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A system is dcfincd as a "regularly interacting or interdependent group 
uf itcrns forming a unified whole ... as ... : a group of ,interacting bodies 
under the influence of related forces .. ." (Webster',s Seventh New Collegíate 
Dictionary ( 1967 J.) A personal health services systern consísts of interde- 
pendent elernents, such as physicians, nurses, facilities and other resources, 
that interact under the inf.luence of diverse forces with the community 
they serve. 

The elements of any health services system can be grouped in sub· 
systems that depend on the criteria for the grouping, e.g., first contact 
care or •prilnairy medica! care, speclalést care or consultant medical carc, 
com.munity hospital care, teaching hospital care, etc. The terrn subsystem 
is ünterchangceble w.ith the terrn devel or state of care. 

The state of a health services system oan be defined by the valúes 
·of those variables that describe its elements, e.g., prevalence of a parti- 
cular disease, available hospital beds, etc., as well as by thc process of 
transformatíon ~n · the system whereby ínputs are translated into outputs. 

The input into each state can be measured by the mamber of enteles, 
i.e. persons or conditíons, as determined by the actual "dernand" or "need" 
for services. The pararneters that define these tnputs will depend on the 
onitenía used .to define such ennities as dísease, disabsléty, and disoomfort. 
(White, K. L. "Improved Medica! Care Statistics and the Health Services 
System." (1967).) 

The output of each state can be measured by the number of dischar- 
ges or outcomes. Alternative outcornes might include dead or alive, disesaed 
or recovered, · dísabled or 1fü.t and unoomfortable or cornfortable. · 

The throughput represents the movement of patients through the several 
states of ·the system, This movement within the systern can be within the 
same subsystem, í.e., a transfer, or between two different subsystems, í.e. a 
referral. 

Transfers and referrals document the movement or flow of people. 
within a health services system and tJhe dynamic rrelationships among its 
different states and units. The series of referrals and transfers experienced 
by each patient defines his utilisation experience and reflects thc utlllaatJon 
strategy. (Reinke, W. A. Quantitative Decision Procedures. (in press) 

• 

SUMMARY 

A M,ukovian planning model is described as a too! Ior predícring re- 
quírernents for resources, for calculating changes in those resources in 
slmulatcd situations. and for esti.mating the optimum alternatíve for the 
eonstraint choscn to reach a specified goal. A practica! example, deseribing 
thc planning of personal health servíces for patients with cardiovascular 
dlseascs, .illustrates the three applications of the model. 

• 1 .. 
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This model is based upon the Maokovían prooess, (Loéve, M. M., 
Probabaity Theory. ,(1963); Bartholomew, U. J., Stochastic ModeJ.s lor Social 
Process. (1967); Kemeny, T. G. et al., Finite Markov Chains. (1960.), corn- 
monly used 1n system analysis, TMs is a procesa In which the health sor- 
vices states are ,pos~ulated and the 1pndbaibHities of ,going írom one state 
to another, called the transiuíonal :probaibilitiies, detcnrníne the nurnoer of 
people in varíous states over a poriod of time. (Navarro, V., "Planning 
Personal Health Services: A Markovían Model." ( 1968); Navarro, V. et al., 
"A Planning Model for Personal Health Services" (1968); Hope, K et al., 
"Patients Flows in the National Health Services: A Mar,kov Analysis." 
(1968).). 

In ,the ,presell!t aipplioation the essumptkm ÜJs rnade that every person 
in .the populetíon of a deñíned ,geographicail region is characterised as be- 
longing to one, and only one, of scveral mutually exclusive states of a 
health service system at any point in time. (Fig. 11). 

The healrh servíces states shown in Fig. liI have ,been choscn arbi- 
trarily. The state described as "Population not utilising medical or hospital 
care" imoliudes alJ ,pers'OI1JS who are not in any other state. J.t includes hcalthy 
persons as well as sick porson,s who are not umder anedical care in any of 
the other states, ,P,r1mairy imedioa1l cace, consultant medical care, commundty 
hospital ca:re and aeachíng nospieal care states contain people rcceivíng 
these levels of care irespeoüively. The number of states oou1d ,be extended 
by addéng other states of care as well as diff erent undts withín each state. 
The síze of the rnodel oan ibe extended ,in acoord with the cornplexuy and 
comprehensiveness desired and the availability of usable information. The 
populatíon to be exarrained can ,be defined by dernographíc and/or epidernio- 
lQ8ica'l critería. · 

In F,ig, lI to say that in2 equals 20 pensons rneans that at thís enoment, 
t - O, nhere are 20 persons under prímary medicaí catre. 

The Iractícns of the 1pqpufation at each ·state, at d1i1ffere.111t time pe- 
ríods, •Pt ,( t), equals uhc ruember of people in that health services state at 
thait time, in1 ( t), divided by ·the total number of ipeoplc tin ;the iregion se~vecl 
by the syist.em at ·tha:t time, N (t). 

For ,a :stationa•ry Mankovtiain chaiin ain,alys,i,s, the •tirans:itional 1p.robabili,ties 
of go~rug ,.6rom one stiatc ,to another iduiring the ,fundamental time perioo 
must ,be caloulated. The 1t-ransiotiJo11:a1l 1probaibii,Hty, P1¡, ·eq,ua'ls the niumber ,of 
people, n1¡, who are t·nms,fer,red ifirom s.tate i to ·state j duri,n,g ·the def.ined 
time 1periód, di,vided hy ,the numlber iof 1pcople, n1, ~n st>ate :i a,t thc bcg,innia1.g 
of that pei,i,od. For emmple, i•f .n4, the niumber of people .under oommuoity 

DESCRI,PTION OF THE MODEL 

The throughput of the entíre system can be defíned as ,the t.otality of utili- 
saeíon strategíes for all ipatJients. (Fig. 1). 

The rnethod of 1planning ¡pres~nte<l below requíres kmowledge of the 
interna! relationships among a system's parts and therefore requires in- 
formation about the static aspects of the system, i.c., enumcration of 
the system's parts and thc measurement of thcir activity, c.g., the number of · 
services províded, and about it,s dynarnic aspects, as reflected by ,1nfor· 
mation about the ireferrals and .trainsfers. 
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Siimu1la:tliJOn ,ÍnJ\IIOIJVes observation of changes in the health services 
systern and the repercussions of those changes on present and future 
utii,li:s•atii,on :anld ,resouroes. The ·i•niputis of the model aipplied ,to ~iimulatJion 
are the firactions of the populat'ion curre111tily in each ,state and thc new set 
of transitional probabilities that reflccts simulated changcs ·.in ,the system. 
The outputs are the new paHerns of utilisation determined by the changes. 
Since the pPoductivity of the resources is known, these new fractions in 
each state can be translated into a new set of resources. 

SIMULATION 

Predtction :is the ordinary stanist'ical problern of Iorccastmg. At the 
simplest leve} it involves extrapolation of past experiences into the future. 

In the rMair.kovia.n rnodel, when the t.mt1JS1i'tJiJOn,a1J probaib11:1ties are known, 
prediction 'is ipos1silble when only it·hc iniitfal fraotíon of thc ,populatiion in 
cach state :Írs 1k,n1own. (A1pp,end,bc 3). Pred'iotion írwolves caloulating the rfrac- 
tiions of the populaüon expected .to be 1i111 the several health servíces states 
at different -time períods in the future, The ii1I11put•s for thi:s rnodel of pre- 
diction aire •the 1kniown ounren t firactions in each state and the transltlonal 
probabílity rnatríx that reflects the dynamios of the system, The outputs 
of the rnodel arre the estirnated Iractions of the ,populn.tiion in each ·state 
at diitforent .tirne penlods iin the ,r.utrtt•r,e. lf the productivity of ourrent re- 
sources is 1].mown :it ·is possible to estimate the manpower and facilities 
requíred Jn each state in the future. 

.. 

APPLICATIONS OF THE MODBL 
PRBDICTllON 

hospitaí cere at a begirming ,poimt tiin ,time, is 200, and n45, the number of 
referrals from oommuraity hospital care to tcaching hospital care measured 
in the week ,that follows, :i,s 50, then ·p45 = 50/200 = 0.25 . is .the .measured 
transítíonal iprobalbility per week of going from oommunity to .teachlng 
ho sp í,tia:1. 

This transitional probability denotes the probability that a person 
who is in s·tate i at the beginning of the defined time period will go to 
state j duríng that períod. Thus it defines the movernent 'of people within 
the system and ,refJeots functíonal relanlonshíp Jé\1Il1'0ng the states ·(Table t ). 

Table 1 presents the traneitional ,probS:bfü,tes Ln the described rnodel. 
Each transitional ¡proba.biHty represonts a f.low between two diff'erent health 
services states. 1P24, tfidr i•nstiance, ,rcpresonits the -probabiléty that a person 
is in the ,primairy rnedioal care state at thc 'h~ginnin,g of the choscn time 
períod and goes to the state of cornmunity hospital care durirrg the tpertod, 

In itMs rnodel P¡¡ ·~s taken .aJS ·k•rnown. I1t ·i,s determíned from :inrfor- 
mation albout 1refenmls withén the system. (Appendix 1). 

If the fractíons of 'the popularíon dn clilforcnt health servíces states 
are iknown ,anid •i,f the 1pairam·eter.s .that define 1)}!'10d'llotivity are known, the 
rnanpower and fadliti.es .requíred can be calculated, {Aipipen.dix 2). 
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The .fol,Jowing .two tables Hlusnrate rhe iin1pul1s for t he prcdict.ion rnodel. 
(Table 2) Table 2 ,presents the transltional probability matrix, rcpresenting 
aJll possjble ,f.lows arnong the health servioes states 'in ·thiis munenical 
exarnple. 

In tihi,s rnatnix the referrals from ipriman-y ,a,nd oonsultaut rnedical care 
aire the transítlonal prdbaibhliities ·for three rnonth 1per.iodis ain1d those from 
community ,and tcacMnig hospi,tal caire a.re daily t11an1sitional prnbabfüt·ics. 

PREDIC~ION 

Thios exarnple deals wíth thc aipplicail'ion of thc M~,rkovian modol de- 
scrrbed ,to the plann1Ili8 of 1pe11sonia.l health servíces for .pauients with candio 
vascular di:seases ,(390-458, Intennatlenal Olassifiíoation of Dlscases. World 
Health Ongandsatjon/Health iStatiistfos/ Eighth Revision) al the levels of 
prima•ry medioal care, consultant rnedical oare, oornmursiry hospital carc and 
teachíng hospital oare for a hypothetdcal ,re,gi,on w.i.th a 1roptulat1i:<.m of t wo 
millíon people .that 1i1s Inoreasing at an aMl/u.al rate of 1.2 per cent. 

The "Population not utilising medica! or hospital carc" in this exarnple 
íncludes that fraction of the total ;popul,a,tiion not under medical or hospital 
care assooíated with oerdiovascelar diseases. 1It •i:ndudes ipeople with un- 
treated cardlovascular díseases as well as people without these conditions. 
The prímery medica} care, 0001&uHant medica) care, community hospbtal 
care and teachmg hospltal care states ,i,nolucle people .receiving each of 
these Ievels of care because they have a diiagnorod oandiovesoular disease. 

THE MARiKOVIAN MODEL AIP.PUED TO PLANNING 
FOR CAR.oDIOV·ASCULAR DISEASES 

Goal-seekíng involves determining that altcrnative which muurmses 
"costs" or "changes" in resources, required to achieve, in a given time 
period, specified utilisation patterns or specified needs for rcsources. 

Tibe !inputis of the Markovían rnodel in goal-seeking aire: the present 
fraotíons of the populatíon :in each state, the desired future steady state 
Iractíon 1in each •s·tate· (or the desired number of resources in a particular 
state), and the selected constraint, e.g., a cost constraint, a resourcc 
oonstraint, etc., 1that the alternaníve specified mL11St meet. The problem is to 
choose that alternatíve, deñned by a nransitional probabillty rnatnix, which 
w.i.H rninímise thc constreínt selectod. Aotually thorc w.ill be an i111fini1Lc 
rwmber of 1pos.sible alternatives 1in igoi,ng Irorn the .present level of 'lltiH-. 
sation to one desired in the future, but only one alternatíve will minimise 
the constraint selected. For ·instance, if the constraint is "cost", then the 
alternative chosen will be the one that minimises the cost of going from the 
present to the desired future level of utilísatton. Another cxarnple of con- 
straint might be "mínímisíng changes", and, in that case, thc alternarivc 
chosen would be ·the one which would require minimal addit ional rcsourccs 
for each health service state at dífferent future time periods. (Fig. 111) Fig. 
111 illustrates the three applications of the Markovian model, 

GOAL-SEEK:I,NG 
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Slrnulation conslsts in .studying the repcrcussiorrs thal changos ;in ,the 
systcm, associated with changos ·iin thc t ransit'lonal ipr-oba:bility rnatnlx, have 
on -utili1salii-on of hoalth sorviccs. and thc conscquont ,rcqu+rcmcn,bs 1in nc- 
solux:cs at «llfforont time peri.oc.lis. · 

For cxaruplc, supposc t hat as a rcsult of a proposcd mass scrcening 
prograrn for cnrdiovasculnr disensos. thc nurnber of persons with these 
discascs cntcring thc prirnary mcdicial carc statc during onc year would 
doublc and thc numbcr rclcrrcd fo1· consultunt medica) carc would incrcase 
hy a quarter, Sincc the hcal th scrviccs systcm is rcgardcd as an inter-dc- 
pcndcnt wholc uathor uhun as thc •Slllm of .ibs indepcndcnt statcs, an adrni- 
nistrator responsible Ior thc hcalth of thc pupulation in this región might 
ask ,f\Jtr an esrirnatc of the .ropercussions thds chango would havc on the 
-utJiHsat1ion of thc verious 1hea11t·h scrvlces states ~11n,cl on t,hci1r ·resource requ.i- 
romcnt,s. 

Thc 1s·i,t:ual'ion 'i's •siimulatcxl i•n thc Ma.nkovian model iby multirplying the 
tranis'Íli'U'nal 1probahiliity of ra ipa:t'icn.t with ca,11diovasc.,uk11r tdi,scase going from 
statc "Population not utilising medica! or hospital carc" to statc ,,Primary 
mcdical carc" by two and the t ransitional prubability from the statc ".Po- 
pulation not utilising medica! and hospital care" to "Consultant rnedical 
care" hy five-fourths. 

Thc output of' the simulation modcl in this application is thc estimated 
utilisation i.nidic.at<xl 1hy thc ,ncw kact.iu,n,s ol' thc populaliion jn cach hoaHh 

• 

SIMULATIO.N 

The data on flow from the "Population not utilising medical or hospital 
care" aire annual trensitionat 1probaibilrities. The use of different time periods 
retleots the ditfioulty of obtaíning adequate data but does not impair the 
logic -supporting the model. ,(Taible 3) 

Table 3 :i1Llustr.ates the empsrical estimates of the initial fractions of 
thc notal 1popula1ti.on dn each of the health services states. The empirical 
estirnates ,presente.d in this mumerical exarnple have been adapted from 
different sources. (White, K. L. et al, "The Distribution of Cardiovascular 
Dlsease 'in the Communhy" ·(1963); Scottish Hospital .Jn .. Patient Statlstics 
1965, Seottish Home and Health Depantmcnt, 1967; Mir11istry of Health and 
General Register Office, Report on Hospital •J1n~Pa:tiient Enqu'iry Ior thc 

· Year 1960; Densen, P. M. et al, "Me<lical Care Plans as a Source of Morbi- 
dity Data" ·( 1960).). The data are rncrely 1i,HttS'brativc and no signiffcance 
should be attached to thc particular rrumbers used. 

Thc outputs of the model are ·thc Iraot'ions of pcople that are calcula- 
ted to be í,n uhe dif'íerem hcalth sorvlcos states at >(l,iíro1·cn,t uime pcniods. 
Jf these ñracrions aire known, the rcqubred .rnanpower and facility resources 
for the ,tot,a:J popufation oan ,be oalculatod, ·(Fi,g. IV) 

The unbroken .J1i,n,c :in Fig. IV shows the ,prcdicte<l numbcr of physicians 
in prímary and consultant medica] carc requíred for the exclusive care of 
cardiovascular conditions in the above-rnerrtioned population. (Fig. V) 

The urebrrxken ,J'ine in Fíg. V shows the predlcted murnbor of community 
and teaching hospital beds required for the exclusive care of cardiovascular 
conditions -iin the same ,populatJion. 
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Goal-seekíng seeks to determine the altennatrve which w,i.M rnirrirnise a 
given constraint in order to reach a specif'ied goal. 

In the health servíces system desoríbed, plainini,n,g services for the care 
of patients with cardíovasouler díseases in the hypothetícal reglon wlrh 
two mi.Jl1on people rníght ínclude the goal of doubling ·in ton yeers the 
number of patíents with candiovascular díseases under pnimary care, while 
utiilmsa'tion of other Ievels of care remaéned the same. It might also ,include 
the .klnowJedge that there will be a few addítíonel .resources avaHruble ait 
that time. The responsrble admírrísteator might ask how currcnt resources 
should be utU~. a,t <l:Ílfferen.t tÍJme 1per,iodis, to reaoh the desíred objective 
in such a way rtha.t mÍln.Ílrnal adoiuional resources ,a,re requércd. In other 
words, the problem Is to choose the utltisation strategy that will mínirrrise 
chenge ,in ourrent resources to .reach the specified goal. 

In goal-seekíng, the input to the model is current utilisation, defincd 
by ourrent fractions of the popolation in each state, desarcd utilisat:ion 
during the time designated, and the utldísatíon 1pa,ramelers. iA. furthcr i,111put 
in the goal-seelclng model ís ,the constramt that rnust be minimised by othe 
alternative chosen. 

The output of the model would he the optjmum utttisatíon sarategy. 
at different ríme iper,iods, that wiil reaoh the specifíed ,goal with uninirnurn 
change In ourrent resources. 

The dotted l:iine dn Fig. IV shows the caloulated nurnber of pnímary 
and oonsultant rnedical oare physícians required, at differeot ti.me iperiorls, 
in order to meet •the goal presented in the goal-seeking model. 

In Fig. V, the d.otted ~·ine 1ShOW5 the oalcolated mumber of oommunity 
and teachíng hospital ibeds requúred, at ,cl,i,fiferont Hme 1periods, ,to meet the 
gi<ven ,goal. 

GOAL-SEEK!ING 

servíces state at di.fferent 1t,iune 1periods. This new set of fractions will de- 
termine the new set of ll"equiirements. 

The broken Unes in Fig. ,IV reñect the new manpower requíred as a 
result of the simuJated situaníon. 

The broken Iines in Fíg, V refdect the new facili.ty requirernents in the 
símuíated situatíon, 

The simolated Jll&S5 soreeníng for cardlovasoular diseases rnentioned 
ebove .in the population of two anilbion people would require, for i.n1S1ta111ce, 
at .tihe end of five years the fu].)l(V\Wln,g additdonal rnanpowor and f'acility 
resources for the exclusive care of patients with those oondltions: 68 more 
prlmary care physlclana, elght more speclallsts or consultants, 976 more com- 
munlty. ho&pltal beds and 172 more teachlng hospital beds. 
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Let, 
T1 be the fundamental tlme interval over which the transitlonal probabllí- 

ties PIJ, j = 1, 1 should be cstlrnated, 
SIJ (T1) be the probabllity of going from state i to health state j during the 

time interval T,, 

00 q¡¡ 
L1 = l:d·P1 [L=dl =--- 

d=O l-q;1 
(1) 

and rhe average length of stay L1 is ,givcn by 

P¡ [L = d] = qd1; (l -q¡¡) 

Estlmatlng Pu the Probabtllty of Golng from llealth Servlces 
State I to State J Durlng the Fundamental Time lnterval 

Let q¡¡ be the probability of going from state .¡ to state j during a time 
mterval 'of one day, and [et P1 [L = d] be the probabllity that the leng·th of stay 
in health services state .i is exactly d days. · 

Then, 
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is the nurnber of vlsíts per entry at state I, YI 

P1 (t) 

N ('t) 

is the required number of physiclans for state i (as a Iunc- 
tion of tlme t), 

ís the fractíon ~n state i at time t, 

is •the size of population base, at time t, and deterrníned by 
the rate of population growth, 

is the average Iength of s·tay in health services state i and 
is equal to the fraction qu/(1- qu). (q11, daily probability of 
·remaining dn stete d), and 

L1 

where, 
R)u, (O 

1 

----- xy1x36S 

AlPPENDIX 2 
Calculatl.n¡ llelourcea R.equlrementa 

Knowíng the heakh services state fractions P1 (t), the manpower (MD = 
phjsicians) and facifüies (BBDS) requirements are calculated from formula 
[S and [6]. 

Pi (1) · N (1) 

01 
Rwo (t) - --------- 

1 
(S] 

and PIJ ·is the probability of going from state j at the b~inning to state j at the 
end of the Iundamentaí time [nterval, which has here been taken as one year. 

Pu 
Pu 

where 

Tes O'" 

P11 J . 
P11 

Pn · Pu 

Matr-ix T Is then glven by, 

[4] 

Q11 
Qu 

( 

Qu 
qll 

_q11 
0= 

Let matrix a be defined by, 

Q1( ) ::: . Qh 

Qil = 1 - l: q¡¡. 
j =+= i 

for i =+= j, anc 
[3] 

[2] 

and au (T1) are the empírícal estimates which are input to the models, then, 

ªil (T1) 
q¡¡=--- 

T1 



171 

P (n) = P (O) T», 

Sirnilarly, 
[9] 

P,, 
Pu 

( 

P,, 
P,, 

Pr, 
T= 

P ((J) =·P, (l), Pl(l), , Pi(l)) 
P((O) = P, (0), P2 (O), , P1 (0)) and 

wherc, 
P (1) == P (O) T [8] 

where i = 1, 1, denoting the total nurnber of health service states as I; i. e., the 
probab.ility of being .in sta·te ~ at ·time ,1 is equal to thc probability of going from 
statc 1 to state ·i during the time ,interval multiplled by thc probability of being 
in the Iirst state art time O, plus -thc probability oí ~oing from state 2 ·to state I 
during thc time interval rnuluiplied by the probability of being in the second 
state at time O, cte. 

If matrix notation, expression [7] ris given by, 

P1 (1) = ,Pu P, (0) + P2; ,P2 (O) + ... + P1,1 P1 (O) [7] 

:AIPPENmX 3 

Cnloulathig P1 (t): Fractlona of the Total Populatlon 
In Health Servtces State i, at Time Perlod t. 

In the Markovian model, 'if the transitional probabiliUes PJJ are known, 
then the predíction problem can be solved knowíng only P1 (0). 

If t = 1 week, for ·instancc, •the ñraction of the total population in state 
.¡ at the end of the week would he equal to the nurnber of people staying In that 
state during the week plus the new entríes from thc other states, 

For, 

where, 
F; Is the occupancy desired al state d. 

F1 
[6] 

requíred for state .i per year. O;, thc denornínator, is .the average physician Ioad 
factor or thc number of vísits at statc i per physician per year. 

Similarly, the requlrernents for bcds is calculated with formula [6]. 

P¡ (·t) · N (t) 
Ru1ws (t) = ------ 

x y¡ x 365 ·is the number of visits 
L1 

IL rnay hclp t~ claríty this formula if P¡ (,t) · N (t) ,is considered to be pre- 
valence. Prevalence is then, . equal to number of en tries, i.e. incídence, per day 
multiplied by the average Iength of stay. 

P1 (t) · N (•t) 
Altogether the nurnerator 

is thc number of entries •to state i per day. 
P1 (t) · N ('1) 

L1 



-. State of medica! and hospital care 
j STATE Population 

not ufilizing Pinimary Consultanl Commu.nity Teachi~ 
iSTATE~ 

medicalor medical medica! hospital · hospit 
hospitaí care care carc care 

car e 
State of medica! 
and hospital cere 1 2 3 4 5 

Populalion not 
utilizing medica! 
or hospital care p,, Pu Pu P,, p,, 

Primary medica! 
caro 2 Pu Pu Pn Pu Pu 
Consultant medica} 
care 3 p,, Pn Pu p,. P1, 
Community hospital 
care 4 P., Pu p., P,1 P., 
Tcaching hospkal 
carc 5 p,. Pn p" p,. p,, 
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T,ransltlonal probabllltles 

EACH TRANSITIONAL PROBABILITY REPRESENTS A 
FLOW BETWEEN TWO DIFFERENT HEALTH SERVICES STATES 

TABLE 1 

The constraint [ 10) assurcs the solution, reterring pattern, T has the desi- 
red stcady state of hcalth services utilization P (tX>). The minimization involves 
ñrnling that ·rcfcrrail paucrn T which comes closcst (iin the scnsc oí' wcighted 
distance) to a given actual refcrral pattern Tº. The tcrrn "constraint" has becn 
uscd in the text in sorne instances in place of "objective function," Ior purposes 
of cornprehensibillty to the non-mathernatical reader. 1t is hoped that this flcxi- 
bility of nolation will not cause any confusión. 

p ("") = p (°"') T 
subject to, 
[ 10) 

I I 
l: ~ W¡i (Pii - Pº¡i}2, 

i=l j=l 
minimize 

where, 
P (n) = (P, (n), P, (n), ... , P1 (n) 
Thus, given P¡ (0) and Pii one may calculate P¡ (n) using the Markovian 

assumption. 
In Simulation, a similar approach is used. 
In Goal-seeking, a quadratic programming approach is used. Thc problem 

solved is: 
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----- 
Population 

Teachinf not urilizing Pnlrnary Consultant Community 
State of medica! medica! or medícal rnedical hospital hospita 
and hospital care (i) hospital car e care car e caro 

care -----· 
2 3 4 5 

P1 (0) .9621 .0273 .0037 .0043 .0008 

Inputs Jn the predlctlon model 

INITIAL FRACTIONS P; (0), AT STATE i, FOR CARDTOVASCULAR DJSEASES 

TABLE 3 

TA.BLE 2 

lnputa In · the predlctlon modeí 

EMPIRICAL ESTIMATES OF THE TRANSITIONAL PROBABILITIES 

. State of medical and hospital care • 
j STATE 

Population 
not utiliz.ing Pirimary Consultan! Community Tcachinf medicalor mcdical medica! hospital hospita 

hospital car e carc e are care 
car e 

State of medical 
and hospital care 2 3 4 5 

Pof¡ulation not 
uti izing medical 

.923 .035 .004 or hospital care 1 o o 
Primary rnedical 

2 .324 .552 .076 car e .044 .008 
Consultant medical 
care 3 .528 .242 .182 .008 .032 
Community hospital 

.073 .054 .054 care 4 .800 .016 
Teaching hospital 

.115 .098 .044 .662 car e 5 .077 
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8. 4 vi1it1 per entry to Primory Medico! Core 
4 doy1 per entry to Community Ho1pitol Core 
4 doy1 per entry to Teoehing Ho1pitol Core 

A. 2 vi1it1 per entry to Primory Medico! Core 
3 vi1it1 per entry to Con1ultont Medicol Core 
3 doy1 per entry to TeochinQ Ho1pitol Core 

B. INPUT>--- 

PRIMARY CONSULTANT TEACHING 
MEOICAL MEDICAL HOSPITAL 

CARE CARE CARE 

M fv'..A /N\ ., OUTPUT 
(RECOVE RED) 

PRIMARY COMMUNITY TEACHING 
MEDICAL HOSPITAL HOSPITAL 

CARE CARE CARE 

OUTPUT 
(DEAD) 

A. 1 NPUT )>---- 

UTILIZATION STRATEGIES 

figure :t. 
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TE;ACHING HOSPITAL CARE 1-------~ COMMUNITY HOSPITAL CARE 
n~ "4 

CARE 

POPULATION NOT UTILIZING 
MEOICAL OR HOSPITAL CARE ", 

STATES 'ANO FLOWS 

Figure Jt. 

r " 



P. (t) 
1 

SIMULATION 

GOAL SEEKING 

P¡ (O) 

PREOICTION 

P¡IO) 
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P.(O) 
1 

GRAPHICAL REPRESENTATION OF PREPICTION1 SIMULATION ANO GOAL SEEKING 

The encircled elements ore the outputs, the uncircled ore the input,. 

: 

Fiourt m. 
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MANPOWER REOUIREMENTS IN PRIMARY ANO. CONSULTANT 
MEOICAL CARE 

Prediction (-), Simulotion (---), Goal Seeking {•••••) 
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HOSPITAL BEOS REQUIREMENT IN COMMUNITY ANO TEACHING 
HOSPITAL CARE 

Prediction(-). Simulotion(·--), Gool Seekino( ..... ) 

Fiaure J[ 


