
time t wi-th usag.e Uijt

TCijkt ,- peritOO amortiıed transfer Cust for appfication i from
service i to service k during time period t

As discussed eartie'r thesequantities con be ccllected a;nd
acoumul:aıted from actual use or estimated usi~ the earlier onatysis
and benchmark eomparisons.

lt can be seen that usage ina giv~n period is a random variable
with an unknown distribution. Howe'Jer, the dlstributi'on can be es
timated using past patterns of usage and time series an!alysis. it can
also b,e observed that the time intervals are -discrıete, Define Nit(u) by

Nil (u) = ko where ko gives the min~mum of

~C(u) and in, ~C(u) + TCijkı

s ijs k s iks

s>t k*i s>t



compress the time durotion of the f'irst stag,e. The second stoge of
expansion is seen os dynamic, only partially controlled growth in
network usage. The third stoge of StubiHty r-epresents o period of
tighter user control and maturity. Tfıe model opplies to timesharing
vend~rs os well as seıvices ciffered by different vendors through o
network. Data cölleütion and measurement problems have been dis
cussed, A math.ernatical appraach has been formulute<! for. the prob
lem of moving between stage two and t'hree. Much more remains to
be done. Controls muıst be developed ea1rlier in stage !wo. Providers
of network services should c'Onsider meons of helping users goin
tighter controlover their usage ,oınd pertorm trade-off analysis. The
realization of the life cycle should be embedded in the evaluation

. of such :application such as decision support systems.
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