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FOREWORD 

This document, adapted from a Master's thesis in Electrical 

Engineering, is being jointly published by two research activities at 

M.I.T •• Project MAC and the •Innovative Resource Planning" Project. 

Project MAC is an M.I.T. interdepartmental laboratory for 

computer research and development involving faculty and students from 

the Departments of Electrical Engineering and Mathematics and the Sloan 

School of Management. The name lfAC is an acronym derived from several 

titles: man and computers, machine-aided cognition, and multiple-access 

computers. The broad goal of machine-aided cognition implies the 

development of new ways in which on-line use of computers can aid people 

in their creative w-:,rk, whether it be research, engineering design, 

management. or education. 

The research project, •Innovative Resource Planning in Urban 

Public Safety Systems,• is a multidisciplinary activity involving 

faculty and students from the M.I.T. Schools of Engineering, 

Architecture and Urban Planning, and Management. The administrative 

home for the project is the H.I.T. Operations Research Center. The 

research focuses on three areas: 1) eualuation criteria, 2) analutical 

tools, and 3) impacts upon traditional methods, standards, roles, and 

operating procedures. The work reported in this document is associated 

primarily with category Z, in which a set of analytical and simulation 

models are developed that should be useful as planning, research, and 

management tools for urban public safety systems in many cities. 
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Supervision, computer time, and other expenditures associated 

with the work reported herein were supported through the above two 

research programs by the Advanced Research Projects Agency, Department 

of Defense (under O!fice of Naval Research Contract Number N00014-70-A-

0362-0006) and the National Science Foundation (Grant GI-38004). 

Richard C. Larson 
Joseph C.R. Licklider 
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ABSTRACT 

The hospital emergency room is a coaplu system uving many 
interrelated factors contributing to its :,operatilon. ·. Tbe emergency ro• 
administrator taas li■ited ceR'tf"tJl ..,_. QR'ta'bl .of,~twse ,factors: 
numbers of beds, nurses, 4ectc,r:s, x•ray u1tiui,.,-;:e..-,1e. Otller 
factors such as patient arrival rates and demands made upon available 
resources are largely uncontrollable. One of the uin problems faeing 
the emergency rooa manager is to find a reasonable balance among the 
many factors over which one has control in the face of a range of values 
of the factors over Which little control is possible. 

A computer program has been designed whtch uses computer 
graphics and interaction with the user to create a flexible modeling 
environment for analysis of hospital eaergency roo■s. In projects 
involving analysis of public systems, it is especially important that 
close connunication be aaintained between the public administrator and 
the analyst. Tools of the type which concern the present research can 
make a significant contribution towards this end. . 

The emergency room was chosen as the basis for the research for 
two. reasons: First, the author had been a meinber of a team which 
performed an analysis of the Ca.-t>ridge Hospital 9119rgency room in 
Cambridge, ftassachusetts, and therefore was soaewbat familiar with the 
emergency roOll systea and factors relevant to its analysis. Second, the 
emergency rooa is a systea which in many hospitals is rapidly 
approaching a crisis: like the medical care syst• as a whole, the 
emergency room is experiencing profound chan.aes in the demands being 
made of it. Patient arrival rates are increasing at an exponential 
rate. For many, the emergency room has becoae the primary source of 
medical care. Thus the very role of the aaerg•ncy room is becoming 
unclear. The rapid changes in volume and nature of demand being 
experienced by the emergency room suggest that tiae invested in analysis 
an.d planning of the system would be well spent.· 

The program, the Tool for Interactive Graphical Emergency Room 
Simulation (which, for ease of discussion, is referred to as TIGERS) is 
a simulation-based 110deling environment which has bean implemented on 
the PDP-10 computer of the Progruning Technology Division of Project 
MAC at ft.I.T. This first effort, although gtttHtral in scope, is based 
upon the emergency room at Cambridge Hospital. A preliminary model 
based upon this emergency room has been implemented. Valuable feedback 
has been obtained froa Dr. Peter ~ogielnicki there, and it is expected 
that other doctors in the Boston area may soon try out the system as 
well. The main thrust of the. research is being concentrated not on 
designing a highly accurate model of a particular emergency room, but 
rather on development of a tool which can .be used for such a purpose. 

The actual illpleaentation of the sia1lation within TIGERS 
involves the design of a model and the translation of the model into 
data bases and events. The task is made soaewhat easier in that TIGERS 
provides all aajor data bases and several utility subroutines. The 
graphics updating is autoaatic, and routines are provided which make 
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trivial the creation of light buttons for changing any relevant 
parameters. 

The hardware upon which the present syste■ is implemented is 
currently too expensive for practical application in most si~uations, 
but gra,ttics tecllllolWSD' 1s Nwloping rapidl~ _. u, .fast ,enwriAg the 
real■ ,~of practiaabilitj fer S11&}J.er instal,ht._1-s,i, •.lo\& .to the aR4lyst 
and to the pultlic adlaildstr.:ator; ,UM 11Ni• _,.....,.. • IHl•ftt.ia].ly 
useful aeus of llllki .. sitlula\toa ~• ..,..tiatltll\l,,. and .-s,ier to 
underat•d. 
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CHAPTER I: INTRODUCTION TO THE MEDICAL CARE PROBLEH 

1.0 The Crisis in the ftedical Care Sector 
, ~ '-. 

The health care industry h~ becoae. ,~h.e second largest indus.try 

in the United States. In 1970, Americans _spent 67 .2 billion dollars, 

6. 9 per cent of the Gross National Prqduct_, ~ tll•lr h·ealth,- And the 

industry. is fast growtng: betwee/l 1966 an(l 1970 •. h~,al~h .• •~~end.t,tures 
. . '-'' ., ,,_ t",. , .. ,, 

incre~sed at an aver:a.ue a.1mual rate <t{ l,Z.~ ~rcen.t.: COIIP,are~. to 11 

growth .r.ate ,:,f 6_.3 p.erc_en.t for tl\.e eco.nQIIY a~ a.whole,~ The Department 

of Health, Education, and Welfare ~•.s proJected a/\"re o~ 10~ .~11\i~IJ. 

dollars (Qr fiscal year.~97~_X,ll, an<:t e~_~«tl,~~res,in,_t~e he,alth 
• ' f ~ ' ! ~ ~ < ' ,' , A ,,' ~ •, ~" ,• • -

enterprises in the Unite
0
d Sta~es are pro~4tct,d ,~~ r.~.~~~ J•!~een \~~ and 

189 billio~ dollars by _the end of the cqrreQt. decade. _Thus our SQCiety 
' : ,: ;.- -~ • ~{•,;-,: ~~ :,, ->'. ~ ~ ~• .. :t; "• :, ":1-,,.•f C .~~ :'.J;.:~.: t,•,: ~ • : .i :1• > :~~ ' ~ i '.,,• '.. • 

will be spending between 8 and 9.8 percent of the Gross National Pr~duct 
~ l'~ .! " ', . ,~ ~{ ~ ,:~t -. .," J""":: ~t:t ~Jil~,-- ~, .._ -

for health. If present trends continue, the health establisba.ent may 
· . i f, ' ~ •1B ·· •· :•;· .. 

well be the nation's largest industry, in tents of manpower and 

expenditures, by 1980. [Z] 
~ ! ';" , . 

unrortunatelf.a !Y4PD our pre,~~\J!~J,',~,~~i!~r~ ~f. over 1~50 

per ~api~~ 1nnually do~s not ensu~e a. h_i~tley!J °:~ IN~ic~;!, c,re 1~.~~~ -~ 

United States~ Rate or ~nfa11!:119r;t,Hty 1, lOlfttf,,.1~: ~"!l~e .. ~the~ 

industrial countries. "•n in seventeen.other cqun,t~ies ).Jv~,longer than 
, - ' , - ·,, ·,:: .' •· ... !-! : ; . ·--·,.: : ' - _,-t :._ . .. ; ;--'. 

Amer-icans do, and women live longer;i11 ten. There j.s ~ 9!"owing 

consensus in the United States that U.e aedical care sector, while 
· t . · ·· _ 'a ·, - - , ·,: • t •::,: '.'. · . . ~- t : £) "''f f'. .~,, _; : • , .,- · 

continuall~, costi11g -,:,re, is not perfonaJ.nst i~s J~c_tt~nf 't,fttl~. for all 
, ., •, . , · .;. -,f ,. • I ~• .., ,J • .• , • _.,_, · ' 

those who, could benefit by thea; a near_ly "'Jq1J_it0¥S, v~e?f ~h~!r t~erei is 
,,. ~,-,.,..,._ - "'~· .• 
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a health care •crisis.• Between 1960 and 1971, costs o.r· hospital care 

climbed more than 50 percent, compared to a 31 percent increase in the 

consumer price index. A day in a hospital cost 135 in 1960 and 175 in 

1971. [3] A typical c011pany sponsored hftlth in·svrance- plan, including 

full hospitalization and surgical benefits for a f•tly, cost 1550 in 

1971, aore than double the aaount of Just five years before. 

The syaptoas of the crisis are all too clear -- skyrocketing 

expenses and inadequate care for-a significant sector of the population. 

-- but the cure is not so easily sun. Betti ud Heston articulate tl'le 

nature of the problea: •Th• •ltiplicity of prof6s&ts ·ror the cure of' 

this 'crisis' in tenu of delivery, organization, financins,, and control · 

is evidence that dissatisfaction Vitll the-perfonianee•of, tlie aedica1· 

care sector has reached the status of a politicized social problea. As 

in other coaplex diseases, while there is agre811811t that ·something is 

drastically wrong,. tliere h no consensus on eUtaer'the~diagnosis or the 

therapy.• [ 4] 

The fact that we spend such vast aaounts on health care, and the._ 

fact that health care elQHtnditures are- risia9_at a r•t•'far·out of 

keeping with the rest of the econeay, leH ... to believe that we are 

not allocating our resources, i.e. our bealth cl«i11•rs,'as wisely as we 

■ight. Dr. David D. Rutstein expressed this belief in his book. The 

Co•tn1 Re•olutto• i• #edtct•e: •The hallllark of our present haphazard 

syste■ of aedlcal care is lack of efficient syst...-Uc alldcation of 

resources to aeet the public need. laplic'it is a lack' of planning which 

really reflects the pitiful inadequacy of research on th• provision of 
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medical care. Indeed our blind faith in the infallibility of the 

physician has made it seem in the past as if ra-search .on medical care 
. . . . . , 

were unnecessary.• [5] Essentially what "8 have done has been to leave 

the allocation and distribution of resources al110st extlu-sively to the 

marketplace. Apparently the mar-Ketplace ·has failed us in this case, as 

we find ourselves caught in a burgeoning spiral or ever increasing 

expense that buys little significant improvement to the system. 

Our lack of planning is catching up to us. Even though our 

medical care system has perhaps never been run nearly as efficiently as 

it might have been, only in the last decade has the situation started to 

get out of. hand, generating the so-called crisis tha~ is now all too 

manifest. The problem was first recognized as early as 1933. In that 

year the classic Lee-Jones study, undertaken .. und.er the auspices of the 

Comitt.ee on the Cost of ftedical Care (CCftC) point_ed c,ut that· "The 

problem [the provision of good medical care] wiU not s~lve itself 

through the operation of undirected economic forces.• [6] People, 

however, were not yet ready to listen. 

Thirty-five years after the pubUcation of the Lee-Jones study, 

the report of ·the National Advisory COINllission on Health ftanpower was 

issued. This coaaission was established because the problem-turned­

crisis could no longer be overlooked. Costs were rising out of all 

reasonable proportion compared to the rest of the •~onomy; there was 

in.sufficient manpower to meet the requirements of the system structured 

as it was. The coanisson reported essentially the same problems as 

reported thirty-five years earlier. The report very clearly proclaimed 

a health crisis, pointing out] 
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The crisis, ho~euer, ts not stmplg one of numbers. It is 
true tbilt su_bst,antiallY ipcrease~ ny~~l'.'S .of. ~•f} t!J."!~_wmpo~er 
will be needed over time. But if additional personnel are 
employed in tbe present ,11t1nner,and, wiib.in. tta• .resttn.t 
patterns and systeas or ca.re, they" wiil'no·t~ avert, or even 
perttaps alJeviate, tbe crisis. UnJ.eu , "-· .Hlf#fOII' tlt_e .sJl.s ten, 
through which health care is provided,· care· will continue to 
beco■e less sa\isf .act~y, even. ~9¥P· ia,,,• .Wftn~,,lJVe 
increases in cost and in nUllbers of faealth peraonneL C 71 

We are faced not with a shortage, but with a probl~ c,f ■isallocation. 

1.1 Alleviating the Problem 

It is not surprising that the concept of efficiency is the 

mainstay or ■edical refonaers ~ Rere efficient operation would 

presuaably provide IIOre services ,~r aore people~ lillit the ~Ost to 

third parties, and sillilarly li■it the styrocketing costs to patients, 

insurance coapanies, and the govern■ent. The govern11M1nt, which pays two 

fifths or the nation Is 11edical bills,.· should be' ~specially interested in 

improving efficiency, since it would retard intlation as· .;.i'.1 1\5 costs. 

Doctors too would benefit frOII aore efficient ·operation. •By increasing . 

his productivity, he can see aore patien·ts, res,ond to' growing patient 

criticis■ of the availability of doctors, i~crease '111s earnings, and 

help more people.• [8] 

Optillizing such an incredibly coaplex systea as our whole 

■edical care syste■ is a probla of huge Mgnitude. ·'11ndeed, opti■izing 

it is probably illpossible, but even ■aking significant i■provement is an 

aweso■e task. Where do we begin? The piobllll reail~ e'xists at several 

levels, and the task needs to be addressed at each one·: -.' 
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At the outermost or most •macro• level. we are faced with broad 

~olitical and social questions. w~o should.pay for aedical care? How 

should the overall system be structured? Can everyone have a family 

doctor. and if not, where does he go for his primary lledi~al care? What 

about medical centers? How should they be or9ani2ed? By neighborhood? By 

region? Should d~tors be paid on a tee basis, or ve there other 

structures of payment .tiich might reduce unnecessary surgery and be more 

conducive to other •liore efficient• treatment? 

In the middle levels are questions which, although not as 

political or social, still concern broad· issues ~hat will affect the 

very nature of the aedical care systea. For u-,1~: :sltould all 

hospitals be general, equipped and st'affed • 11aadle a wide range of 

needs; or should a network of specialized or s•i-specialized centers be 

set up? How do we evaluate th'e uttlit:, of various possibilities? 

Finally, at the most •micro• levels, we face such ~uestions as 

how to run the facilities themselves. Row "dO we -staff. the intensive 

care unit? How many doctors do we need? Where can paraaedical personnel 

be used, and where is a doctor essential? 'Where-can we use Mchines? 

How many beds de we need such Ulat the- probabUtty·or all being full is 

below a given level? 

Thus we see that the decisions involved in planning a more 

efficient health care delivery system span a wide range of positions in 

the decision making hierarchy -- from the highest levels of government 

to administrators of individual medical centers. It is the-se peopl1t who 

are called upon to make the decisions which will hopefully bring our 
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medical care system to an improved level of operational efficiency. As 

we stated earlier, their task is not easy. 

1.2 Operations Res.arch 

A body of kllowledge and analytical aethods known as •operations 

research• is evolving, which is .direcUy ap.plJ.c:M)le to .. ~rtain .. aspects 

of the medical care ~roblea. At each level of th'I bierarchy, a basic 

concern of decision makers is the allocatiAft of .resou,oes so .as either 

to maximize tile KCOllplishMnt of the stated obj9ctive.s with given 

resources or to ■ini..-lH the resource cost.s,.of ~clfkvins, tu .given 

objectives. OP.•r•~ions l.e.sHrch (IMr~fter.~t-~,Jtb~vi•ted O.R.) 

is concerned wUh r-ealizin9 ,such allONtj.oa Jroce-.~. :,·,Dr •. Rutsteln 

discusses a bit of the bisto,:-y of O.R., •~ ·P1'int1i -Gift .bow O.R. is 

beginning to be applied in the bealtb cares~~: 

Historically, :eperations raSHrch as first us.a in the 
deplo)'IHnt of troops and Ntertel in World War II. The 
success of eperat.ions reaeardl iQ.,aiU......, 1 .. 1,itGIJled to 
the extension of its use to industrial production problems 
in war in41us$,:y. :tllen ,~ iadus~kl:,areltl11M1•t,SJ•••~l, to· 
business aanageaent, and to econoaic planning. Now it is 
being •Plied .tc,. 111blic llealtll nd •dioll ·~•re.,. In • 
policy state■ent on operations research prepared for the 
World·:Heut11 · GrlPta•U• with,,,Profe80n1i.flal'!Hi-hul, • 
Schutzenberger and fturray Eden, we pointed oat that O.R. is 
useful in the kinds of aajor decisions that freqetatly face 
the ■edical ad■inistrator. They are as follows: 

1. How does one assess the relative needs for, and the 
values of, alunaative values ttaat •st c1raw ... u,onli■ited 
resources in funds, aaterial, and trained aanpower? 

Z. How shall available resources be best allocated and 
appli-ed •c• a, decisi81t on,rtorUi•s.11•• .,._ •de7 [9] 
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1.3 Our Misuse of Available Resources 

Although it is only a beginning, several studies have been made 

or are now underway investigating the problems of the medical oare 

sector, at least at the broadest levels, i.e. addressing the important 

political and social questions. This is indeed encouraging~- but this 

type of planning is necessarily relatively long range planning. At the 

level of hospital administration -- the level where the crisis is being 

most acutely experienced -- very little has been done, although the 

field is ripe for applications of O.R. It is well known that many of 

today's hospitals have a surplus of hospital beds while their clinics 

are becoming more congested than ever. Such statistics suggest that we 

would do well to invest more time in questioning our present patterns of 

hospital management. The skyrocketing costs of hospital care, along 

with the ever increasing difficulty of getting an appointment at a 

hospital clinic, is evidence that hospitals, rather than searching for 

more viable systems, have been trying to cure themselves only by pouring 

more money into the already existing one. The situation is unfortunate 

because it is really in the hospital where the crisis must be confronted 

first; it is there that first aid can be administered to the ailing 

medical care system. 

There are really two aspects of the problem faced by the 0.R. 

researcher in the medical care field, or for that matter in any field of 

public administration. First is the relatively straightforward problem 

of devising relevant analytical methods and techniques. Second is the 

more subtle problem of getting them implemented. 
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Administrators are making increasing use of these analytic 

tools, but not nearly as 1111ch as might be expected. The answer to the 

question of why not is complex. first there is a problem of hesitancy 

to leave a system that works, even poorly, for a system which is 

untried, or at least unknown to the administrator. People are uncom 

rortable in unfamiliar territory. There is security in •the way we've 

been doing it,• and we are not inclined to set off down dark paths that 

we do not know and therefore cannot really trust. It is a known aspect 
. . 

of human nature that adllinistrators are often reluct-,it to implement, or 

even investigate, any changes to an existinv systea until action is 

forced by a coaplete failure of the system. Another COIIIIOn obs·tacle to 
. . '.~. . . . ; . , . 

acceptance of ac,re rigorous analytical •thods is misrepresentation: It 

is not uncomon for the decision maker to be exposed to analytical 

techniques, but led to believe, either by overzealous analysts or simply 
.;l 

by wishful thinking, that these new Mtbods are being presented as a 
. . . . ~-

panacea. Then he either ialediately sees or later discovers that they 

are not, and ha loses faith in the■ altogether. This coaaunications gap 

between the analyst and the administrator is destructive -- the 
' -~ 

administrator presented with a •solution,• only to be disillusioned, is 
t.:-: ~ ;· -;,. ." 

naturally going to lose any faith he might have had in the analytical 
. ··'- .. ' 

techniques. Operations research does not offer an instant solution, but 

it does offer a powerful set of quantitative tools. 

Another reason that O.R. is not being e■ployed to best advantage 

in the medical care sector is that hospital adainistrators are often 

physicians, who, not surprisingly, rarely have strong backgrounds in 

aanage■ent. There is, of course, no reason wy they should --
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physicians are specialists. The unfortunate aspect of the system is 

that they are forced to be big business administrators as well. 

1.4 Motivation for Present Research 

The research of this report was undertaken as a step towards 

bridging the gap between the administrator and the analyst. The goal or 

the research was to use the medium of computer graphic.s to develop an 

analytical tool which might be used by a hospital administrator, and 

which would improve co•unication and encourate co•operation between the 

administrator and the analyst. 

One of the reasons for the co11111Unications gap is that 

quantitative analytic techniques are often highly technical, and 

although the administrator understands the state11ent of the problem he 

is often forced to view the technique,ttselfas • ltlaek box which is 

open only to the analyst. There is a need for toe ls which lend 

quantitative insight into complex probleas-'llfhila a•otdtng the neces,tty 

of reams of computer printout or formidable leoking·sets of equ.tions. 

Computer graphics, which is only now b .. innt119 to be widely used, offers 

a possible answer to this need. 

This research is intended as a first s~a, in the development of 

such tools. 
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CHAPTER II: THE HOSPITAL E"ERGEMCY ROOH 

2.0 Introduction 

The hospital is a large, complex system comprising numerous 

smaller subsystems. It was decided that in light or the goals of this 

research project, more would be accompl.ished by concentrating ~he 

research effort, at least at first, on a representative subsystem of the 

hospital. 

It is worthwhile, therefore, to examine Ol'le of these subsystems 

in greater depth: a facility found in diverse foras and sizes but 

common to most hospitals is the emergency room (hereaft~r sometimes 

abbreviated •E.R.•). Ina-sen-sea ■icrocosa of the 1Ndlcal care system 

as a whole, the emergency room is experiencittg prof011nd changes in the 

demands being made of it. The number of patients crowding into 

emergency rooms has tripled in the past foUt"teen years, from 18 million 

in 1958 to 44 .1 ■ill ion in 1968 to an estitlatM 08 ■U.lion in 1972. [ 1] · 

The very role of the e■ergen<:y room is bec:aiflg unclear. A study of 

patients attending one emergency ward found. tlutt:'i~ 81)peared to be the 

primaru source of Jlffical care for at lfflt' one fourth or its 

patients. [2] 

Dr. Reinald Leidelmeyer, a co-founder of the American College of 

Emergency Physicians, cites two reasonsfortn·avalanche·or emergency 

room patients. 
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•1n the first place, the American p,ople have become enormously 

mobile. It is a rare occurrence indeed that a newcomer to an area takes 

the time to find himself a physician before he really needs one. 

•secondly the faaily physician -- who had been the focal point 

of initial medical care ~brougb the ages -- b~~- ~re aod" ■ore 

scarce.• 

Tbus, points out Dr •. LeidaJ.aey•r, tbe ,-tiant chooses to wait a 

few hours in tbe ... cgency ward rather tkan • few 1'9eks for an 

appointment with his doctor. [3] 

The rapid ·cheaps in voluae and natur, .. of d...,.4. being 

experience4 by tile ... rgency, Foell: suat•*· ••t · ~~ tnvest•d ill ualysis 

and planning of the syst• would be wall spat .. : TIie ... r,ency rOOII is a 

coaplex s~tea •. and .._1n1-it effectively 1• not sillple: the systea 

has aany varial>les (e.g. auaer of doctors,-~ of heds, nllllber of 

nurses, patiaat vrival rate, etc.); n...,.eua.coaplex. trade-offs (e.g. 

an efficient E.R. 1111st str.ik.e-. •· bel,wace ~.,.,.._ • ..,s, of J:>eds; 

doctors, and nurus); ancl is-llJ.-tltlY stodaastk ie nai•r• (it can t,e 

-pty at one __.nt ud fverluclecl five. lli•uie. 1~). Yei witla all 

this CGIIPlexity, aoat ......... CY r.-s •• .PIMped. '~ad, and 

of quantitative tools ■ight aid the hospital -ager in severaJ.,w~s; 

for exaaple: 

1. illprove■ent of suffist$t1 patt,efas 

Z. evaluating proposed changes in facilites or personnel 

3. designing new facilities 

4. _est:lllating future daands on the systa, and the 
syst-•s ability to llandle tll•. 
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ftore specifically such quantitative tools ■tght be used as aids 

1. reducing patient waiting ti■e 

Z. i■proving doctor utilization 

3. reducing unneeded ti■e that the patient spends in the 
treatMnt flaeiltt:,·~ '11 ci, 

Z.l An Interactive Graphical Si11t1lation 

The pri■ary research of this report involves the design and 

implementation of an interactive progra for si•lation of a hospital 

emergency roo■. The eaergen~y rooa presents aa excellent focus for our 

study. because it is relatively saall. yet quite co■plex, and it can 

probably benefit significantly fro■ the. use of analytical techniques. 

Recall fro■ Section 1.4 that the purpose of this research effort is to 
', .:: .::. .1 "~C·~ ;···,; 

use the mediu■ of coaputer graphics to devel.,p an analytical tool which 

might be used by a hospital administrator, llllif WlftY~olflD 1..,....,.. 

cOIIIIIUtlitation ·1111e1 encdurage ~•t~ H.,_ufiti""if lldfflllstrator and 

th• arralystr. - Wtit 11n· beetf llild~-f ~-1i11t:S ,..,.. by" die ~ G 

the ProtrMllting Tedmology'. DiYtllott .• f}fl.4i.,!ps PNJec~ltAC. A progra•' 

has bnn written _,loYinlJ the- 11DP-10 ._.e.ri,1111e 'Inns ',and SUUaerlend 

display 0,rocessor,·_.,uS'Otfded ~"411'"Rf~~-~ by '1Je,, ·• 

Progr...._tl1i ·Ject1notogy 'IWvision. The,~ 14 a. ~Tool f'or . 

Interactive" GraplifHt 1-arpricy llooa 8lllitilftbil/'~,"1Tor- sm,t:ict• 

and Mse 'Of"-dticuslft011:,''·W'Caii TIOIRS-. -. 
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2.2 Cambridge Hospital 

It was decided that TIGERS, at least at fir~t; would be based on 

a specific eaergency r0011. Although generality is unquestionably 

desirable, the idea of graphical siaalation is best investigated fir$t 

by applying it to a relatively specific case. Once initial 

investigations are C011Plete, work can begi;, ~ IIHilll,: ~~ ,~; •• aore 

general. 

The TIGERS syst• is based on the aerge11Jy r~ at the 
'. 

Cambridge Hospital in Cllllbridge, llassachusetts. It is an eaergency rooa 
. . 

in the aedi1111 size range, with about one hundred patients per day 

arriving for treataent. In the next sections we shall att•pt to 
,•• •-f •~• -• ~k ·, , l. 

describe the Cllllbridge Hospital Eaergency Roaa, •d give the reader a 
j ' '· 

feeling for the facilitiea, the staffing patterns, and the tn,es of 

patients who arrive there for treataent. 

Z. Z. l Role in the Ca11,i,J11U ty 

Jhe. pur.,oae. ot:,-tu•.~i4'ge ~t.al ~Y ~· (hentaft.e.­

soaetillaa abbreviated Cllllt}ri• ~. w-.t•i~ 1-,. ~it;v,.~l . 

care mt a twen~our~ bu.is, tc,,,.all -.,,u-r!"'-•~•· Ai~..- the 

,.,.. •-rgancy rOOllf' uauallY' ·'-U•s. ai,Pl.._ •-- ...... ~ only ,Mr)' 

serious ,Mdt_.1- probl...,_, tlut ~-:J?:A!Q!ll-:MJi.,smm..,~P~l :COJl14 

be classified, 11$ a tYJt& Qf _,.lawry clin~. -~ '<"7-Mt IMIJority of· 

peepl• :aeekt.,19. .-rvic.·-at _. ~)' ,f._._.~ ~ ~d,iat.e 

aedical attention. In fact, only _..,,._;f~,w~~:;~:.«r,;iv1f!g 

patients at CHER are what one would noraall,y call •-rgencies,• and 

only about one percent are pre-111Ptive ... rgencies requiring the entire 

E.R. staff. (Thia situation is not unique to Clllllwiclte Hospital.) 
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Especially for the poorer sections of Cllllbridge, the CHER takes 

the place of the old style fuily physician. This is not unusual for 

hospitals in ■iddle or lower class areas. In the clinic at the 

Cambridge Hospital, and at other clinics in the area as well, it is 

often weeks before one can get an appoint■ent. It is not surprising 
r·~ '\", • ";;:~ ,, , ,.. ~ ¥: ::~, ~<.;tl~' •i;,. ;f "" - ' 

that the faster paced eaergency roOII is often used instead . 
. . ,.., . ~ ~i :- n ~""' , :, t ~ /· 

Figures 2-1, 2-2 and 2-3 pr~sent a picture of the type of 

patient entering the CHER. Figure 2-1, the diagnosis of e■ergency roo■ 
.-~, 

~ . .. 
patients, shows that aost patients have ■iner C011Plaints such as 

superficial sprains~ while the true e■ergenc:1-i.. ·il!ISlt 1sl",Cetr4lac ar~t 

or aaJor fracture, Mke up only a few 'Jlrc•t of ~~~~~~Df:~~~s 
; . :-• ; ~~ :'. ~ t ' • : "' : t ~-. 

,~2 .. 2 •d Z-3 shew that few patients- U•~• titan ten per cent L~: ltf'OIUlllt 
. ! f -;. '.' 1 - l, ' · ~ -

to the CHER by aabulance (and INIIY of +•-.✓~--- .1~~- P•~,ie,nts 

transported froa nursing h01Mts), while••• ••rtllt:t.e, ~>~ ~A;-o \lie., 
~ (~ ~ t :::.- 5 l i~ 1 -\~ -? ,.~ 1 ~: ~ 

hospital by theuelves. Finally, less~• ten per c~e4';<'.fil1t·:Ra~ie,ts 
. . < i, \:,>!·} ,-y•: < : -~ : ', 

arriving at CHER have probleas serious !enough to r•~ ,j,-,~~h~r, .-1_, 
,·. 

adlli t ted to the hospital, and •ny of Cllese w: ~,:; ,;•~~- ~re .Re>t tr:ue: 

eaergencies. 

Z.Z.2 Physical Plant 

A diagraa of the CHER is given in Figure 2-4. A typical patient 

walks into the eaergency roOII entrance ( 1) aml i■■edlately registers 

with the recep.ll~ifi(· '.·-It•,:, ~!l~:;· ~ ~Al@~tr,t~4m rJor■, which 

becomes his record of eaergency room trMtaent. Then he sits in the 

waiting rooa (3) until called by a nurse, who brings the patient to one 

of the five beds in the general treat■ent rooa (6). (He ■ay be assigned 

to a chair if the coaplaint is minor. ) In tile sreneral treat■ent roo■ the 
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'.} . ::..,-. :-, 

Superficial injury -- strain, sprain, contusidn 
Y ·1 .11i~~,.: ;i~.f11 ::-~:-:., rr.- :!9'1 th1::J ,a~o 

Upper respiratory infection -- viral syndrome 

Lace rat ions, bites, and punctures 
,· ... , C' ·~r, 

Symptoms and i I I-defined conditions 

Skin disorders • • . . . . . 
.;, 

. . . . . . 

. . . . 
19% 

12 o/o 

13 o/o 

. 9% 

.6% 

' CirCU1QtOJ,i1:dj .... de'h; fr, '•·· h ·, ,,3.·~ ~" . "" & ,;::,,., . ·.' '·' 

Minor fracture 
.1 Goflc,frtlWG t} - ~" c• 1 .;: '=•i::; ,.4..~••; ·.,.3 ). ~~---~-I• e i~:tt ,__ •• - ='- •11.·~2,-"3,.,. 

Ox not specified 
Lower AH9trotory,, 1nfecti0ff· ::;f:i- ... · 

Ga sfr it i,-s ·-9a&tr11e,n ter it1SL 
Urinary tract infection 

. tt•effht''-pePsOW'<1 ·· • · · .1 · r ·· 
Otitis media 
c:,t t fet'9PO' 11iek tion 
Major f rocture 
Preo mtnc; ; amf "}abo,t ien: · · ... · 

· · · • · · · · · l-2o/o 
• :~ :' , -\L:.-: : ~:fr~ ~-l.f' . ~- :! ·4 

_ .b-



SURGICAL 2. 9%, 
MEQlCAL I . 7% . 
PEOfATRIC 1.4% '.. 
ICU· 0.5% ,..._ _ _, 
PSYGHIATRY 0.2% · 
NOT_SPEC'f) 2. 9~ , 

Figure 2-3 
Patient Conveyance, 

3t 
MEDICAL 2.0% 
SURGICAL 5. I% 

-·-i .. - ···-· PEDIATRIC. ·u.8o/o 

CLINIC. 
APPOINTMENT 

29.9%·,. 
~ ·, 

CLINIC 
11 PRN 11 

RELATIVE~ r.,: .. - ' ., \. . 

. ·- ·31.7% .. · 
.,~~' -.,... l -~c • 

. . 

ALCOHOL I .2% 
ORTHOfEDIC 3. I % 
OB-GYf4 I .4 % 
NOT SPEC D 12.0% 
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patient is seen by a doctor (when one becoaes available), who determines 

the required course of diagnost~cs and treataent. Very often the 
,~,~--:-~ ~-- .,.:;-·;-:- ;·~,::J J 

patient requires r,ther lengthy •non-doctor trNtl!Nmt• such as 
-.. ,-~ 5· _, -,~ •. -.~::;,.j l. :.,:·;··· ··· ,·, -1·. ··_:-.,...:~;;'-':-,~r.;_ -"'fi~ ... < · 

laboratory tests, x-rays, treataen~ by a nurse, etc. W..en the patient 
Jj"'..._; "V 

has ~••n traat~d, he is released; and he either ia adllitted to the 
• ~-: • .- ~.. -. ~ ~ . .,,..! ~~-~ :• ~ V ~ ~,-~, - ·, 

hospit~l Pr(!e•r .or: ,e,~~~s 1th~~-..- the ~!~~,~-,itr~~• _<,~fch is 

also the ~xit) (lli __ 
. -• - ,._, .... - .... 

... Al~tient 1~? ,~s ~r~~~:~~ ~R,,,,,.~ ~1~~~! ,r _qt~•~ 

emer~e11cys:,~tthicl~ J;u~u~l!r,~en a ;5,~~!~~~~ e11~:~~ 1~ t>~•~W9~~ r?°'-· 

throupta ~b!,~~~~,"~tr~~~i~~~)- _ ~~:1~t~ ~~e~rhtc~~:z~~~~~ CH~ . 

wifl,a~t.,as~i,ng thr~lb, the Wfit~t r~1~t1!*!Jl'8nrat.,•£)i:r:.~:, ~ ~~ _ .i •. 

E.R~ ft4(f ~iJ••ee~f}lJ f~{o~f ot ~!::~lf!.';~r~~~} ~f t:uc,11, a_: ,, , -,r 
patient about five 111.nutes before the vell~f.l!,:~~t~JH'~~f~.,~~t.t~~. ~~~, _ 

which giy~~ ~~ t~,·, t~ .f.f•P~f~J:~ ,.,.l~~-, "f ~ t~~;'l:~="~~1J-tDCY 0 

This, .~5: "~~ -~~•~~Je ;~f:: ~r,~ ~!,~,'ffi~ !-~r=,,~~~~-' ~~~.t .. ~~" t~!t 

poli~!t.~, f~r~ ~~~~•t,, '?.~:~,~~F~ ~~f~l"· :, , 
' I~~iate~r~~~f:~f,~_o !"~ ~~l:~~~•~~rr~iji~, ~~t ~~,oc~,,ro~~ 

It 

associate with tllat of the ~!"~~f . . ~:. :· In tlais rooa ~r~ all __ •. 
:'.' ,~.,,. ~--~4.i.,•~lijr .. ~..,_?;.,.,~" ;J~f!!t ,£,.ffi"l·O! ,~t~.{- ,'.'·-.:-'.•·' 

-R~~e,,~,arr_!,~u_pplies, r:r tre•t.i_~a, !:. crr~~irr.r,!i,\:rs3lh:r :~rr serious 

eaergenc~ :.. everr efr:{t .. ~:::• •~ -~~ ~~, ~~~, ~,,,~l~~!° .. f?r s:~ch 

occurrences. TIie OIJlY other.••• of t.111•,... is fer ebstetric-
:. _ _,_: 

0 >-~r~ ~J , ~ · 0
:""'-~• ',"E : [-;:w 1'.i._ :.,..:.I,i:{rf ~~;··;;: -~ _, ' 

gynecologic~l (~~!f:Ot,,~~;ses; ~~-~, b~,_.!°!' r1v'-~"'~rr'~•t:~onsr-._i~ in a 

corner of the rooa. MMY fr• the other 94111ipaent . 
.-~ .. •• ··:- :·- ~ > •• J ''° >· -:-~I.: t ?. r~ ...... _ '.'·: _..., .. ~ 
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., 

Any patient under fourteen years old is considered a pediatric 

case and is taken to the pediatrics rooa '{1) inste~d ~i th~ ,,1a11in aedical · 

treataent rooa. The pediatrics r~ contai~~ 1'ttar~'''.is· ~d a)cie'st and, 
is used exclusively for persons under fourteen .. 

Other rooas in the eae~gency r0011 ·..-~ a saall.staff lounge (10), 

a saall laboratory ( 11) where dociors c:1111 ')~rt.,!. ~i11Pl,e: tesis. such as 

urinalysis, a Mdical supplies closet ( 12), ud the ortttor,edk · rooa 

( 15). Thi~' last ~ is actuat1y; ihe, h4,splt~i:•~- orti~edic clinic and 

1s not a ,art or t11e ·1111ergucy rOGII ,~~,ir. '"'-• 'a~of:••t~~i~nct."as' a 

clinic, bowver~ it is und tor t;Jt. psydi~tri~'~ti~ii;;j&oth 'as • 

waiting rooa ~d as u···tnterviewing ro611~. Also~· if 1s used·::for
1 1iatient 

intervi~' Id.tit Sllcll people as 'soci~i. M-~~\;jja tilfr'1ii~ilbets of tlle 

alcoholic detoxif'lcatioa. progra . . 

the uenerai ..a1ca1 nkMI, <a> c~t;ina"~ tlvi. ~• ~ (ia¢h iacte · 
- .- . '. . ;_ - ~.·, . "" ." . :.• .. ~ ',~-. ·-· - >.·,~ f,:; ~ <.~ -'"'>.:-') !:':,f_i:,'> -, : 

private by surrounding cvrtalns), a 1U111ber of ·c1ta1rs,·ror-'·palients who· 
.. '· . ,,, .. , "·' ,_ ,- . '' , ..... ;-,-,,-,,'-- ., ... ,, - .. 

don't need a bed, a sink, various lledtcar·supplles, "ucf a single deslC: 

f;r· th!,doctors' use. Th~ records'of the ~ti_;.ts·~tig"treat~cl- are 

kept at this desk. 
. • -. • • ,. -~ ~· ·, j .,• •i ft · .. · -·t , ; : ( ,~ t rt~; 

done aostly at this desk; thentfore a telapbone ad Ille laboratory .and 

x-ray requisition foraa· ffe also locat~i'1ae'.-.. 

• >. -l :>. . 
fteclical 

" ; • • --?· .. ;,_~ ;._!.!''... - -" :' C': ;'I' J n. .-.. , . . . :__. .. ~ -, /" 

reference books are there, as well as a r9911lar telephone (in addition 

to the three special li~es). 

research, telephoning, and consulting with th~ stifl' do~tor assigned to 

assist in the ... rgency rOOII. 
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Z.Z.3 Staffing 

one or twe interns, a staff decter; llild, .at vai'(e11s·:1liies~ Mdlcal 

students, nurses' aides, orderlies, ail4 'Pirdlldieal ftucteftts.' Th•· 

staffing pattern is shown in Figure 3•2, along witll the average nuaer· 

of arrivals to' CHER;· tiy 11•ur of the dey. 

TIie staffing pattern is deslgnecl''t~'Wal~·wttheti•'~tH1•· ••••t 
arrival rate of patteits to ttt.· eiie~y l"Nlf;.; tM. Mgl5Weaaftd flours 

are 9 •·•• to n p.a.: fr•·· 11 a.it. to 1' y.11.~,idltriQ+·wlttl tt•'·tlle ' 

avihtbtt· patient. arrival· rate ts abOOt flt. ,- &ut,FtMrit'; ari-< always a:t· 

least' t•· interns anct·a staff tloctor. 'Mn ~afJ\tai,nay, tlHtri aNt' 

three nurses on duty. Theoretitelit'th't' 'tMlrR'i.,...._,.,,-tbe-1 ~ 

medical care, while the role of the staff docter is that of a consulting 
d-'.;: i~f:,·J; ::, }C ~. -~<:it!! ~-, -~~-~ 

physician._ ("!'en_ the r!)o■ ~g~ns to beco■e overc~d,.~ver, the 
" ·(· -, __ :_. "(: -, • ,.,.,..__,': :- ,~ ·-- ~ • ."if.I': 1 i. ~ , -~-...-;1(~ -~::1 l,&·0-i; a.! r :_ ,.;_~·tJ;:,;~· :r. 

staff doctor also provides pri■ary care.) In practice, however, soae of 
.:~ • - --~ •• :': _{ (~•·; e~ r: ~i .. :_ · L;::.; ;$ !·· ';:;\/ ; -~ ~ ::-:Lt ~:: !,..,ti tJ 31¼:) 9,r-!j f ~,~ ~ J ::i ') .:•. ,~~efF •"} ... i;: f 

the staff doctors, while still acting as consultants when needed, engage 

in primary patie~t treataent all the till9. In such cases there are 

effectively three full-tiae doctors in the a■er9911cy rooa. 
- ;, , '•h,j 1 ~ .: o:-.::,-:~~ .- 7 • 

During the evening the arrival rate begins to taper off, until 
~-"' .:'. ... :~'.-., _ :'if .. -·,:t:.'; r:.t ~~!::.· 

at night the rate is greatly reduced, on the order of one patient per 
'· ,, ·_.~-.n ~ ~sc!;t ~ .+> • ~~- :r ~ ~(:"':. 

hour. At night only one intern and one nurse are on duty. Generally 

fro■ 7 p.11. to 1 a.■., a •IICHJnlighter• is also 911Ployed; he is a staff 

· doctor or a resident whose role is analogous to that of the staff doctor 
f -rt•-,,~ ,·< n , 

during the day. Fro■ 1 a.■ . to 7 a.■ ., however, tke only doctor on duty 

is the one intern on the •night shift.• . 
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It is the CHER nurse who first sees the entering p~~ieitt,., Site., 

the doctors in werkiag wi~II the- patients. watcll~t;tltea, obtainiq 

specillena. filliagc,ut lalt ud x-rrar re111Jsi\~Qtts, Md var1,us otber 

,arru.....,.t 1dth -• ·lecaJ •dtcai "''"ls~.-..-J.:c,...U~•l stu..-ts are 

assignecl to CIIU-,u· .. sistui4, Clfil, '-'c:111.,J• u J"fllfff!~tlp,a ---•r.,.ff · 

such students "'"••• to be •s.sigucl •~ a ii.- Jil!le,? ,_,Re~epily. this 

h,-s ~· lilN.;ted,i«t one _qr two ,i...,~, na~.,f~~'491.-0f:,t11~• s.t••~~­

vari._ arntly; ..... f~t-~ •lllDst u ._-.,.1 a,.,... 1"'Jtl•,-~ua.rs .. 

tend to,et 111-·tlle .,,... ...._. ... seniff;.; C. 

2.3 Need for Research 
.• d ~h~ _; ; .:, . .. , · ~ , 

To fulfill its goal of providing fast, efficient, twenty-four 
.-, . :·., ·-, :_,. ,-' ~; ·r-~ ~ > r_ ~....- u '1 q ~; _:;. · ."., ·H.: • : :: r, 

hour aedical care, tlte CHER has to solve a maber of probleas. The 

first is how to deal with the increased dellalld. Currently the CHER sees 
. n. 

about 100 patients per d«y. The increasing deaand on CHPl in the past 

sixteen years is shown in Figure 2-5. TIM Dllllber of patient·s has risen· 
•: -;- ~ ) r.- ? ;'• ·,y f. i j _j \., " 

froa 19,000 per year in 1956 to 30,000 per year in lt70, while the 

population of Caabridp has reaainecl fairl~ ~'on~~;,.· SUch· a rapid rate 
~. -~ t :"': -~1 ·~ __ ,. .. -.i , ,: £ ; / . :;; ... ~ 

of growth necessitates either a physical expansion of the present syst-
"•:·-" ,. . .., __ 

. , ' ~ ! '.,' -~ ~ ',. ' 

or a reorganization in such a way that the present quality of service 

will not be dlllinished. 
-- .( '~;; ' . ' 

Constraints on the hospital's ·•tbods of Meting this growth are 
.• 

both physical and •netary. Thus sillply increasing the size of the 

E.R. staff .. Y not effectively increase its capacUy. It is probable 
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36 

Figure 2-5 Changes in Patient Arrival Rate, 1956-1971 
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that through analytic techniques, we can quantify the relationship 

between the nUllber of doctors. the nUllber of beds. and the types of 

facilities and procedures to be used. Questions to be tanswered inclu~e 

1. Taking into consideration tlle diff•rent types of 
persoi\nel. tbe nUllber of each .type. Mel tbe various shifts, 
what is, the optiaal staffing pattern? 

z. How cl_ose to operating capacity is tile -rgency rooa at 
present 7 H9'f soon tdll expansion be needed. ucl mat 
resource(s) 'Cl-11 need to IN iacreased? 

3. Is there a bet,ter Mtbod of allocatiM of tlle existing 
resources of tile £.R..J 

4. How does the aaergency rooa's presiti't roh·U-&D 
aabulatory clinic coincide with its role as• eaer1e•c1 
rooa? 

5. How long aust non-eaergent cases watf'fftl"'••'t~ni? 
Should atria .. officer be used to Ned out noa•-rgent 
patients? 

_6. ·"'•t s.f-Ple chap~~, C¥!1d streaaline tile wort of the 
·ex1s•tn1 ·£ctors and nurn'S· of tile E.R. staff? 

. ::: _-:., ~~:·,i-.i. :!"-! ·- r· ~ \ (:: 
l,,_. ·.· ~ wi).1 varicp1ts __prClto,,cl staffl.01 Mel plays teal changes 
d'fut- 'fliW• efficiet,ef- of 't!ie syatta? 

2.4 Scope of Present Research 

The desi$Jft, iapl-,.ntation,. and use ,f TlG£Ra, ldlich coepr~se 
. .- . ; 

L.,i,. ....... , --••• ,,. . .,.- C'r_....;,._, ...... - .... •• J.....~- _t,,._~ ••·••• .,L._......_ ,'< 

aost of the wort reported in this 'docuaant, ictually\iatailecl't1"esearcll: · 

on several fronts: 

First the systea itself had to be created; tbe theoretical idea 

of such a tool had to be translated into a wrkint.J!l.fble- •!'&~ .. that 
•••• ..,,.,.,. ·- .~,...,,~•-•'' < "!. ,,,,~-· , ,-, 

could illpleaent dynaic l!ID,de-la--,1'f"·£.it. systeas. TIie prograa that 

.. evot-"11"·1s b;oad in scope. but specific .:1~'~-~;~~:4f ~~\~r,'based oa 

Cubridge Hospital. Eaergency roCMP are ver:, differept from OJI• 
-··-···---· ~-.,-_,-,_, ··-•--•~--- -·, -, .. ~- ' -

another: deaancts, capacit"y, staffibg. or_..lzatton.°-.ad fac14tties 
<j· (). --
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all can vary with surprisingly great latitude. The techniques 

incorporated by the program, however, are general; and TIGERS does 

illustrate the potential of a mor• general syst•. 

Secondly, in order to use the user-oriented syste■ that was 

designed, a test aodel had to be designed and then illpleaented as a 

siaulation. 

Finally, a third aspect of the research concerned human 

engineeriflg. It was desired that TIGERS be usable by persons not 

necessarily "trained in operations research and/or coaputer science. In 

fact it was desired that TIGERS be a self contained package usable by 

all intelligent (but not especially technical) users, especially ■edical 

personnel and hospital administrators. Usually sucb aodels are designed 

for use only by highly trained te~hnical specialists. It is felt that 

there is significant value in ~aving such a tool be available to the 

non-technical user wllo knows the probleas faced •ch ■ore intimately 

than does tbe outside consultant. In order to insure that TIGERS was 

aade as useful as possible to those for wllClll.it Mttered ■ost, the 

hospital personnel, periodic c_.nication was Mintained with people at 

Cambridge Hospital, especially Dr. Peter llogielnicki. Through this 

c0111Unication, valuable feedback was obtat~ towards making the syste■ 

as useful and usable as possible. 

This report discusses each of these three aspects of research. 

In Chapter III, the idea of llodeling is .introduced; and the trade-offs 

and pitfalls tbat aast be considered in designing a IIOdel of the E.R. 

are discussed. The llay 1972 study by llarkel et al. is introduced and 

discussed in depth. Chapter IV discusses TIGEllS, botb as an interactive 
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tool and as a IIOdeling environment. Chapter V discusses the test aodel 

that was actually illpleaented under the TIGERS syst•. Finally, Chapter 

VI su1111arizes what TIGERS is and what it t• not, ad atteapts to put the 
'; fee,"; i'):/'<_'~;_>-~~ ~J!.-;-;, ;-c,."" 

program in a realistic perspective. Also Chapter VI -spec~fat~s about 
;..,.~ -t: ?;· ~~~-; {1;, h :r{ !:;.b,r}f::1 :-·.:,._,_ __ 1-.J 

the future and points out areas where future research aight be fruitful. 
" f ' ?i" ,t· 

A coaplete subroutin_e by subroutine 0 descript1oa of tlle TIGERS syst• and 

a saaple of source code frca tlle progr• are iaclvded as appendices. 
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CHAPTER I II: ltOD£UN6· 'Bl£. itlEaG£NC¥ ROOlt 

3.0 ftodeling -- Introduction 

In order to apply quantitative aethods to• real, physical 

syste■, one ■ust create an abstraction, a model, that describes the 

syste■ in ter■s of aspects of the syst• relevant to the study. Using 

the model, the analyst can perform experillents wllich would be difficult 
'"J":• "<!', ;· f '\)< {"'..,. ;..,, / 

and/or expensive to carry out on the real syst•. A wall designed aodel 
,; ~ ~: ,. .· ,:-,_it>~~~ ls< .. :c:r-. ~ r ~f: X" f ~ ·:::~?H';. 

can predict how the syst• will react to cbuges 1n its environ■eni. A 
~·-• 'c~ -~_;. -~,-:~ .. i~1...,_ ,,:r:1:;r;~;! il 9t~.tJ :a:,l;·--!s~ si-.. !f~~- .. ;~.;~·1si•. 

model can be thought or as a •black box• which accepts descriptions of 

the conditions of interest, and outputs 1nfOl'lllltien describing how the 

syste■ would behave given this set -of conclitioas. Often, setting up 

these conditions· in the real world is illpracticable; but the ■odel, 

when it serves its purpose, provides an abstract representation of the 

real world which tile analyst can ■anlpulate ■ore easily than he can 

reality. 

Generally, the analyst defines a set of hypothetical conditions 
< · · •d .·:," ··,~ /· ,,,}' z..;. 2,0::JI.sv lu1f;•,.; ,: ;,z ··•,1·• .r· 

by assigning values to a set of relevant input pera■eters, and the ■odel 
!{ ~·i.J .:-.~:-~! ... ' ·iJ· ~ trr\,if~~r~ ' - -:,, ~:- -r <.J,.,. 

describes the syst•'s response by assigning values to relevant output 

variables. For exa■ple. we might wish to uow bow •ch longer an 

eaergency roo■ patient would be expected to wait in a wai~ing roo■ if 

the deNnd for service were to double. A •clel of the systea ■ight 
, - · ; ,. ,:. 'l';: "'. ·.: i121 t: tj ·'} .' : .:' • : - , , ;, 

accept as input the demand for service expressed in requests per hour • 
. : 1 ~ f_:. .... ~~ ~ J _3· ·:, .~ ,.,,, ..,. ~:'} ~,:~ 1 ; . 

and generate as output the expected waiting tiae in minutes. The ■odel 

does not, of course, duplicate all aspects of the syste■; it 
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incorporates only specific aspects in lllbich the analyst is interested. 

The model Just MRtiohN; ror ••1•:, tltild.'d1: p.-..1y sbed little 

insight on the question of how delta.ad would change if the service 

facility ware aoved to another location. 

Often an apparently c_.,lex syst• can be aodeled well using• 
~. 

aodel with a well defined analytic solution. A n abv of classical· 

aodels have evolved wllicb are applicable to __,la clu_ses of rea~ world 

situations. An· excellent 91U111ple is tbe so called •1111111 single server. 

queuing aodel.• Tllis IIOdel assuaes a service aystell involving a single 

server mose service ti. is curacterized by• exponential probability 
}' :·f'..: ,) - ~"~l ',< :{j·~ f. -:c, o-,:c!-,., f;:~. ·:1?~ ~a~ -~ 61> ·10 ;; ;'.1tt~JliJ ;,r~ ;!;s-•:- ,- ,~.,,;J,.::_; 

distributlon function ( IHlf). [ 1] TIie i■terarrival tllle · of custoaers 

arriving requesttq 0service is also usaaed to 1M claaracterized by an 
,:. ' ., . '!. ~; ;,, ,, ;< .. :·· . ·.,'· 

exponential pelf. If tbe server is free. tile etRhlNr receives iaaediat.e 
;1-;. }-" · ,,J. ,·,:,7(, U.; ... :,,w -~b~:::.-..; ~?Ci dJ: Ji~i{.' .•. :.: ?t\J·~-~ _ ,S.-:·. __ ,.t--t 

service. Wllea the server is busy. arrtvin9 caauaera enter a queue •. and 

cuatoaers are served in a first coae first served .... er as tbe server 

becaMs available. 

The solution of such a aoclel yields a Ht of 94uations which 
·:-,_.·;,- .. ,-.; ~ -, J:;l1,-~0b :,;;'c.:~nt. ~d:r ,-.:Ilt>,,:ri,;,,,: 

express such useful valns as . tile expec\ed •itt .. Uae · in the queue and 
f"}·-• ·t~ ~'.•'4-t• ~- - ''t~ :~f••. "'11; ,,- ,t:~,,17 __ ;f1.~_; IC ,:}.(" ; )i, >' ',(!'~.,-

expected nuaber of people in the fll(aue t■ tal'IIS of tile-known or· 
, .-~ : . 7i -r ~·•-: f:: :tOlt.? :➔ '. ;J\"· .; -.:, ·-c,;, t;, :~,.-· C 

postulated par ... ters. average arrival rate Md aver ... service tille. 
~~- -i_-•-:. ;_,l 1. .•.. if'~_f. ~{:,:. :1! ;11:_~ 0.N :'rll;J.t!~ ~~ ,,~£~.r:\::,x,e ··:n·;: .1:#a-{d~1i•·~t.,-,. 

Often a situation does not exactly fit tlNt IIONl Mt is close enougb 
--~, 

l ---- I ··,"1 ·:_::' ~,,;, b.I_:•:·,~.- Jtf~,._,t,.:, ::..:·_·,-,~; 

that significant insight cu still be o&,taiNd rroa its use. For 

exaaple, a situation lligllt fit the above Clll9fti■fl .,.1 with the excep 
. . 
·1~::~r -} ":.!~ ·": , .. _~, . 'J. 

tion that its service tille pdf deviated sa■-at fr• tbe exponential. 
:· ·-::rtt ·~ ,: : __ 1,~·.<. ~--~,;-=--~- ;~-::·! ;i.--:J .. ~~;~-.-.r{.; .!? ~;._,s--: ·::"'n~ 

The predicted waiting tille in qveue. lt!"9ver, aiglll well s\ill be close 
't ~ i" ·_. t ; .,; ~:, ' ·•? ~ .. ··~ :, : . .---:; ';,. (.J • ~ ·'} (°' 

enougb to tile true value to be of use to tbe aaalyst. U is. of course. 
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extremely gratifying to the analyst when the system under study •fits• 
:-"',, . ;:_ \ 

one of these models with well defined analytic solutions. 

Some real-life situations are not so co-operative and do not 

land themselves to such models. Frequently, however, models of such 

systems are solvable using coaputer simulations. Tile simulation 

technique, which involves dynaically siauiating;;;v~n;s• of the real 
~~si:~t .... , ,, ,t :' 

world on a digital coaputer, is generally •r• expensive, but it can -often be used to great advantage with syst811S that are too complex to be 

solved analytically. 

3 .1 llodelly tile l9av ...... y, ~ 

Of.· f~st priQriV :Ml .. ,JUl¥.J~lJ#"~~r_is, ~o.:;C.la,:ify.wl\,ich 

questions..aout tb•• syat• ;11re 1>f iltweU1o; /MWl -...di~ c;M, 

take Ute: 1'-ona "Of •Haw cleft,~ •~•,,atlt: 1"' ,.., .. ~ ._s Xe~: w~h.,-y 

and z and w and • • • P FOl'lllllaUno, -...,11•~:\1ln~,'1~qlMU _l•P.l•t~nll 

two sets of,.pa,....._,,.; • ·set. :Of, ou_,_. i•"'a),,.._~~ ,...:Of, iftpu.ts .(y• .. 5,., 

z's, etc.). 

In this section we ou\li.ne Ollf'~Mh"i\lt;~Ung the 

eaergancy rooa. Basic issues are discussed, and an atteapt is aade to 

coamaunicate the llOde of tbiokia8,.n.c.~uWitY the 110deling process. 

3.1.1 Isolating Relevant Paraaeters 

The quality of treaUMftt,,in t.Jte,~1-•~Mo•PtPl Emergency 

' 
Room -- and in Mny of the nation's ... rgency rOOIIS -- is high. 

' .~ :.-:"..i:~ ~ .. f;,. \ ~.: :t i?:$.l. . ~ 

theaselves of this treataent because the systea is overloaded. Thus as 
-, ; 0 

a first step in our analysis of the eaergency rooa, it is decided that 
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the quality of medical care parse administered to each patient is not 

at issue in this analysis. Therefore it addresses itself not to the 

problem of inadequate medical technologu in the E.R., but rather to the 

fact that reque.st.s for .seruice from the E .R. are exceeding it.s capaci tu 

to handle then effectiuelu. It is asswaed, therefore, that the system 

runs smoothly and delivers adequate service as long as the system is 

operating below •capacity.• It is only when demand for service 

increases that queues begin to develop and the systea bogs down as it 

becomes •swamped.• [2] 

Once it is decided that in the p..._..t ,.___. aeclical ear• per 

through such atrics• cas del•ys e,cpwlenced 4Jy,1itt&w: patient.,, Thus the 

operational effectiveness of an eaergency room system: 

room queue 

2) time patient is kept waiting 
befON cerviOe•~ilf& ;: 

3) time a patient actually spenas 
in service J a,; • . 

4) fraction .of. patient sf,..1'1e 
tille not usefully spent. 

3.1.Z 'Obstacles Inhil>it1ng 
Development or an Analytic Solution 

- : ' ~i :; • '\ .·,· , __ ' ' - ~ ··-

The emergency room is clearly a service system -- patients 

arrive requesting service, are served as servers become available, and 



47 

service, is :ob,0•1:td •ltY ia.e CJcaphx~O•a g(:t"'8;$J~t!'I,. .. ~JI a syste■ . . , 

such &$, tStY, I fOUt• P•irtl forcent, ti £•l~j1'elf ,!f!SY to,Ctle(in,, .a 

clear cut server qct,det'i••··•, dtaiin,& str'fif~ t4taeitc•,,~, str~91i: t,,, the .. ·'• 

patrol unii, ands tlla ·••rvic;e U.ae4~,, the n~r-•f·~'Anute~ tll;at •Ja,se . 

between the tille .a unit is. tliJ1&&.c:hed,p11,-4 f&:1~•,Mt• t.u,w il re51.1■,.s. 

patrol or is. dis1al~b'4 Jo:: aJIS.,,.r; JMtll~,:iF'84H•~6or ffl~J.f.~ 

lJI tlut,,,i.R., •. ._. ~v . .tu.~,fjeflni~-:-9' lw.vf.C,O~i,f.,;,U,-:Sl)f~t: 

in treataent. But ~. ~,ri-.. ,t(M..-:1 l JII•~ ~ ,W· H'1Y.~i .. , Jo .~, , 

police; ••~rol er1.,\e, ~ f.,.,.,._ is..,~.-•••,,,IJtf.P~,..nµ,:- 1,.1;1 t.11• · 

E.ll'• -,CilflPl9',9fl4t l.$/A\ f~~ t--~j:-9 •• t¥JJ:t~~~ ·"" i~ ,,,; :,':S 

server. llut ,thif. .i& cJ~.lJ 1'11M8 .. t,l,c;,, r ~,W,Y<K4',Y ~JAp rH.d..-:~ 

when a JHlt.MtRt i.s :l.YiPt JAl,♦ b..a w,U:MaA'•s ~~r .t:9 ~• 

available~·." the an.a~ i,a. "'1llt, ~• •.,~j41¥,' ~ ct,>c:tor.,J~ .. ~~ 

faci·WY .i,s ,.......$~ ftl!C•~j~•....,.•\:,1'£~ ~cw. were 

defmted .K :~i.SWYW~~<.--.a,NWl,>Jl~~>t-lltCv•&w'"1:l~M-,' .H"'' 

receiving no nrvtce. 

confron-tecl with tile proble■ ,._,,.atttw. _. :Mfl..,.i~:-P.f,.tr:-tta'-""'~, 

the E.ll ... ,:ul of .tfbiQIJ ~~l•--~); 4tlffll•1Cift't ,._,LMM fo~. 

or t.realllent by tru__..-r-...1,•:adbar,,.",pf ..,litAal-·,(,M\~li\M.,. • -

( Persoaael _.s ,ao~~;aean doot-....., ._..W-t-·.JIMl!bU :o.~\IMlt ,._. s, . .., 
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Not to be overlooked is the probl• of-~- eo·••t·witll •1tioclled 

iiae. • A p•ttent is· said to be •blttclled• wlia·lle 'is l#itittag for 'a 

resource' (e.g: dOctor, ftarse, lab reporth;jlNt net t41ctttvftt'·ant,otller 

type' of service. · Lar .. 11116titts 6f blocltei 0 tiM' la4idltetthat .aof'e. Of 

that resoute• , ts. ne•ded!. tft: Ol"ier to .. , ... ,.t.toNlltl~•·••t•.?wltll ... 

rest of tbes,st•. ··For·tx..;,11, a 1 ..... ....,. .... r.;;lleda,wold,_.,. 

wonhless · if, even tlloulll every patient · ..._.a\ifit ._,.iee,,wre 

iallediatitlY ahiOfted aj;h-ct/'lie '$Pot 'a81t1 9fi:flts,,t~tji,ac '-'e>etor 

bloelted•'' Sbt"e:' wilttlnt" ,.,,.,,. doder~ .. tF~•'•'S,s~. i waMeAll 

1111;11•c• wottld h ,nmts: · tr tM ...a _..,1 • ...,_ .,.. dotttws · 

woulct be needeCh or if·• \tae:,.._.,4 ..,... aot.., ·s•"..-t; · _., ape11s. flas 

been wasfttt•'On etra.bWW~ lit· il1ty cluiffft1 ntt,tft9''iy'M•"-.AM~'"" ·I'S· 

ass111Nd"·'dfat vstq 'th4i resotlt-ctf tnt 1.1i',..,s.-.i,er~,ter' t,an6.-or:, ,ft) 

constitutes HrYice. In tile'' ... rgeiR:y rooa. · MtwtfM'r, k k t,O&&U,le to 

b•'¥tt a ·1>•t-ient· Wlto· k ~.11,y,·~tY_, .. , ..... ~;?i.O:'thai 'hia:,1-

; Another ChsS'id --h of M___, .... ·t•, ...... t WO' ..... 

been tr-Ht.eel -and. £1f •--•~atly rwtly -~ci- .wa...-.. -...~IWi.£ .«,. , but - , -

wllo, for one reason or another, is still occu,yin9 a __,,_,,,,eam! a: 

situation ·•i9'1t occvr, for --.1., tn •• "ds .. •or .... _..,,_,... who 

cannot leave unac:eCJllpalli4td, ·but lilllos•• _:et_,_, ... ,, ..... 11Dt~t)iltt' llPP..,... to 

tde NS,OUslrfli ,,. .. fOP 4rltlt. Ano'tlMtr· -•s-- :ef,' -llltsi ,'tf.£:i; ~Jac:uct" .. 

state eN• -occurs •f'er· <E·.R. pftieno;-., ,_...,ftllia._.Mt._ .all ,&.R.w.at · 

aent 'Md a. to be 4ldlll"8d "CO .·tlllt,' bnlf'i-Ul. ;;~•CO:._ ticNqd,bl 

involves a considerable aount of adllint~, •---•••••••· a.Id ~cu:11.t: 

uncOIIIIOn for tile patient to spend coasiclerable periods of tiae waiting 
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for this processing. 

As one gets·deeper into tbe analysis of Ute 8118rgeacy room, such 

basic questions as when a patient is being served and how much service 

he is receiving bec:oae significant. In ttle s.tamlaf'd''&ervice,. system 

models. the only vartatien in ••"tee re~i¥8d l,Jt,vwtoas cus.1',omers is 

for ai patwmt auaply,w wait ,in a bed-fort•:•fQlraerya"°"~· pe11i9d." A 

pattms- 1d. th a- drus: 0¥ffdos..2 -for ,llmlPh,J .U,l,·&1;,1.y,~.t;-ca,-a ,f eW, hours to. 

re leased. A person under observat b111.,uses qp a ..... -btK: :how, tlRlch 

Similar questions can be· auid 41ma:C :Hdi u1:llat·iolla as ,tbose ill 

which laboratory analyses are orderd for ·tlle if di. ,.-rtaeet. •;Tile patteftt 

awaiting a lab report may be receiviaC,,119 VN._..i axcept•0ia ;tb,at Jae is . . 

occupying a bed, and yet soaewhere in the hospital his blood sample is 
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being analyzed. How do we classify this type of treaqaen\'I, \Riera ••• 

answers. 

A significant . ..,-t of •1 analysis is to ...... ,. data ftOII "•• 

syst- N.ia1analyzd••-- llllridt.to Nft:, .. .-....r.,•ainsof,.tlae aodel. 

that,-...~-. .-....-611._..,,-. ... y,,_ara_.e pa~es-~ 

Returntna, onh;..,. \'CO.~ Jaltce ,aw.el--• 1 • .._ ilt lill ...,.._, .ta 
' 

gdllertq· ff • ,,,...,.r,,,_..~fa:tm;:f.491"'8dtu!.,,, •~QJl.:--ciar6 •----• J 

dispatclled-,to;aw .tile nll, ad:....._ _ ___,,._ wd&,, rwm,. Jfatmtl.,. · 

begins s8¥1fce :• -•1d11r •u. •1811 nc•·• ia.:a,.&.it is: .. naml)iy;11a n 
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The problea is•• ~en •re.coaplic.ted-by service being 

rendered by non-E.R. personnel and facil:iiiies. flte 6-'.R. is not • closed 

system. It is coa.on practice to have a doctor ,ealt1td•'·f<rt1111 the' floor in: 

order to consult with one of the E.R. doctors. The most frequent 

occurrences of this type occur when a surgeon or an orthopedic 

specialist or a psychiatrist is needed. Also, in the case of patients 

to be admitted, a doctor fro■ the floor is called to initiate and 

supervise preU.11inary medical care ( care administered before the patient 

!s actually officially adllitted by an adllitting officer). These 

•outside doctors• use the E.R. facilities, including one of the beds for· 

the patient, for what are sometilles large periods of time. Several non-

E.R. facilities may be involved in the care of .an E.R. patient. The 

most comon of these are the x-ray facilities.and the laboratory (used 

for cultures, blood analysis, etc.). SpeciMns obtained in the E.R. are 

taken to the third floor laboratory by a nurse or nurse's aide. (Note: 

"ost patients walk to x-ray,, but if one of the beds of the general 

treatment ro011 is needed for transporting the patient to x-ray, its 

space is left empty. Another bed is not moved in.) 

The reader may note that underlyinf ·•t•;wttr• dirscussion of' 

the complexities of Ute _r,.nc:y NOll:lfas .bun ""'• 0tdea of· Nlance. 

Smooth and _,.rte-I.wt o;..-.tien .of ·UM ·ewQ11Wey 'Hea~·-is al>solutely 

de~ctent utron a ,....,.,. INl~ .e~:htit11•t'•01it' _. a.a:ne'le resoarces. 

There is no ;s-ingle ftf'Ver in -.-=,._,_..o, rooai. ,..._,-art• vseless 

witheut personnel, and ,ersonnel- aN:w•le•s•'1itta~ 1:a,:ip:l&e• W<t«Of"k~· 

Carrying Utis ido one l,e,l'el further,.. doCc.t'S 1c• 1do- li:tti.1t unless ••re 

are also enough nurses in the system, and nlff'leS;' 'ffl' tvr1t, are only 
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useful if there are enough doctors. •• -raiaal 0 11Ulitv of an 

adclitienal 1111it of aay resource ia Jliglaly ••••II n: upea _die'. existi119 

quantities of ot~er resources. 

3.2 The llay 1972 Study 

In Ray, 1972, one of the first efforts in -rgency rooa 

analysis was undertaken by Ran.el, Purks, lllielcls, and Weissberg. [3] 

Their purpose was to gain insight into the interrelationships betwnn 

nullber of beds, .staffing patterns•, and arrival rate of patients; and how 

these par ... ters affected the quality of service as.Masured by the 

indices defined in Section 3.1. The study wu OH of the first .atteapts 

at quantifying these relationships. 

In soaa ways, the TIGERS IIOdel is an extension of' the work of 

this Ray 197Z study. In tbis section, we therefore discuss this study 

in considerable detail. In the last section we •de an atteapt to 

c01aUnicate the type of thinking necesnry for IIOdeltng tlle E.R. This 

section, in addition to describint the work of Ille lay 1972 study, is 

also an extension of that att911Pt. 

3. z .1 8illplU'Yinl A§1••p1' ions 

It was dMicled·•rb in UleLWlY~ ·tltat .. :•eraeney reoa 

could be ,viewed as ,a•-.J.t~-..r~ •.-,vtce . .u.st!llll'i as:4e~~, .ifl 

analysis (Md ef,.&tctton i.U it _.;,uc..,_n, ta ...... l!Jl;...a,v, of . 

siaplifyi .. aa..._,uon. 'Alb b aecasuy ·bar ·•Y ,aodtliflft ·-tu"4111Cn•; 

concern can .only~ overllea4. 
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It was decided not to ,incilude pn,-8111Jti1V.tt eaer;genci,e.s in the 

model, because the vast majority of the CHER's,s,at.i.ents ac~ non~ 

strain the capacity ~f the syste• •. , fur1dlenaor•. •lUrough,,a11 w,-gency 

etc. is at this ti• used only for pre-•pti.,,.a...-.genota&, ll&t fer.·n•~ 

emergent patients.) 

Another assumption involved peripheral facilities: the use of 

the psychiatric, pediatric, gynecological, and alcoholic detoxification 

facilities and staff usually does not involve --•rs of the E.R. staff; 

and the facilities used by these departMnts are independent, for the 
,, . · t.i r,·,, · ,, ;,_ ' 

most part, of the general medical treataent rooa. For this reason the 

mathematical model did not include these facets of the E.R. 

The physical capacity of CHER is about seven patients in th• 

general treatment rooa. There are five beds in this room, and new 

patients are seldoa called in unless there is a bed free. However, 

there are also a few chairs; and many patients, not in need of a bed or 

who come back froa x-ray and find no beds available, sit in chairs. 

From the physical size and layout of the rooa and froa their own 

observations, the tea determined that seven was a reasonable estimate 
:;,_, _,, ~~.:r~jJ ,',: ,~,hr- ,, .l .. ,'f, 

of the max:uaum number of adult patients in the system at one time. (The 
.: ._, ; 

nurses almost never let more than seven in the rooa at one time. If 

there are many people at x-ray, then even if beds are free, no more 
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people are called tn: thus .tint· roaa ta 1Q'81'.ntad·frta beeoaine •flooded• 

when thos• at x•ray return.) 

Because Ille raw of arrivats,• liiGIK·•• '1W,,.lit• was dec.rided: 

that ·it would be inefficient to i11entase'tlle atvltl aaft'tnv, -abcMI· Ula -

presen( -..,tntenfi Policy: <If;~•..., •••• ;to IIIIIJ:Jnlndlwd.by- one ·. 

per SOIi'< .-rr:tva, tile .~ can .D1l ·,.-lH1ll_.1....._I\ JJillai.m,sp~ far -

help. Thus, .Ille "fluk•·,.t•al .. ..,.1 c111n•&1 __._.,.- dllr'21111 isttuatioll 

3.Z.Z lite Two 8tap lleclel 

The •in obJec:t to be IIOdeled was Ille geaeral. -treataent ro011 • 
• ,c" ' •. -., :·; 

Typically a patt•t is called in by a nurse, lllllo usi111s bill a bed ·and 

takes his vital si111s (pulse, ,..,...ah-A, etc.) lbefore he ls exaained 

by a doctor. While a patient 1s la Ute -.-.-cy r ... he 1s seen •nY 
r:-··_ ,,_ ;_ ·-·-o,~~;t:J. ,·-·· {f:~:-Jh,.:},'f'~ ::.•.·1,;1n~t\'; ~:.:; ti' -:,f 

tiaes by a doctor, usually for periocla of a ... , •. or two, rather than 
_, ~?. ~ I .~ te' ~ -J ·.:, < ;-~ .:! t L :. _ 

for one uninterrupted period. In adclitioa to Ute ...,.oency ro011 doctor, 
.,· ~ ~, ,,•~ ·-:;:,, .,. fr. 

the pati•t also receives a llllllber,of nen•....-geacy roca doctor 

services, such as laboratory tests, x•rays, coasulting physicians, 

nursing, and rest1ng and waiting. 1'ltese •non-act.or• services overlap 

each other and overlap Ute doctor tille also (e.g. a nurse often helps• 

doctor treat a patient). To be absolutely true to life, doctor tiaNt 
. . 

should be IIOdeled u tbe s• of a randell ...._r of randoa variables 

interspersed witll a rucloll nllllber of r ...... l .. tll --doctor services • 
. ,~~ t ~;~-,. :.,_, :\:,:;.S,;..'( ,-;; -, >t -~ .. _;-.-:·:~·rf~rr :tkJJtf 1o- ,tt-c\::r~.r~ ~~;~.-'f_l·:-.,;·,.:: .. ·rt 

The approach that the tea took t-,.ds fitting the eaergency 

rooa to a aodel with an analytic solution was to divide the tille a 
, ·: h fi · . ~ <':'r:H·, -;:, f~ :·~ · 

patient spends in the eaergency rooa into two cat..,,-tes: •doctor• and 
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•non-doctor• time. That is, a patient in the emeratM-3"}"'* ~•tve-1 

two services, th&se of a, doeter antt·1t11es• er a14. oUlW f"•tUttes and 

personnel. An inherent tapertant ass•ttwr~lflllee6"• a-, us11~iott ~ 

their model, is t"f·all non•·cfocter t',_ aN1.a:F1· doetet 1 'time'are,: 

aggres,aud into two un1.nten-uptect serlice-"'·s,ttttvts /' 

:•!All PRieftts; ar•· as'sumect· to·W¥att1 tlriilis'-t-M 9f ncm"'-doctw 

services ·r1rst~ This·-tncludes nurstq, W.ilflf'~Wn.i.erelliJt'le\ifcY-'-NJMI' 

doc~ on i COMltl tlni, lrasls ;· get'ti1r1t 'a lllobtl' !tefi -of; ~iif,-, "er: beltig c: 

under--,01>Servtlfto1f~''· 'Nnt,•'iw'.,tWtiodtil:'tal1. 'tifit~ W·'ieitin; W':a' doo~· 

for an1 •ilMbterNqrtect ·,ertbd of' \:tile.· -1ilen 11tif llbcN- 'NI~)•~.; 

doctor1 'ftmctions (·•·· g. bei119' ., .. -. by tiottl a'~ Wiril~ a' iftlrse,:; fin{ tliN; 

ta:- counted' ... be-iq ~tor· ttae-.• '·' ; ;. " :; . .;,;<.· : '.: , ,·.· ;' 'i ·;, v··,',j;:; 

·-atc:._s. •• ,.., aNf-'~ttt wa\ ~:11--a\'--- Mwt j ,u, t1At~-.rs,1Mc¥ 

room at one tiae, and one of these is tlae staff doctor whose i'f'ole ~);,' '· ;:_.,,... 

thei:wetkal'lY '11 ifs a ~ .. ,, •• NJ' ;~tUt"lMWnS·, ~-or ::People 

beliig· -treat1td at 1111?; onie fillf•"'k :v-.J"iy".W:,t11.W~•.l-'•' Wtle0'Ulette 

are seven '-t,eu,• on'lt-'tllree ·of'•Cllliili caW:!IJe-wetiibyi4,tioft6rt-' ;•"t:•'onc..: 

The CJ'lhers, if ,__,4taftLfiltisbW·~ \Ml' 1"11dttoP.---, fill(f;.~ ,· :. 

meclk•t,ta-ea~ ,IN(q~ttiSC.-N).,' .. ,~ ,., - 'li.llHf . ~;.;, 

Si1iee ··.it•-Ufall'deetdad•••~ttt•,ct1.iw,~1,..,s . ..iy·ow,''Clle 

physical ·c-.aoi~ 'alldrtk IIUlllltr of 41,ctc,nil'.Oft11t4f',CNEl'fi"t11Wtr _,.l 

does flO't expU1'.r!tlY•~t 'for flUFffifl'JiNdHlil ·:Jit...,1S','i---Hial 

stadew~s. 11rdef"ltn;'; ete. Tft~la.-.., 11N1■1tW1PJ"-fnwt11tdl81i'MAI Mo~ .. ~ 

ctoctcrr ~itN ef a pdlient. , .. ·: 
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3.2.3 .. llodel ..-.ctw-e 

TIie te•'-a ..-,J. of- tlM .._.,-,._y r.,... iai, ~:J.■• Fj.9_1H:'e, ~l. . 

Sevea ••-t.i••ta qa be,- ~.Je~-•t· _. ••. U...,.;, ... :4tllC•-.-,t.-t-l'.'ecet.v.s-- &.wo,: 

b~sic type~ of ~r¥1,ce,:, •do.c_tor.:• Mfl; •~.P'~ 5 "JIM, J,v~~-~i•JI~ 

can be in the syst• at __ -, ~ •. Ol'lY, --~ «,. f~ .{.,~tlSI ~• -

are thr .. ,~~1' • •wJ-~:1 a.-~~--~GC",.t.-,,,,,.. tM19. The 

r,,_taJ.q.,a~i'84-S,-wilL,,-.;iher··bf r,-,~~~:.•.r~:~•"-,t.frOfl u i­

eaer,ltlDiCYt"OGa doc'4\r N-~---- ~~~ .. -~.AAM lllf:~;~t\f' ,w ~ 
""9 .• 111~-·~ t•.~•- -~~-tiM-~1-mt"!lhr,~M·.~1-: 

-~~ - --.,~,-· • U X -~er~ ~~~-•~~~~• - ,! -· 

t11en, 7~ ... •~ ~i.w."tor ~---~~' -.u.., fpr ~-:~~ ,·,. 

services and for waiting to see: a clector.-::,,1;;A ,_,__,J._ ~~ \q_ f4.?n1- t.,n 

~- ol,,,µ.e fmt.,-J.l.- ~- ~---1,J; M¥ 111.-11; ..,._,__..J_, tit• 

.. ae,-v1ctt:,iauare u1•.tt.e-a.·w•tcut•A~~, ~-~~~---· 

· of -cloc-tionc-" non .. d.1Nllctf1,;~ •( ~-~A u. ,At$.,l4'1f, ~--~•: 

of ~--••:•i~•o{,~ ,4an.- k...,. aU'B-.., >--.~ •. LJll•­

distr~ON ..,_.J .,._ _,_.,.~ •• ,.._.-._.~iAn~•--·,.,lM-

Man doc\osr,itial,m:-.!:tlU•••· ~l.----"Mll~--~-•:u.,.,.,.~ 
the paraae~er- lift. - For the rt..- ~>ef • ..,_..- ~Y..._.._. ti.-. ...- · 

8Mrgeecy, NNll.a«lc~•-•:sW•·4tc_,.·~JIM!i,,-t~~l .::J"C1l-e,, 

acttUi.M • ~••lMIMi'.t!O r\11.e~.w,_..1::,Dllittta•r~sll~tl -.~~, · ., 

deliver prillary care. Because tile staff doctor .l!IMM\ 1,5-~v~i.Jt;ot-; 

help or consultation while he was a prillary server~ it was assuaed that 
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the average time needed to care for a patient increased; 

instead of 

was used 

The arrivals to the syst•by hour of tbe day for a one week 

lOOX saaple are shown in Figure 3-2. TIie arrival fate can approxi-tely 

be represented by a Poisson process- with all adult arrival_r•te lallbda 
1 • • . 

which varies frOII' l.2 people per llOur late. at ·•1g111- to 4 .-a oeopla per 

hour during. tint day. The IIOdel has seventy-six states, Adt­

characterizttd 'by the nllllber of patients being trealed by f~ilities or 
T { • • 0 

staff other titan an E.R. doctor, the . ....,.._ RJ,n1 treated by an E.R. 

foctor, the nllilber •blocked,• and the n_,.r in tlle 41Ueue. Length of 

·tlla waiting roca queue was U■ited to five in order to keep the llllllber 
; . 

if states of the syst• IIOdel fro■ becoliat;g •reasonably large: Also, 

qbservations indicated that very seldo■;..-e tllere •re than five people 

1n the waiting roca at any OM tt.iae. 

The preli■inary work of llarkel et al. provided evidence \hat the 

two stage queueing aodal can be useful. Tllare was, however, a:..-..se11sus 
] ,·.··• r: i:\i 
1 -~ .M 

'that a cailputer si■ulation would probab~y yield strcillger r••~t; ·:'; Ftrst · 
, . ; -~ 

a siaulatl• would be auc:h ·•r• flex1&1~ -- ...,."lff~•· of raeiir.cM
0 

could be easily MAifM&lated. Secoadp- S,.n~• no. palytic solution would 

be need.ca,. •·.fewer aillplifylng assuaptiona would be ••cessary . 
. ; : 
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, q -,11~.t, ta. :Ola.,+er J,, Ma#-: K~:r~I\,._.-~ ~Y.._.4_,,b-)' 

the ~~al:, ~f 1;,:rMH1~1 ~1-\,lltift .,..'tr,NAA9 R.; ~ ~ " . ' 

hosp,~,t~ -.a~J.S.~ffO,;',, · H~~ ... ~ ~ ~iW-dJII.AJJ\ ~ . >·' 

c~"~~~ Aff,. ~-~t ~~-~-~~~~Of-~~ the 

IIU-Jl'~• Jite. ~--• ••Jiflltll.~fll'ittf~_,.. M':M'~tlMiD~ -r1t~r•HR~• 

the 9r,tatM, .H.f~Jlf, * ,..-k;•,e.f ~ltk,!.,._,....,..,.~. .\-:-n.~t .. ·, 

out,er~.._;,f.tN IIJt,,J 11t ••·· ~Y-t£.lattflfil.S,.-.-.~ 4-v•~ 

with two aain goals in ■ind: l) to design ud ~ .ii $~'911r- · 

based 110deling environ■ent 1ffli.ch would necessitate fewer siaplifying 
no 1. .;· sI ~r: . .tZ r ~::1- t de a "!ti _J • ✓ : J · ___ •·. ·: ":, -~ .:·;: 

assumptions than the aodel developed-liy-li'rtif,-··,uris, -Sliields, and 
~. ~ .~.•~~r · - -~ ,],: -1 n;·:,_:. .. ~-);.:IiS<.: tl ,1._a£,,z.~!j;,1v~~ ;:,.~3:J:--:~ -.~;_1·: 

Weissberg; and thus Mite possible a aore datatled ud policy-relevant 
• 30~3i tirl !o~~m !dl ~~~~w n~ 

modal; 2) to develop a aediu■ of ~nicatioa for presenting the 
L . ;' , .. ,,; ... , 3 :- , ,;,.,_;:st~,~Z ,;;, ;;.sS;.;_~l1X& !'!OlJ.afur:.< c·i:C c;,:;_· .. 

quantitative results of the analysis in• int•itlve ■anner requiring 
. ~<::lLXS ·:v:i ~ . .J.J::I "-: a"1LJ,J;.J1 e!Ub:ttfo~ 1·\J,.,r!}:,~ l-SZ!:i•j ~i>-1:,/· . _ . .:,;;{; 

little training 1n syste■s analysis to c..,.-ellelld. Pursuant to the 
., ~ ~- • Sr' , / ,:, i, : rtT , •., -:. -·· .·l\ ·: J } :isl J .&t~ bntl?'" 1 f!JfVS srt-,J -:1.~tb c·i (:(: --r 

goals outlined in Chapter I, the priaary researcll effort was 
~ -,: sf <: -:~ : : -~ .) ~ :..1 , : to J t~ Ho:; ::· dS :a~ n sms "1 :> 9 l; :, ; ~ , ~-~ J: i .·. 

concentrated not on designing a highly accurate IIDdel of a particular 
.< :;r, qj •.. v; rrt .;;;_;,,·"'.;" ,<•i:J ,,, ,.,.., r-•, ii'lAt 2'n:1HC5"'1i'tl' ',:·'.•• <;'('" ·'. .. ,,,:Ji.:,)"''' 

eaerae-:icy roo■, but rather on ciev~i~t ., • t~l ttbtiit ~o~ld be used 

fo~ -~u~h' a 'pur~~; .? ; 

Any an~lysis. of a publi~; s~~t~ ~i~'~'"1~~ ~-~~~~~~ily a co-
_ _,·;,~--:~ ... ___ ;,,.~.l:-, :.i11sv~ tt~n~-~i t..:_,- rn~ti•-- 1-... ,·a-_,-

operative effort shared by the analyst and the public aclllinistrator, if 

the project is actuaiiy to result i~c',~~~;~ti,~~::iih;."g. •~;.,:c·~he
0 

~~~~---
Ii,, J1l0·0~ J [t!_1f'_J: f:t!J'"l ~~ hf fafJ 

The analyst has effective ■athe■atical tools ud skills, but it is the 
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administrator who has intimate familiarity with the problem at hand and 

who can keep the analysis on a track where it can be of other than 
ir ·, .. --:~,) ~;r~., 

academic value. 

In this chapter. the Tool for Interactive Grubi-ca3t-iaerpncy 

Room SilDUlation' ls· di~ssed i1t detail, as'ttie"-illvii:-~ ti'~ ~cribed 

both f rfiat; t1Nt 1Htillt of' lyt* -or: 'da• ~piW' Mllrltaift~ lid that'' fif 

the analyst. Ve ftts-t · ddtne • ~ of; s'lWl.ittoit;~ whlc:lr" m·Eaa -

is based. ' We then· int-rodilee tbe· 'ldM ot'st 111 •i»hffil··m.,_tte&· aftd, the 

modelinff 'Pllilosopby: wtcJti _..s tff' TWttllDAI. ffesilllrll 11t-''lttfferent-. f'f"elll; 

other simulat-iiJn IIIOAl&. .,_ 1,..._, •• .,. viewpert:-c _., iatei-aetta Wittl -

the a,de,l -are ~." _. finally, 1aet idlN iii t'Hllii 81 a I ilaode'liftO 

4.1 Interactive Gra@ic~l ~i!!!•tioa 
• , "i ·- • ; • ~ ,1 , ; l 

simulation. in ldlich tbe IIOdel .has associated wiUl it certain data 

bases. and the simulation executes a sequence of events ldlicb •Y change 
::!i;)~· ·; ' ~;~'1~ , !,~;, r; •~ :--:!·-:_;:t;.fii, :=.~-;j "fi;- ~;.J.iiJlt'f:•-~ ~f'.-_,:.:~: :-_;~;•;,:, · 

these data basu and/or ac:bedllle future events. for exaaple, tbe model 
:::,•~, ~-: (: .. - .~ .. _.~~.ZL;:··.f /.rt:f~·i•"'t~: n.t. L~' r .. a.' . 

· might incorporate the even •send patient to x-ray. • Tilts event cbanges 
.i·~ct· , ... ·.f•;..• : .. "~ ·t.·t:;..: .. ,~ .. 11.~ 'i:·:i} ~l -~a •1fd~) ,;~1 b~~:J .... Sti~ ... ~; . .,_:;_ 

two data bases: it decr ... nts tbe count of nUllber of people in tbe main 

treatment room, and tncr .... ts the count of tbe number of people at x-

ray. It may append the patient to a queue of patients waiting for the 

x-ray; or- if no one is currently using tbe x-ray and no queue exists. 
V :? j~~. r i -;:.l ···'.io ~, "r_::t ;i -~ --:~•~:..:; -.:~, t t· j ··~,1 :r • • .· -. 

the •send patient to x-ray• event will deteraine how long the patient 
- ' .:. : >; ~'i :· ~~ -; . . 

will be at ,c-ray, and generate another event, •ret11rn froa x-ray to tbe 
! i ': ""·": ·.; , 

main treatment rooa.• 

) 
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In a typical computer simulation envir~i •.. ,t~ ~• of a . 

s.imula.tion progra .i,Av,olves thrn steps: 1) A,••~fc,f ps-.aaaeter· values is 

det.enained. 2). lhe S¥111la,i.o, •" •~ ;(or,,a.11,15tM\:MJtfl• .of $4M, w 

number of events, or .until, s• ;JWflf\,.,condillr,.- ,~---•, 3) The,,prifl-$.ed 

OU"PUt of' the vabu,~:,,-8,f -'l&riul,s , ....... n-.n.t ,i.f!' eMIOfl.-t. Th•.se 

three ,steps :-.y be ,,repMt.ed'14 11Uld)eg iofdtillea,"' l&Ll,t!lie(!onM~ 

cOBDunkated. to U..·uMr ,froa -,.. IH/'Olff•· ia ,tr--t\t.ecl ,it,ro"9h the 

•printout.• 

The abil:...,lty ,of-the, TIGQ.S ·•ttOlffI .. dlilhrs "ifr911 ,·that of IIIOSt 

other siaulation pr.oar•s~ A,si111'11Uoe HftfFiliEUstft clllJ,.-.t~1;twe 

gr ... ical-~oc•••• i .. ao1 a.-,prooeuit,taiolliMialaillsr.cM,illtMUa '"o~ 

co..anileatton •ltetwe•n &he useF, .. cl·:*h• ~ 1tD•xa•11,1on 

ca.uaiuates ·with. tll• us•r, noi ihrOIIM ~r~JR'ie,out.,:.bul tlltc>'lall a 

dynaaic gr,apllical «clisJlay·,Hi. a.;Qi'w&ee,..d:,aroutll alata,~•cliu■• JiiiRI 

keeps 'tbesuser; C'8tiaaaUy info.....,,ol,,$11e,~Pl'*Hlllws\attttDf .tlteJ 

simulation., Asdte aa •ntOl'ieg;;-••-..,.....sidt..._,3siaul•*••n-.:,tbe ._; 

user has ille ;al,i).,iCy at _... itari H .siar~ •r•,$tN.i'•*"'i•1•latt.on or make 

parameter= ell-•• or r.eQUeu, t,f_....QII .. · ;Jqr 1Nesaci4:.en1rapllieal 

. na,ure,faciUtUes. use.,by 0 t-.4~; •·' Plllliic:o-i114sir.•t•r.-as well as 

.. by the ,rained -~~" .. r'f'. ~Yil'i- llltflllt ...... 1 tta.-.~,-.a.;;,&;s '' 
sy•*• ts •ccn&tble l9y IN,t;II, Mt ,tfmrefortr;:Calbbs.fu-llY, serve as a .. 

fec:us. tewards a-i11Mt11si a .,,... ef.fleGi.v~ 11iU(t..:;:;.,J~'UI• Mxt~ seci.tons -w 

shall discuss in greater detail the r-■ificaUons of thtiJ.fa!.;;-flrNM•l,, •nd 

interactive aspects of the progra■. 



ltl~·• llll,IJl]IIU-1:~ --~ 
• - ' -:~,-.~t;;..• ... : ... ;• :, -•~ • . --A 

..... •. . .. • · .. ' :.~~f . .c :o::/f:•· . . .. ··.•·· ... ···.· '. .. '., ....... ~,,~,:- ·-_ ...... ,, •. ,.t 
. ' - --. - _.J-:. . " 
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4.1.2 User Interaction with Sillul.ition Prograas 

The key _f .. wre introduced by a high degr .. of interaction is 

great flexibility, since flexibility t•s w sltaU .ctncus below) is 

be broil.a down tn•o · three c«tqertes. ' 

system. In order to e:xec~:i. one nan of :a siliullft,'fofli;, •IM US'er ffee::ldes' 

upon a set of paraaeters, types, ,._.;IIP ...._1i)f<Olt~llehe4'nro), and 

submits his deck (typed prograa) in an ill'P'lt bin. Hours or days later 
' . 

the user can pick up his deck and printed output froa his output bin. 

If the user wants to try out another idea, he aust go through the same 

process again. 
J 

The next category of interaction is that of standard time-

sharing. It is significantly better in that tbe user colmlllnicates with 

the prograa not through punched cards, but through an on-line 

teletypwriter. The user submits his Job fro■ his console, and the 
...... l .,• 

t"•J. :_ 

computer types the relevant results of the simulation on the user's 
., .. ..., 

console in minutes. This is, of course, a significant i111>rovement over 

batch processing. 

A third category of interaction is interactive not only in that 

the user can change parameters before-running each version of the 

simulation, but also in that he can interact with the simulation at any 

time during its execution. Such interaction was strived for in 

designing the TIGERS prograa. The graphical trace allows the user to 
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follow the siaulation as it runs, and as leng es it lvok~ interesting, 

ha can lfl it conti- w ,..a. If he ·s.es a·:iat.....ctng. state, he can 

temporarily stop execuCMR .- 1nv.-i1.-..,ae ••-- .iff •cleld-b- If he 

IQ.shes W• ch.._. ,a PaNlleter at •Y ,u ... ~ .. tittle, stlillla&ton. he. ;ta 

process whidl t ... ...,. can .... ,1 ..... 11 i•ente Wld ,tn ,,llllfi,dt Jae, :can 

participate. SUch a proor• is not .r211d :u ._.i;lbf'.Nc.SUIIS cleecrtbed 

earl~. Mlia cllarac,er.iae .• s,,,.ottaer slatieu-i ·1ille·41"ai,lltcal trace 

crHU4 a •#••ioa --- . ••t r;tJ" M'JDfl._. _.._ ....,. W· u .long,· ~ ; 

Oftly u lon9, • ••, u~r: . ._ ,1-t ._fqJ..- . -' 

'j ~ .. ' 

4.2 Interaction With the Slaulation 
I 
I 

I111tl ... ntin1 an E.R. IIOdel under TIGEU necessitates interaction 

with the pro1r• at •r• th.-a one level. TIier• 1a no rigorous 

hierarchy, but if forced to differentiate, one llight isolate two priury 

facets of the use of TIGERS. On one level, the progr• is an 
' f ". : ,: 

interactive graphical siaulaUon with which the vser can experi .. nt with 

a given aodel through use of the pr09r•'s two operating aodes. On 
{ 1, 'I!. ·' i,': ~j ~. 

another level TIGERS is a •deling-environaent were subroutines are 
' 

written and data bases are structurally IIOdified, or soaeti .. s •van 

newly created. 

In this section we discuss in detail the use of·t11e interactive 

progr• to experiaent with a given aodel. We will refer to the 
"; :,'_., 

experiMnter as the uaer of the progra. We describe below the •n-

•chine interface and the UH of TIGEU at the •user level.• 
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4.2.1 Physical Facilities 

The prep-• TIGERS collllllUnicatn with tbe user primarilt through 

the gr9hical display on tlM CRT-scope. Th• user. in turn, can give 

com11ands to TIGERS through the -hand .. beld'st7lus (pen) and tablet. 

( There is also two ... way communication thr~ tile telety4>ewriter, but it 

is generallY uaneceaury at the user le¥"l;-)- · 11te :"-ility is shown in 

Figure 4-1. The user sit$ in front of,:' tilt CRT;•'!-- the tablet 

horizontal directly in freai of_ hiai:t~ilfl ~ tabl~t allow the- user 

to Wpo.ift(" to ob,tec·ts dtsjla7etfc'OIJ:~~-•-i:>itt;"table~:~l~:-• surfa<:e 
- - ~- .. - . ·- -1,,~ • - ~ • ..,__ - • 

th~t is sensltiva ~ tbe:",osiUDII of tlle stYJ.u•-· The surface of the . . 

tabl;e\,1ups i11~~ tha:'fke- ef taur ~- -,_.~tJMtt~ouchita, a -.,oin,t on the 
_c - - • - ; --·:· __ :·· ,~ • ~, • t . ' . :.• ,c •• 

tablet wttll the :Pd is like -tou~bi'llg.::"9. ~~ing. p~~t on . the 

$COi)& •. Jn- tll,ts 4J-.Ssion when we n'f..;t,,•_
1 
., ~--1~~-•~t. on the 

C •• -,•''.\~: , -• ... , •• • 

display, •t t•-4ktuaHy meant is toudlq :t~:correspondi .. ;
1Jio,~ on 

., . '" - -,-.' •, ·",. ~ . -:<_ ?' ,• ·, .. ~.--· ... ·_ •. 

:.•',\, 

touched b,y.t~• ,n:;.,,,,"1d it 1$ Ulrough the display buttons thi_t.:,t1>9 .. yer 

c;atf JJjve ..... ~\o.:.;::li&ier~tse coa~nicate, •1•; T~~:'~{: :f. \miRs, 

initt•~·tae~t• .. of .. :~ .• _.:.,~~• an executi•;~. •;~,~'-tla~ion 
. ~- - .. -. ' . .· ·- "• 

looks lite this: 



ii4!i.$4liil%A@ AJJ@AtA. 

.. 
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0 INITIALIZE 

Whenever the square is •bit• (touched) by ,th• pen, the states of all the 
'1 -- V 

resources are reinitialited. (A aor-• dataifid ctes4r-t~tion can be found 

at the end of Section 4.2.2.) 

TIGERS operates in two possible •11e>des,• ftodify and Simulate. 

Simulate is the 110de -in which actual si•latfcms tai pli«:e, and llodlfy 

is the mode in which the user can change the values of various 

parameters. When TIGERS is first started, the prograa is, in Simulate 

"ode in a •stopped• state; i.e. the simulation is stopped. INt ready to 

be started. TIGERS is inac_tive but listening, waiting for a comand 

(i.e. for a button to be hit). Th&"ClT ,pl 'U initializeci Siaulate aode 

appears as in Figure 4-2. This is the stage upon lfflich the scenario of 

the si•lation takes place. 

4.Z.Z Simulate ftode 
. - .-~--

TlGUa' ._tege: is coap.os.ad. of. thirta11if~'s1p.r.au . s..tctors: ltain, 

Blocked, Waiting,, Lab, X-ray, Shock, E.R. Staff, On Call~ Lounge, 

Nurse~, and three unlabeled sections. (Uocked, Shock, and Lounge are 

not used in the current implementation.)· Each sector re~resents a 

different s,-sYs'tea of the emergency ro011. The mobile aiemenis of the 

systea are tile niGk -fi911res -With .various, .. .suped beads ,fu :Figure 4.-7) . 

which represent the patients and the emergency rooa personnel. For lack 

of better identifiers, nurses have triangular heads; doctors, hexagonal; 

consultants, octagonal; and patients, square heads. Numbers and types 

of persons in each sector are indicated by the presence of the 
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t1RIN 

.• _ _. , 

1• 

_... ...... __ n 

,.,1c, 
.tmr;r., ~ 1 ... 

' / :'~ "', . ,: ,; , ,.fl ~ ;, I : :. ~ ; ·'" • • ~~J ·, .. ' ~ ' ; .:} 

Figure 4-2 The CRT in Simulate Mode Just After Initialization 
. '. n:} . ! ,,._ -·,r : .. · ·1; 
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appropriate number of the appropriate syabol (stick figure) in the 

sector. The clock at the bottoa or· tll• 1 scPee11 incltcati1s tht elapsed 

simulated t::IJpe since the last START of the simulation. 
, . 

Three of the sectors are indica~ of •••itable eMrgency room 

personnel: 

Nurses -- emergency room nurses 

E.R. Staff. •••doc~s H.nc1:Cld111Cf' twtern¥'.anipad · 
run, t<iae -i. ttwe ....-geacy f!OOW· · · 

On Call -- doctors who, although not stationed in 
thei £.R. ,' can·be oal1.1HI tnto--'th--t1R. •en 
1 t bee:Olllles:-c- er..,,._.. 

These three sectors indicate number of staff who are on duty·and not 

busy, i.e. ready to treat patients.· Thus when the program is 
--~ • •'"'i :j.;:: .,..; i. ~"",J.' j i"' ·~i 

initialized, these sectors indicate the total nUllber on duty, since at 

time zero none of the staff INllbers are busy. Thus the para■eters of 

the model of Figure 4-2 are initialized at four nurses, three doctors. 

and one doctor on call. 

When the siaulation is initialized, no patients are indicated in 

any of the sectors, because patient arrivals do not begin, of course. 

until the simulation has started. 

The sector •rked •waiting• represents the waiting roomr As 

the simulation generates arrivals, they are assigned to a bed if 

possible. If this cannot be done (e.g. if no bed is free, or all nurses 

are busy), the patient Joins a queue in the waiting room. 

The area labeled IIAIN at the top of the screen represents the 

main treataent room. The bed-like objects represent beds. Associated 

with each bed are four •fields• (Figure 4-3). Field 1 is the patient 

location field (Figure 4-4). It indicates that either the bed is not in 
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use. the patient is in tll• be~, or tbe ,auent is-at x-Fay. Field 2 is 

a patient state indicator field (Fipre 4-SJ. n •Y i .. di~a-te the 

following states: 

OBSERVED, -- uo•r observation. Gften a Nt.i"t will s:t~y in 
an E.R. bed. soaetilles for several hours, staply to 
ascertain tbat he is ready to be nleaucl. Patients with 
drug overdoses, for e:uaple, are often watdled for a while 
before they leave the E.R. uns:::· .. ~ . ,,, 

LAB WAIT -- lalt -.locke,t. ;•1t4Jt9}-fDl';,. l,at,~),-uul~ •. 
Often, a patient's tr•taent;u,wi.,...,ati . .J.,lds:. test 
results are back fr011 the lab. 

EXIT WAIT -• Uit'-,blOA.etl., O,n_~0 ~,U"e,taent..,,;"ut exit 
delayed. Delay aigllt be caused by_ ..,_.._.tr, ..... , red tape, 
or aoaettaes sillply by lack of tr...,..-tetien. 

.. 
Tbese states are critical because patients ill these states account for 

•ch of ·the use of a significant E.R. resource -- bed space. 

Field 3 is a •server indicator• field (figure 4-6). It •Y 

indicate either that a patient is being served by one .or the E.R. 
' ··~ 

personnel or a consultant froa the floor, or that tbe 9atient is in· a 
. . 

•blocked state• -- receiving no treataent and waitillg for such service. . . 
: • ·-.- '1' y ; •• , .~ • .~,:_ ~ :: :.-. ':: ~.;,; . ;.~ ·i,- 1 

Field 4 specifies the •type• of patient occliJtying the bed 
; ,., 1 ~ •. t.. {"°.; ) ( ~~~Ca-~ -,,. ~. ,-, ·; "> i:,, ' 

(Figure 4-6). Patients •Y be classified by type of treataent 

necessary; and by aonitoring the types of patients in the aain treataent 
.. 

rooa, the user can ascertain llftlich types !lake tbe greatest resource 

deaands of the syst•. 

•in a typical •scene• there ■ight be a couple of patients in beds 
:~~ .: .; ; ' ' .. -; -~ 

being seen by doctors, a queue of patients waiting foe the x-ray, and 
! ·,. 

several available E.R. personnel. A change of state (e.g. a patient 
.. 

aoving froa bed to x-ray) ls displayed as it occurs. The user is able. 
1-· 

for exaaple, to see a patient sent to x-ray, see queues build, or notice 
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FIELD 1 

□BSERVED-r----FIELD 2 

Figure 4-3 Four Fields of 'TIGERS Bed 
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FREE RT x-mY 

Figure 4-4 Bett Field t: Thre,e-,,..,Possllll!!t States 
"· 
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.. Ft9ure 4-6,. Bed· fiield·,~; GlNfdietf:., f;iafd, 4: 
Seven and Three Possible States, Respectively 

A ,, : 
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a patient in a blocked state waiting to see a doctor. 

Figure 4-7 is a typical scene 1fflich ■ight appear on the CRT 

during a TIGERS siaulation. In the Min trHP1ent roo■ we note seven 

beds. There are seven.·patien-ts in this scene, six of which are actually 

\. . ~~--'"-i"· . , . ..,,, --
Note that tw& patien~J, .. are •alt·i~~1Qr ~r:~ .. lily~ .fe•ults."./ The 

' ' '· • ' . ·.• . ~ > ,...,,1 ;_ ' . <.: . , ,, 
eaergency. rooa represented "ty •ts ...i *• ffllftef by·"tllrft tfoctors amt, 

- . ~ . 

~ nurses, and bas one:l!floctor oa, cal~,.. ~\:1~S,,-.'t':·;l'sy (bence 
. - i - ::-• .. - . --~ -'.,~:;_ .. ' - -., ._;ii ...... "~-· -. 

Ute patient in tbe nurse blocked state) • .one.er the doctors ·is busy and 

the doctor oa call -is available. One pati•t is _., observation. 

An illportant aspect of tlae display is tllat•·it is intended to 

lend intuitive •feel• for wat is ...,,_i .. as wll as convey 

quantitative inforaation. It is for·tlais reu• tlaat fllleues of patients 

or staff are represeatecl not as 1111111trals, but as actual collections of 

stick figures. A -crowd gathered in tile waiting rOGII conveys a aacll -,re· 

intuitive idea of tlle pro,arty •crowded• uaaa· deu Ula n ... ral •11.• 

Siailarly a blank space in the x-ray area conveys tbe ideas ••pty• and 

•not crowded.• 

It ■igllt be argued that the nu■eral •o• c-.micates as well as 

the blank space, and that the nu■eral •11• does as •11 as eleven little 

figures. The author contends that tllis argu■ent ■igbt be valid if one 

were only interested in the state of one data base, say, the waiting 

roo■. But when one is interested in tbe state~, the whole syste■, the 

stick figures-e--.nicl•· ..ck, •rtt••ff.-lvelyJ~, ldW::-nu■erals instead 

of queues of figures adds one level of ab,traction. If one were only 

watching one queue, tllis abstraction ■iaht be insignificant; but when 
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several data bases are being observed, the extra lev~l does become 

significant. 

The two unlabeled sectors, in.·,t.he 1,-li_·r1.-·~~•rner 'ol the 
'i ,-

screen contain the l~~ ;...-!JI ;.il'icll ~c,rf"W.!t!!CIJ ~~~it,)zW. U i1Jt Its 

which TIGERS will a«;ept in Sillulat.::-. •. ~.~--• as follows: 

START ~- .starts ·'-b•. suuWion .. 

STOP -- stoat1 th• s:laulation. if it i~g~ ,._ _,,; ; 

. ·- .~t:: ' CONTINUE -- allaprs U.• user to cont.iaae'stlliKa◄ing,froa 
point at lfllicll hef STOPpecl executi•. tbe 

: ; 

'. l. 

INITIALIZE -- rdnitializes all deta bases to •:rr• ~ 
initial state. Waittpg rooa, lab, aad x-ray are ead,t1ed: · 
all beds are Mde fr.._ ,11 staff are llllde avatlal◄. 
' > • , .. 1- ,,, ~ ..... , •,r-- ., .. ~.-:" •.. ·-·-· --· - * 4 ,- ··-- ·- - ... ~ 

5"ATIITICS r- really two buf!• + OIi displays Jin the 
unlal>ep.ed· sectorf at tile bottoll of tile '•r•.• -::r• · 
stati~ics sacll •s total llllllber of ,a :l•U illat Ila• gone 
tbroulfl tile •~,...rtta '9itiatl • . Md anr service 
tiae.: i Off er . . at.lea. ( ... 4Ktion 
55) , i ~ t 
•• · .. '. t ,. ' 

f"-: .. ,,
7 

:, , llode. ~~FY :·
1 
~P• ,t~;., sillulation f .a:tctaes .te lllodtfy 

--- •.-. ?, -• < -' T - -•,-.J~• ••••' ,J.<,~-

4. Z. 3 ft~ 941 -- Changing Parwters , 

.:;~.!~;~~;~ ~~1ble for tlae user h alter crtttcal par,-.ters or the 
---~ 7 . 

~t..,.ttGJtadt': •lf tille that tbe siaulatioa is sto,,.cl. All changes are 
' 

-d~: in,:~;t,7~, and swUcbing to llodify·11ecte auteaat4cally stops 
1·~ r, ; i1' ;Ht ~vi Ir: i;,,t 

' .. ._ · sial•ti:ea.- 111t-,·tlte ttreant· tapl••••H• ~.~··itfttry t,o · · · 

ftodify aode the display appears as in Figure 4-8. The etglat paraaeters 

in tbe upper left are the sillulation par-ters lflaicb the user can 

modify. It is a trivial operatiOl,I to acid or ..,,ract frOII this set of 

paraaeters. w~ i iri it..-' ~r~~t [Jtwii~ti~l£ ~~'{1ts 'a~~~ u~r~ the 

untrained user to do tbis autoaatically. Alteria9 die set of 
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progr ... ing, albeit a staple on. 

The lower half of the screan in llodify aode is known as the 

•blackboard.• It consists of a •writing :;~-.~:-~d!lsP~Yo•)ll~~~~ 
' f :-~ "."! ~ ~·f"i .~ 1~' 1· ,_ -~;: ·: ~;· ~··:~. . : _ ,,-

associated with the ten digits, a deciaa~~iH>i~~t~-,P~.~r.eiefs.e 
~ "'! -~ .,:; ,. i,t•• -. _-::. '~~· _,.,; •.. . -~ , 

button. The blackboard is used fer,::~~- t~t·:tw~M!,~ •t' in 
<:a' -·-1:~. , •• :-. ,,. ~-:· '. - . .': J_ -

turn used to assign new velu.,,.~ p~>,~·-~11
~~~ ~xt 

-~~· : ~\ ?- r ~- _ ·~ ;t ·t 1-.:t·-
s tr ing, • wtaicb upon entry to llodify _,. is. tu null stFing tno 

characters), is displayed in tile wl~t•• ·area. llluever any of the 

digit buttons or the deciaal point but-ten is hit with the pen, the 

associated character is concatenated to tlle end ef the current string. 

In this aanner, intqral or noniategral ~rs can be •written• on the 

blackboard. The erase button is used to reset tlle current string to tile 
:1;t:·1to; · ;ffr,1', :tr .1~.l.l.:hi 

null string in case tlle user wishes for soae reason to rewrite tba 

string. 

When the user wishes to change tile val11e of a paraaeter, he 

touches the associated button. TIie proar• responds by displaying 

•cff81tiit-tdV YALU£.•~ Thi user t1111tn •iteil a ellllblr, Ute law value, on 
~ . . 1 -. , t'"" ~"' ,-,,-· ;.•. __ 

-'· I~ W -.•' •• 

the blackboard. This done, he bits the paraaeter butt_on again, and the 

value of tbe paraaeter 1S changed, botb oath• scrND and iD- tbe 

blackboard is being used. The user is IIOdifying tlle x-ray tiH 

par ... ter for Type 3 patients. He has already hit the paraaeter button 

and is now building the text string representing tlle new value. The pen 
\,_~.~,, b '> • ,_ .• : .-~-~•;;\_, ~~~,<.r-- !/,_d, ir:J.aiG 29~3U~-T fJ"->--- ;;.•,,4~ 

is still on the •zero• button which appended the last •o• to the text 

string. The user's next step will be to hit the par-tar button again, 
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_a_K_,_LA __ ,._a_:_s_1J11.1._-_-'"_c_-_w _______ , ___________ . __ __:_ __ y __ J 

Figure 4-9 Using the Blackbciard i,r·;Mijdify; Mode 
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_ ~hereupon __ the aver.as,• x-ray time of T~pe_ 3 patients ..,~11 be changed to 

20. O. The interested reader.,tdi1 .,._.,~ ac,re detailed description of 

ftodify ftode in Section A.13. 

After he has 110dified all the pir'~\·:.tf~ b ~-:~ to 

change, the user can return to si•l•~~'~M;j~ijj,p .\~,#~ TO 
<e>. .,.,, fl'·'- 5: .. ..,,. ··.· . . . : 

SiftULATE NODE button it1 the lo.,.- 1J~f fl~·;'~ .,~;-,~~ .. 4f(~~r 
continu.e fr• were tbe s1~,-ti_--., lfaS W4:.tl:~-~~'S~• or. 

t ~: ·-~·~ V t } , ,,_. .'?. 1· ~::t~~ ~ 

lie can begin anew by bitting IIITIALIZE followed liJ .,..ARY;·· •. ' ' ·-· 

4.3 TIGERS as a Bodeling Environaent 

In Section 4.2, it ws 1N11ti0Hd that. one aigtat differentiate 

aaong levels at wbicb TIGERS is used. We fNRd ta,at TIGEU, frOII· the 

point of view of tlle experillenter descriltecl ill t~e last section, is 

sOMtbing of a siaulati119 -.i~ ~ftll .Jllt.i!lljle cu set the values of 

critical par ... ters ud investigate tH aodel's belYvtor under these 

conditions. But tllis user level can only exist after a (hopefully) 
s.m.: 

valid •del has been foraulated and tlle appropriate progr-ing 

TIGERS as a aodeling environaent. We first discuss aodel foraulation, 

foraulated aodel. 

4.3.l Creating a ftodel: World Lines 

~~~,f~~::~frlf~';-r,~~~:~;,~~~ ~f=irr~~t;\s fonaidable. 

The probl811S faced by the ftarkel et a1: group (SH lec:tion 3.1.Z) also 

face the analyst using TIGERS. However, the siaulation does allow the 
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analyst considerably more fle~ibility than that team.had working only 

with an analytical model. The'."arkel et al. group was forced to 

aggregate all emergency room service into the two classes "doctor• and 

"non-doctor• services, whereas si8'Ulation can take into account 

separately such peripheral services as x-ray, lab, outside consultant 

and nurse. Nevertheless, t~~ is no avoiding the difficulty of the 

task of creating the iaodel.,. 
• : "t l ·; ,J )'-~ , 

Developing a 110del in tIGERS usually aeans writing a scenario 

describing how given data bases ah! to be unipulated. A simple 

compatible with the TIGERS envlroraent: a worz, line is a possible 

course of events that a patleiitJ~ experience froa the ti■e he arrives 

at the E.R. until ~ ti■e Ile. txiu. Tbe tar■ is used to refer both to 
... ':__: , ... , 

the actual sequence of events ,nd to the sclle■atlc diagr• describing 
; 

it. 

Consider the following possible sequence of events which an 

accident ¥1cti■ ■ight experience. 

1. 
z. 
3. 
4. 
5. 
6. 
7. 
8. 
9. 

10. 
11. 
lZ. 

Patient arrives at E.R. 
Waits in queue. 
Called into ■ain treat■ent roo■ by nurse. • 
Seen by nurse. 
seen by doctor. 
Has blood-sa,le tat,n.and sent to lab. 

: . - ':-1 - ' 1., 
Sent to x-ray. · -- · 
Lab test results returned. 
Seen again by -ct~r~ 
Seen gain by nuriwj' ' ' 
E.R. treatllent te'11inated. 
Admitted to ho~pU~.1

0
~ ., 

.. '.,__i I •• , '•, ;,._ 

This sequence of events can be described by the world line shown 

in Figure 4-10. Another patient'with say, a sore throat, ■ight have a· 

much less eventful E.R. visit described by the following set of events: 
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ARRIVAL 

I 
WAIT 

I 
NURSE 

I 
DOCTOR 

I 
LAB TEST ORDERED 

I 
X-RAY 

I 
LAB RESULTS RETURNED 

I 
DOCTOR 

I 
NURSE 

I 
ADMIT TO HOSPITAL 

Figure 4-10 Example World-line (long) 

ARRIVAL 

I 
NURSE 

I 
DOCTOR 

I 
EXIT 

Figure 4-11 Example World-line (short) 
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l. 
z. 
3. 
4. 

Arrives at E.R. , 
Seen illndiately by nurse 
Seen by doctor 
Released 

This second sequence ol events can be described by the'.world 
i } 

line; in~'Figure 4-11. 
i 

~.patient arriving (l,t_.,t1a..,i.R. has many possible world lines. 
0·1u .j, :',l 

! 

His visit may last anywhere frdm a few ■inutes to several hours, and his 
. ' 
I ~ 

,;t: r 1ff.fi.~•-t •_.j~1,e quite simpit,/~~,.J~tre■ely coaplex. ftany possible world 

lines can be combined in a •rld lt•e tree. The world line tree is a 

events which a patient uy experience. Consider for exaaple the three 

world lines in Figure 4-12. A patient in a hypothetical (and highly 

simplified) e■ergency rooa ■ight always exp.erience one of these thre.e 

sequences of events. In Figure 4•13, we have a world line tree which 

incorporates all three world lines of Figure 4-12. 

Whereas the world line indicates one definite path of a patient 

through •event space,• the world l~R\.fri indicates a set of possible 

paths. Thus if one is told that a pa1ien't bas an associated world line 
"rlox-··,,·n 

tree similar to that of Figure ~~ 11".'~s that the patient's path 
"'.,.,.~ ' 

through event space will ,,J.-.-'l,'.i'~ of the three ~ines of Fig~re 4-.lZ • 
• ........ ,.. ' I ~:~•,:,.,· -'I: '""""A 

Each node ~oi- ,a world line tree with a uniqu~tI,ie:!'branching out 
i 

from it indicate~.;,~ in space-time where only one thing, one event, 

can happen next. ·"'fhis ~-;-esn-.~.s indicated by the single branch. A node ... ·--
wi~~rf(,:t,aan one outward branch, ~~Vitf c indicates a point in space-

,-· f ' i fit' -~, f" . ~,,:-f>'''-.' ~ .J • \ 

; .'. ~·· . '. , .... "'.... . 
time· wtaer·e··several possibilities exist. In order to indicate the 

likelihood of the various possible events, a prob4bility is generally 

associated with qc:IJ-.br...,ab of. ,th" ~ea,~i~c.h £hat the su■ of the 
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probabilities associated with the outward branches of any node is one. 

It is also desirable to have information about how long the patient 

remains in the state represented by a node. Therefore in addition to 

associating probabilities with each branch, a conditional probability 

distribution function ( conditional on which branch_ is chosen) is 

generally associated with each node. 

It can now be noted that the world line tree provides a 

mechanism to fulfill the need expressed in Section 4.2. In that section 

it was stated that developing a model in TIGERS means writing a scenario 
.'~· -1,-, · -~l~- ~J~\~I~{ft ~J, . J .. ~ 

for the way in which the given data bases are to be aanipulated. We 
',,.-~ ;-_ ;--,, ~ ' Q :: J!t:f· ,~.-~f;~u-.tii.k ~n~x~l1.{!t'::i ;,~ -; '·:: 

note that this can be done in three steps: 
{ ,.-";~,~ 4:;f~~!: i:~,.·: ~1 ·!t~! b1-'iiI>fiJ a.t }l~Ji.; !iJayJ.nt!f· •~xr: 
1. foraulate a world line tree which incorporates all 

th~ po1si&,leiftrldzliNJtt&Ht..:aiall•11Ni1a..-u~Wo•tth !a:;,~ r 1" 

patient arriving to tbe syst•. 
·-"F":-~• .,_..1;1 ,w t,2-b.l::sP ,,.1,f J;;{!,;ni; 0.11;;- ,;:; : , 

Z. Assign a probability to each branch of the tree, 
,sush:etbu &lllP4\lllilof U. ,rolNdlltt~ef dezt>tuehe&.£below-' 
each node (except the terainal nedes) is unity. 

3. Assign to each node n probability distribution 
func&ioas·~t•••••,• ts.ttae--•1•-1•1'!>..,....._ w11atlng. frm 
the node) that give inforutioa .... t 119W long a patient 
will spend at that node, if he reaches it. 

are near zeroc. nae:, TtGEU- pnvra dlffe,..t-latwa UIORt _.tient types by 

assigning different- sns: oflff0det,:,9dt'.S-•tt l>~"•robuilities 0 te each 

type, of patient,. (The,. proi"atllHr ••• ,•ffectl••t,-·'. alsiWft'ltlfferent· '~rns 

to each type, by settintl tWUih<,~ll~1vlf't¥M_.ou,,i zffo~i • -ffie 'jeb 

ef the' analyst in destgatng,:I, ••t tllf,fJms.,.t-1 tll-fet1lillate tr-e.:S~ 
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which ignore the largely irrelevant branches and incorporate the 

relevant ones. Once again we are faced with the trade-off of accuracy 

versus progr-ing overhead. Clearly if tll-e-aodel incorporates details 

that have little effect on paraaeters o-f interest. coaputation-ti .. is 

wasted. On tbe other hand, if not enough detail is included, the model 

aay not provide useful results. 

Thus altlloutlt be does have considerably •re. flexibility than he 

would have if· -lie were using aalytical •itlotls statlar to those of• 

llarkel, et al., tll• -lyst•user of,tTIGIU still caaet avoid the need• to 

llllke careful sillplifytag asSU11Ptions ·tn -..-.ting a aDClel. 

in addition, once tile analyst llas acMlecf on tile • ....,_. of tile world 
i ."·;: 'i.:::~-: ~- >'; t'di \ .. ;."1

•~~ b ~-\f~ll.2.A ~. 

line tFH. i 1& P-to&r.;.. asst•: ~alaa •• ... IMNliltJfdf !1& aatt;bruch 
,:~,1~1,·1, :4 7 .,,; ✓ ~r:J>!Hi: -~-~r!. ~ .. 

probabilities. . The only way to do tbis is to tale careful data in the · 

. 4.3.2 lllplwnntton 

, llet-1,ue,.salcl-. *.&·· ft&IU-1 ca;•1 ~ ••J aa: eavtrouent irr 

which \lie ••lY•~ caa taai ··• _ ,, noa_.l~ •:oiap1-ntt..,·• 

(at. l•••t. not yetJ •. · ,lloweqr:, TlGEQ,...,.1111kto~~,•1•1fic,antly 

e .. t,r;- it.provi.4,1$t,;Mt-.of ~9uUeff •. ff#~]$,: .. d da*•i~••••-'wll4cll 

~ APlYS~_ ..... ld~~..., .... ,~•• 0 io,,.4"491t_,~lf~.:jf•r "-1l•a• «slaSSi.: 

data bases hillself. Rather the process of illpl .... ting a aodel u_sually 



..,. " .·. __ ·-·,._ .... -. 

91 

involves modifying the data-bases and routines already supplied in the 

system. The main features which TIGERS offers the analyst are 

1. A •si11t1lation frame• consisting of a protocol for 
defining events, an events scheduler which keeps track of 
events and executes thea at the appropriate ti.lies, and 
routines for adding events to the •schedule.• 

2. A set of data bases and routines for managing them. 

3. A •basic set• of co111e>n events such as •send 
patient to x-ray,• •schedule lab report,• •generate new 
arrival,• •release patient froa syst•,• and several others. 

4. A set of graphics routines. Alaost all of the 
graphics is handled automatically by TIGERS. TIGERS 
supplies functions such that any graphics handling the 
analyst needs to do is trivial. 

The interested reader should consult Appendix A, in which these 

resources are discussed in depth. 
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CHAPTER V: 
AN IffltLEIWffED IIOOBL 

5.0 Introduction 

Chapter IV introduced the TIGERS environment for modeling the 

emergency room and described int~-Uen .-ttll,tba program. Since it was 

desirable that the environment be demonstrated and tested by at least 

token use, a preliminary model was designed and implemented on the 

system. That model is the subject of this chapter. 

In designing a model, one aust continually keep in mind what it 

is he wishes to accomplish with it. IC.ey questions include 1) In what 

aspects of the syst• under consideration is the experimenter 

interested? and 2) What parameters i,nfluence these aspects? 

Specifically, which aspects of a patient's visit to tbe emergency rooa 

are being investigated with the model, and 'tfflich fac\ors associated with 

his visit will have so■e effect on these items of interest. 

5. 1 Desiga of tile lledel 

Sectien l.l.l discussed which as,ect,.or ._ eaergency .ro• were· 
of interest in the e11rrent research. • W. utaltlit.lMJd -\bet .f,or our 

purposes the •ergency roo■ can be viewed as a sarHr ,ayat•, and that 

the followinG ,... ... lffs ,are relev•t• indicles ••f ?tit• eperational 

effec't.iveana of ·tile Utis s>1a1:•:. 
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1) number of patients in waiting 
rooa queue 

2) time patieAt is.llapt •t~iDV 
before service begins 

3) tiae a patient actually spends 
in service 

4) fraction of patient service 
-•UIMF,fflK ;uaf'.uHy ..._ 

Essentially, the task decided upon was to combine the available 

emergency rooa resources in such a way that ~be patient tiae spent in 

the system is kept to a ■ini1111■ without sacrificing quality of medical 

care, thereby ■inillizing patient blocked tiae. 

As has been discussed at length in Cllapter 111, the definitions 
. ,•. 

of blocked tille and service tille are not easily arrived at. We noted 

that a fine line exists between the. two. For purpeses of the current 
. ·, 

model, it was decided that any state in lfflich the patient is using no 

emergency rooa resource except a bed shall constitute a blocked state. 

Otherwise the patient is said to be receiving service. Thus time spent 

waiting for a laboratory report or under observ••-~~c.ifoC,"C_.tM-ed -i: 

l:t'btekadntuw.-, 0 .'Jllei r.-01H.1191Ntlhld tilts tKUNllbis .Qa.t ,a rpat:fent 

should be' c011$idr.d it,Jodect , ... 1,1,-if lie 'ti-• ,,.,_,ll., '1Nlllti11 .. jup space •. ' "' 

smooth operation of the systea. Thus fo~zc•dfn•rit111llie■11u11wldlt,'".l il 

the four blocked states are waiting for doctor, waiting for nurse, 

waiting for consultant, and waiting to be released froa the syste■; that 

is, doctor blocked, nurse blocked, consult blocked, and exit blocked. 



95 

In Chapter III it was mentioned that one of the advantages of a 

simulation model over an analytical 110del a la ftarkel et al., is that 

the simulation is capable of taking into consideration considerably more 

detail than the analytical 110del. However, unnecessary detail can only 

impede the modeling effort. It is desirable therefore in building the 

simulation model to take advantage of the capability to explicitly 

manipulate details, but not waste time on non-productive computation. 

Ideally, one wishes to consider explicitly in his IIOClel all such factors 

that do have significant effect, while at the saae tille keeping the 

model as simple as possible. Too much detail is a coa10n pitfall in the 

design of sillulation models. 

As a first step in the building of the aodel, a number of 

questions were formulated which explicitly focus on illportant factors 

contributing to patient time spent in the systea and E.R. re·sources 

used. These questions served as a basis for the IIOdal des.ign. The list 

of questions follows: 

ls the patient's problem especiallu non-serious? This question 

is important because, as was mentioned in Chapter I, a large number of 

patients requesting treatment at the eaergency room have in fact very 

minor problems. (See figures 2-1, 2-2, 2-3.) Such a patient should be 

dealt with explicitly in the simulation model because he demands rel 

atively little of the emergency room's resources, and his stay is 

generally short. 

Does the patient need x-raus and/or laboratoru analusis? These 

are two important hospital resources, the use of which always makes a 

patient's stay in the eaergency rooa significantly longer. Furthermore 
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if these resources are needed, the patient frequently uses 110re of the 

valuable resource of E.R. personnel tiae. Delays caused by queues at x-
. ~ 'f ~ -" ,'f ' 

ray or backlogs in the lab also cause a drain11 on bed space and o'ften 

constitute blocked tiae. Thus a bottleneck in tbe x-ray or lab can 

eventually ilanifest itself in longer service tiaes and longer waiting 

rooa queues • 

. I& an outside co•&ult••t required? Solletiaes the emergency rooa 

doctor finds that it is necessary to call in a specialist (e.g. a 

surgeon) froa elsewhere in the hospital. Even aore than x-ray or lab 

use, calling in an outside physician is a sign tbat the patient being 

treated has a aore coaplicated probl• than aost and will therefore make 

relatively large deaands on E.R. resources. Furthenaore delays incurred 

while waiting for the outside physician to arrive constitute blocked 

time. 

Doe& the patie•t require ob&er••tio•? SUch patients are of 

concern because they often occupy 9119rgency rooa beds for hours. 

I& the patient adaitted to the hospital pro119r? This question is 

important because often much tiae is spent in adllinistrative overhead in 

admitting a patient to the hospital. Such tille can be considered 

blocked tille. 

Once this set of questions was foraulated, the next step was to 

devise a simulation algorithll to illpleaent various possible world lines 

of patients. As stated earlier, the objective was to 111ale such a• 

alg.oritl,,,. a& si•ple as possible wttllout s•cri/icillg the abHit11 to 

ansu,er explicttlu the aboue questio•&. The aggregation technique used 

by narkel et al. was again eaployed in the design of this algorithm, 
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although fewer simplifying assumptions were •ade. 

The world line tree upon which this algorithm is based appears 

in Figure 5-1. Briefly the algorithm can be des~ribed as follows: A 

patient is seen by the doctor one, two, or th~ee tille~, depending upon 
. '•. 

the complexity of the treatment needed. On visit one it --1~ first 

decided whether the patient has a problem which can be especJ.ri-ly easily 

and quickly treated. If so, the pa~tent leav~s the systelll quickly and' 

does not see the doctor again. Otherwise a stcond visit .i~ scheduled. >·:· t . ' . 

It is also during visit one that it is dectd•d whtther the patient will 

use the x-ray or lab facilities. 

Doctor visit two does not occur until after the lab report (if 

it was ordered) is returned and the patt-ent has returned from x-ray ( if 

he went). During visit two it is dec._ided whether irt,o.u~tside consultant 
·~ 

',"-..... 

physician is to be cal.led. 

The third do<ttor¥isit occurs only if a consultant was called. 

The patient may see the doctor a third time when the c~nsultant has 

left. Note that the JftOre complicated a patient•~ ca&•~ the larger the 

demand on the l,R. Jacilttte~ and penonnel. 

At tllis P;>int the ('eader int'el"u_t~d in further technical details 

should read S.cti.ons· A. 7 .2 and A.8 which descrfbe .tt,_e model in depth. 

Figure A-5, which is especially useful, is a nowchas:-.t'' wbicb describes 

the algorithm used to implement most of this three-visit model. An 

important aspect of the algorithm is tnt· alL·~tstons based on chance 

are binary; t.._ ~re algorithm is ba9!d on yes-err-no q!lestions with 
' ,,.~ ~ 

probabilities of yes (or no) set hy the u~er. It is felt that by making 

all such decisions binary, the user can manipulate the model with more 
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' . Otil. 

OBSERVATION 

I\ 
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HOSPITAL .·."'q~~.~T 

·,s·,-h•i/,n:J ; n tl~ ?. '~ · 

' I{AIIT . .REI.EASE 'j 
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Figure 5-1 World line Tree of Current Model 
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control than he might otherwise. 
. . 

A goal.of the model desiQn wa.s that major factors influencing 
,;, - .... .• 

length of patient stay and amount of resources needed to be explicitly 
? ;: J 

variable in the model. These are the varlables in which the 
. . ~·. t"t·, 

experimenter will be interested. In Section A.8 are itemized all 

parameters which are set by the exper~nter in the current implemented 

model. We note that each of the critical _questions mentioned above is 
-. ·. ·,i-: •. :-"': -:·_ •?' ,- ·t "-° ' 

explicitly considered in the model and can be varied by the 

experimenter. 

5.Z Defining. Patient Types 

the world, Un• tree diicussed in tlle pr1ivtous :section ·rlpres•nts · 

all possible world Ulles for· patients und•r this tist~m6dtL ·· · Tfut· 

values assigned to each node and branch, however, may differ witti each .. 
type of patient, as noted in Section 4.3.L ·,or the sample model, it 

was d•cided that thrfle types of patient would be i■ptemented. 

l_n choosing to iaple■ent three types of ,.patten-t in this model, 

the experi•nter dtvldes the ;opulatie,.- or ilfrfflag ·1tatt•1tts into three 

classes. TJte criteria 11,en •ltit;lt tH$ ·ttfr,Utoif:ts"'Hsect 'depe-nd ·ape11 tl,e 

tnfomatton the user rtsltes to extnrct froit: Ute 1110del. · 8y setting 

certain world line' probabilities to un-ity~and 'otflers·'.to :zero, the user 

can effectively assign a stngle 1 type to, aU"w,atiints ittli certain world''· 

lines or classes of world lines. In this aan~e-r._the user can isolate 

any particular classes of .patients that might hold special interest. 

For exaaple, suppose the user were_an emergency room planner 

interested in drug-overdose patients who spe~d a gr~at am~unt of time in 

the emergency rooa bed under observation. These patients, once initial 
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treatment is over, often require little additional treatment. They do, 

however, ~ften occupy a bed for hours, tfi~~·:~tng
2
'a significant demand 

upon the E.R. resources. The planner might.be looking for ways to 

reduce the deaand on an overloaded eaergency: •rooa, Md considering 

setting up a special observation area for such drug-overdose patients. 

In setting up bis TIGERS model, this user assions all patients of this 
t• _: ,-1 ~ ~, ~f; (/';,'_:;,. _.e, ... :;1 ' ,'P-t 

class to one type, say type 2: First he sets the arrival rate for this 
..: ~ ~!¼ i.;r-,•·l~1;~,,.~~- '.~~: ," · 

type to the appropriate nullber based ondata gathered at the hospital . 
. 

Then he assigns the value one to the probability paraaetar which 

describes the probability of of a patient's un.a•r.-i1t9,,.9lp1erv~~i••~ 

F!~~,lly --•-;a~Ji9ga,:Pffr.-et'tf l(ftJU8$ fas, \IJtLttlle~ .-tr,.,, ,,..ttattd, '1• the 

fact tha~ · pati,11~s-of.-tlle~: types .-clJM~J"ts(,~f :,;Qe gr•f• ..,~,allJ 

WIien tbe ex,er,..nter finally ~•• ,11a. ""'1•U.qn, II~ iJ alJle io 

explicitiy obprv•-~hew-, .. ~- of ilia DV8fl?F0¥~1i,1,:1J ,.,,,,. ,,,..e-, by ~be 

type 2 PiltieRts. ilsf, -IJY 4ett1n1 the ,arriv«1, r•t• tc,., ierq,, ,he can 

obaerv, tll~ eff tt.:t,,, qf,,r•v-ing thu j 'rN:;fl'tit,r,1y, ~'r~, t"• • NMtrfleJJC:N 

ro81!1 {tr.a,s~l)' ~o tlle, speci~J,,ffSttfrJt.l ... ::artt~~ ~ .. ~•Jg~t·=•"1Ptic~. that 

the ramovaJ of tile t:y" 2 e•iilnlt ••4-, JµtJ, 11((,~ ... Qt>,h~1,,iuh~ • A@tice 

that the introduction of the ~Hcial •s~"•tloa,~••. h~;$O"-Y«.~,th!I, 

ov~r~,rc0wdig9 prob~M of-tbe, ~1•,.trea .. t 3 f~~ tc< 

5 .3 Assigning Paraaeter. Values 

Before running a simulation under TiGERS, the experimenter must 
-· ;. !. .· :·'. ;~., ~ ~ i ,- £ .-, i ~ f ; . .,_ ~ f Ct' ~: 

assign values to ail the variable paraaeters of the model for each 

patient type. Figures 5-Z and'S-3 are the sheets"lfhich'the experimenter 

must fill out in' ~rder to supply paraaeter' values. for th;· current1y'''1■ 
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Value Variable 

x,.3,.5 XR? -- Is an x-ray necessary? 

X,. 3,.6 2 LAB? -- Is a laboratory onalyiifl 1·edne<t for ?: 

I, o, o 6 EXIT I?_;.. DC>fJs the r:ftftien1·e-xr♦ irn-med'iatetv after 
the· first doctor visit? 

.5, X, X 3 NUREX?-- lf·the p61i*ffl tloes teov·~ immediately, 
does he see a nurse' 1itst ? · - ·', ' ; 

X,. 2 ,.1 4 ADMIT?_..; Is the patt'ent to be_altfdmffted to the 
hospital proper ? ', ., · · . ., · · 

X, 0 1 I 7 CNSLT ?~- Do•s the' ·~ti•ril se~o a consult? 

X, ~,.x. 5, OUT-A~J.E~-q>NSl!LT? :~ I! !~e. pgtient does see a 
consult; do-es he exit •iffimedmlefY · after'; seemg ··a consult ?· 

X, .2,.2 8 OBS? -- Does the patient under.90, 9 period 9f 
observation before he' fe<Wes fhe;s1,,,I~''?_ - ___ ·· , . 

Figure 5-2 Currently Variable Branching ProbabtHlies 
( Typed nua:nb~rs refer to positjgp .· in Pr~_sch vector.) 

' • ' _, - • • ' ' ., - _l '· • t . , ; ,: - -~ ,~ .• 
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Value Variable 

X ,45,45 ADMITT-- time spent in administrative 
11
red tape" 

waiting to be admitted to the hospital 
II II 

X, 25,25 2 ADMIT2 - - time spent in administrative red tape 
waiting to be admitted to the hospital, after hov ing undergone 
a period of observation 

X, X,25 3 CNSDRT-- time spent with a consult 

X, X, 10 4 CNSLTT -- time spent waitin~ 'thra consult 

X, X, 20 5 DRCNT --~ 'time spe'nt on ~ec~nd d~cf~r visit if 
co nsuU, i $:; -~l\~d~l@4 -.· , . : . . . . -- - >'- 1 

.- , S1. X,·l< :6, ,QRIMEX_,.-r- ti.,wt s,pent"~tti .doetor,o•for8 immed,iate 
exit r,':-: ~,:;,_ 

x. 10,.!0,;, ~1Dfft4Xl-T -~ timtl ~n,,t,,wjfh--~qr,~ fi1st ,do,rt~r 
visit if lab report but no x- ray is scb4t~'9~ 8-1~w ., .. -,. , -· · ·· 

X, 11 . J S ,,,P~l -::· t~m,#•t~~:- ,~th .. A~cntfo~n ijrst-_doctGr 
visit if no lob report and no x-ray a-re schedut.d.: , 1• ,, 

X, 15, X. 9 DRT2 -":",, tinur,s,pe~t-. wi~J.1-11-do.ctor __ ,R!t~~ec~d ·dottor 
visit if no consult is scheduled · 

(; ·, ' > - . ~ , ·-.. '.~· ·: ; /: ... - " ~ } ( _. ~-:., ' • . 

· X, x, 10 10 DRT3 -- _ ttme~ spent •~4~tor Qn"·-,hir~f ldoctor 
visit 

i" -~· · .. - : • _· j • ' - ' • ..; ;: '' ~ ., I )'jif 1_ :-, Cl(; 
X, 10, 10 11 DRXT -- Ji~I ,~nt ,'f'itJ\~tqc,10~,M~~ dodo,r,_ 
visit if patient is sent to x-ray 

X, 15, 15 12 EXITT -- time spent in exit blocked state before 
leaving emergency room 

X,20,20 13 EXIT2 -- time spent in exit blocked state before 
leaving emergency room, if patient hos undergone period of 
observat;io,n. : _' '. 1 -- ~- , '-/ ,rr·,,; ,;-~ · L~--.j 

99,30j0'.14 'u{gf:a..- :time befote. tafforaforf"&na~~ ~esults 
are returned 

121 12, 12 15 NURST-- time spent with nurse 

X, 60,60 16 OBSRVT -- time spent under observation 

99, 12, 12 17 XRAYT - - time spent at xray 

Figure 5 -3 Currently Variable Means of Random Variables 
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plemented model. The former comprises the probability variables; and 

the latter, the means of the various probability distribution functions. 

(Certain of these variables are currently attached to display buttons. 

The others can all be varied through the teletypewriter. As has been 

discussed in Chapter IV, it is not difficult to attach frequently 

changed variables to display buttons.) The ordered triplets-which have 

been filled in the blanks or Figures 5-2 and 5-3 rel)tWnflt ~•l11es·w111ch 

have been assignN lty the author for ·tYPH'~ two, th,..&,' dd fOUf'", 

respectively. (Due to an idiosyncNtCy . .:, Ute proor-•i41V, tlle three 

types are labeled two, three, and four rattler t11a11· one, two, -and three.) 

Th• valaes assigned are not basefli on•ric,tJNNs - dt;tatleel data •.. But 

they are based upon ttHt athor•s. eaperi.ce in> ·the Clllllbrldge Hospital 

emergetKy. rooa ud 'lla·npreseat.. NlUOnabJM, ¥&1ANS. -·· 

for this IIOdel, the types baw been .,-i.necru ·rouows: Typ• ! 

represents the patient with a trivial problea. In the three-doctor-­

visit model,· such cases typically see a nurs• oaly Ohce, see a doctor 

only once, --.d are ln tile: E.R. f•r" a' Ni.tiwly ,s11ur.t,;;ttae. Altllougb a 

significant ))erceata.ge of. the patienb arrriYing. at: 1ill& t.ypicaL eaergeacy 

room are in fa" of this type, they .repr,es~-• relat-i.vely, SIWlll drain,' 

on the syste■ becnse -they use so few . .resourJ:es amt Uaeir stays are 

short. Type 3 r81tf'esenta .the :patient who, hM ,a,~ more seri.t>us 

problea, 111111 t.lterefore aakes .si;tn:ifiandlt, ...,..uer"-..amts on the £.R. 

reso~s. In the three .. doctor•vistt,-aocle-1.,.. t11e .Jypa '3. ;patient sees the 

doctor twice,. and SOINtttMs •• tase of ,"11M.OUS oUaer E..11. resources. 

The Type 3 patient represents the greatest .•lead• aa the £.R. ••. since, 

although the de■and per patient is not as great as that of the Type 4 
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patient, the Type 3 arrival rate is generally much higher. The Type 4 

patient represents the most serious cases. Type 4 patients always need 

to have a consultant called in frOII the hospital proper, and generally 

demand more of the available resources than any other type of patient . 
. 

As already noted, however, they generally occur relatively infrequently. 

is 11&•4 t0:-.,ait ,i.e. ft'ftt. of th f,lT 1N,~i- •• ,,.e TMif.aS 

progr•. Th,i uta.r r'"4lestell, J)r •. · ,._,.,,:.. lltwi_,.1._i Q'f tale.· CHllaridff 

It ta, uq,ortmt tJaat, 1te not;e;.~~•---ct:.atat~:1cs •. a& v 

tb.,. -ar• now itlpl811811ted,. ·can, bet a, bit!.._._...._ 11first,t,1tlae. tti:sp~ 

.,i..t.iuics. .-e,,baaedi ca ~• • ,&a ►l ·6al tllt ...,cw\·: ,~...,..-1ents.:. 

vt.sdbh _,...,...,on;~ scraell' are s,tltt in,_. --• alnt tberef'ore-:,-,· 

not aff•ct. the Cllalllittive··uatistics~ ·8eCCIINl~•~·cinG~ systea a 
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Initially the parameters of the model were set as in Figures 5-Z 

and 5-3. The prograa was initialized to five beds, two nurses, three 

emergency room doctors and one doctor on call. At this point, the 

screen appeared as in Figure 5·4. The simulation was then started. 

This hypothetical emergency room appeared at first to be 

functioning smoothly, but this was an illusion attributible to the fact 

that the system begins operation empty -- with all beds free and all 

facilities available. As soon as the facility had had a chance to fill 

up, a queue began to fora in the waiting roOII and grew steadily larger. 

It became clear that for some reason this eaergency room was not able to 
, ' • ~ ~T , :, -~ c; ti~:· -':;: .::" ,~. : 1 

perform adequately in the face of the dellands being aade of it. Thus 
--., --, ,t? -:.t~;; ;. tf;¼_,-.,.- ·r ::·~:t~~ 1-.: ,. 

after four hours and forty-seven minutes the si•lation was stopped, 

with the •stage• appearing as in Figure 5-5. 

Dr. llogielnicki coaaented about there being ten pationts in the 

waiting room queue, while four staff INllbers were idle. Clearly, an 

imbalance among the resources was highly probable. We aentioned earlier 

that a progru such as TIGERS is especially useful for ·uking the user 

aware of the necessity of maintaining balance aaong the resources of a 

complex system. Here the two observers (Dr. llogielnicki and the author) 

were confronted with an example. 

The next step was to try to alleviate the illbalance. It was 

clear that adding more staff would prove fruitless: already there 

appeared to be more than could be utilized effectively in such a system. 

Also there were no unreasonable queues at x-ray or in the lab. The 
~· 

bottleneck appeared to be that there was not enough bed space to 

accomodate the patients. Thus the next-step was to try introducing more 
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bed space into the system. 

Two more beds were added; nothing else was changed. The 

simulation was started again fr011 time zero. The extra beds apparently 

solved the problea. Figure 5-6 shows the syst• after two hours and 

three minutes of elapsed si•lated tiae. Recall that even with the 

five-bed system, the. simulated E.R. appears to function S110othly at 
.' D .. 

first because at time zero all beds are 911Pty. Therefore the simulation 

was allowed to keep running, and the two observers watched. 

Several interesting aspects of tbe·systea becae apparent as the 

sillulation ran. First, the characteristics of Ute various types took on 
• '.J-i"'"' ;. > •• f .., ,J ri-l~~; H: '. :~ ,_.,,j ," ;._- • 

special meaning with respect to their respective detlands upon available 

resources. Type Z patients, for exaaple, were interesting in that they 
•.·L·:s' :,,~ \':;,t:,;·.q." :L: 

were not seen in the syste■ for nearly as iluch ti.lie as the others, in 

spite of the fact that the arrival r&te of Type Z patients was Z.O 

patients per hour compared with Type 3 at Z.O and Type 4 at 0.8. Type 4 

patients,-on the other hand, were seen in the syst4ta a surprisingly high 

proportion of the tiae, considering their low arrival rate. Type 3 

patients were clearly the ■ain drain on the systea: unlike Type Z 

patients, they used a significant amount of available resources, while 

their arrival rate was as high as that of Type 2. Although the arrival 

rates of the Types Zand 3 patients were equal, there seemed to be ■ore 

Type 3 patients because they were in the systea so •ch longer. Dr. fto-

gielnicki remarked that if he were considering triaging certain types of 
, ~1 · ~- ~ ; .:~ i:·: ,;;-_, fi,, :h-<· ~~:y-;~-· ,,!' \~i' ·~· ~ ~ ,._·. ~ 

patients to a clinic in order to reduce the load on the system, Type Z 
!'1, :,',·: ~-r_.:i -{··,;~~--,~t Jr_•;~ lfit..1' 9"''1'.,•;!J Jv;i3' ~d n.:t bsJ::;gq:;~ ~-·--;n:, •- .,,_ ;,:·: 

patients would not appear to be the type to choose, since they are in 

and out of the systea so quickly. 
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The system as it ran seemed reasonably stable. There seemed to 

be an inordinate number of patients in nurse-blocked states (see Figure 

5-6 for example), but the problem did not appear serious enough to 

impede the functioning of the system. The waiting room queue held as 

many as four patients (at 5:26--see Figure 5-9), but within thirty 

minutes had decreased to zero (Figure 5-10). In fact, at 6:13 (Figure 

5-11), the E.R. was practically eapty. In spite of the fact that the 

number of patients in the nurse-blocked state seeaed to indicate that 

another nurse would not have been wasted, the two extra beds solved the 

overcrowding probl• of the five-bed system. 

At this point Dr. nogielnicki, considering the rate at which 

arrival rates were increasing at the Caabridge Hospital Emergency Room, 

wondered whether this seven bed systea would be able to support a 

heavier load. Switching to ftodify Node (figure 5·12), he~ ttle 

to 6.8 patienw,-per ltourA 

The CONTINUE but.tna,was ·tltert h1.t,: •d UM: .__.t,attavcontinued 

with the higher arrival rate.,., ay.a:16, au,,._..._._..,,_,.. -full (figure 

5-13). Nurse-blocked states· continued w be evi,..tt•·,· By t:20, there 

were four petients in the waiting rooa queuw,1(..f'ilflll'•-•• 14)•~ ,: TIie two 

that their hypothetical emergency rooa woald·111Mr-landle th- increas.ed 

load. 
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The question of how to bring the system back into balance once 

again arose. Dr. "ogielniciti decided that the present tonfiguration 

might simply not be large enough, but he was not convinced that the two 

extra beds had brought the systea intct balance. Recalling the 

inordinate nUllber of nurse blocked states that had been observed 

throughout the simalation, he decided to alleviate that problem by 
, ;·, .; _:.,: • f .: >~ -~ .:: .r, . · 

adding two extra nurses, and then to continue the suiulation. 

The two extra nurses clearly made a difference. Nurse-blocked 

states were no longer a problea. In fact the _syst• seeaed to be 

. running smoothly a9ain. By 11 :34 the waiting rooa queue length was down 

to three (Figure 5-16), and by 14:03 (Figure 5-17) there was only one 

patient in the waiting rooa. 

5.5 at•tisties 

•, - ,, Rec4lll· froa thapter IN that, OIi& .,, tile •-•rt>utterrs c•n-trGl:s H' 

Ua• du-play .,, u.atd.a ti.cs ·ta AfWJl>llE --.} l f.br' 1;11¥ c::IIH"~ ~ ,;'; tit-' 

has been decided that the follo':!ing statistics b•-~P'l11J'ed't,· " 

L -ll1Ullber of, ,pJtti...ats,•o .haTe, M8m•..um1t'. .i '1F • 

. 4. - •veraga ~~- ii.• , , 

5-~ av,r,-age ~or, .. ,, ... .,.,.,,,,au..u tl'aatad,.,,, ,,, 

~, ttt.i.l" def'iaitJon.. . TIie- .. relel'ance ·. o, ·· U•• · f i•• ,.uusatcs,., ts 

disaaJsed, t,a dgth illr,Chapter IU. 
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Dr. "ogielnicki has suggested that it would be constructive to 

add two additional sets of displayable statistics to the package (also 

adding two corresponding buttons to SINULATE mode). The first would 

display the idle ti■e (i.e. time not busy) of the various resources. 

This would be expressed as a percentage of total tiae. Included would 

be such infonution as doctor idle tiae and bed utilization. The 

second set of statistics would it•ize the causes of blocked time. Thus 

instead of simply displaying average blocked tiae (as in the cu~rent 

implementation); average doctor blocked t:1118, nurse blocked time, 

consultant blocked time and exit blocked ti• would be displayed. As we 

have stressed throughout our description or the TIGERS system, the 

program is intended to evolve with changing needs. This change 

suggested by Doctor ftogialnicki is one exaaple. 
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CHAPTER Vt: 
PUTTING THE RESEARCH IN ITS PROPER PERSPECTIVE 

6.0 Introduction 

This concluding chapter attempts to sumsariZ'e lfhat TIGERS is, 

what it is not, and what· 1t might becolle .. ; ti begins "1th some warnings 

intended to preclude possible ■ittnterpr-eta'tion of'.ttre 'program and its 

displayed output. It then looks to tll\J ·1\itut•,''pctfltttng. ·out possible 

paths of' future research suggested by tire curNnt Work. ftnally lt 

looks at the prasant, arid the pountlal '·uff.,._d by TI~!lt8'.;.lute progras. 

6 .1 Warnings 

A prograa tbat· c0111Unicates with tlle user thrqugh intuitive 
.-

channels in addition to 110re rigorous ways can be valuable, but 

associated with such a progr• are inherent dange,:s of which the user 
· , ., ., ;. ·. :.:; f - ":' !. 1 ' -~ 

should be wary. 

its blessings. 

A TIGERS-like sillulation carries pitfalls along with 
_,. ~ j .:: : ,,-f J f:_ t, ~. ':- ~ ,-

The purpose of this section is to po~nt out explicitly 
, "'~ .~- 3, , .. :: \- i 

some or the aore illportant for which one should~ on guard. 

The rollt>Wing point was ·•de in Chapter IV, but is reemphasized . . 

here because instinct tends to make it easy to forget: as of this 

writing the TIGERS display in siaalate •de has nothi119 to do with the 

actual layout of the eaergency rooa's facilities. That is, the display 

does not necessarily bear any reseablance to ~e actual floor plan of 

the facility, nor do any of tbe routines ldlic:11 aanipulate the various 
~· t > ,, '; v,. ' "'" ~ i ' . 

resources take the architecture directly into the si•lat~on. The fact. 

for ex...,le, that the x-ray· facility is locat.cl three ■inutes' walking 
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distance from the main treatment room is reflected in the model only in 

that that time is a factor in calcau.~; ~e tiae that a patient spends 

at x-ray. Such a model c.ould be built -- .. ; model which would allow the 

user to manipulate the possible arrugeaents of a fac~litJ,. B~t tib• 

author contencls ti.,.,t .the atfec~ o.f ~ •~~.bee ••~"'1 paraaeters 
• ~ • + ' - ,, • - :. - ., -, i -. ·-. . • . • • u, ,_ ., - -

on the perfonM11ce of the .51s'811 ~tP.~~ ••·~~ed,~th t.he 

eff ect.s of. per~ter$, cans~,d ~ ·• ~~~· ,TM,Pr;~. 

Another cr~~l,,~µit ,-,Jli~-. Jut~.~~ be~,r~ but ~ars 

re•ph~i&ing ~ the .. iatPOl:',t.~• ot;~• ~~~~·•:l'- v.i+~ ~l-

it. is ••5iY ta, c.oa~ one~ ~t- -~'.~~ .,:~ QlJ,. ~U~Ollla~,1-c,lJ.~ .. , 

model the real world. We a11st continually reaind ovrselves that this is 
';!_ .. ·, J.' ·. 

so only if we take th.• trouble to obtain valid data. ·This can be tlle 

most tedious fast: of' the aodeliq ,roce~~~,::.:.r ir.;~'t~ncil ~ iv~idad if 

the model is to h~ve 'v~lue. 

·na. 'TIGERS ~i-l~tion iends !i~tJtti~ ~J-·tlle;;,~re .. 1'! 

, -,-_ ~;:·;t·.. . ·. - i.C .-: i :·:._ :; .· ,i", ·:_~:;..-.: -f~~; 1 ::~~~1~'-, ~- .,5, ,. 
understanding -- infoniatton it ca.unicates is not obscure. On the 

other 'tland it. is ea'sy ;to::~I.t'~l~d'.
4by ~it~ l:.a:;-::tu~~::Ibui.~;;'; a 

,,_, --:;:-1/ :) •. ~:. ~i.-,; ,o1 _if:fiJ'~:_r,Jf.lj ·t~ ,·:: 

situation ■ight see■ so obvious or real on Ille screen tbat it becoaes 
~,. • ,·::1 .' t' P :·:-.•;~;r~ l.J~'?- <irtl~) -~ g~f-_..,,s,.·-,: i · ~~ i 

too easy to avoid questioning the validity ef the IIOClel. The simplicity 
... ·; . ,:- J~::L,Gi ,:J_; 1;~·--~~; ''[ (.,, cbn~:,""• 1"nf1f:f;J: t;'.;'."j)f1:i·~~c ."j};i·:·r.1~ 

and clarity of graphic•~ c_..ication is a aixed blessing. It becoaes 
~:.,; .,f.; t·";: -~ .·· ./.;,.-:·dC ;:;__:,;! 9:._:iJ{";; '..?fiiU:!!.:2 nl yt:iq~~iL i;R3i.1.r-;~ .;nJ gn(:_-: -·:"~, 

natural to sillply assuae that what is beint observe4 represents a real 

life situati~n~ 
. •i. . .. , ... ;._ .) ➔ • ')fj::,•1 v_--,r-~.,,) ::91~4:~ .; .. i_ · .. r..:.,, j ,f • 

The phenoaenon is s01Nthtn1 of~an extension ta ·the well 
.• ~-t •.• •. ·:, J:;.~ ·_·,~-' ,-n t·:::it:~ ·yn,a ··ittSJd \!.}·r1;::?;~;._ :i!'; .:··¥J1·; ? 

known •the-coaputer-said-it-therefore•it•is•true• pllenoMnon. in which 
-· ·_ ~. ,= -- , ~ ,~ '~ • - , ;- ~-,·~\',, ~ , •· -, ·;•o""·: ~~ri; lr~ vn_a ob ,on ,y.t i .r ,_~,£1 ;-

we tend to accept facts as gospel simply because tlaey are printed on 
. . 

coaputer print-out. 
,ti. ':c ·-:r~~ib G":::.~_•J~:s. Ji r!"· ~it '.7(·:, ~:A~1:! ;: ·~~-:~·0-/ :~,.,, 

Granted. this pb9llOll8IIOII is observed 110stly in its 
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numerous exploitations by the advertising industrYi but it is real, and 

one should be wary of it. 

6.Z Future,work 

The current research touches several fields tri which• relatively 

little has been done. "The idea ofllliedritet 1titiills;it.tlar t6 the 

Emergency RoOII cltaracteriled by saau · siit" (i .th 't1Pone buitding1 and 

great COIIPlexity has hot been as popular as .-.u11 ilore: eipanstvt 

systems. Also, the idea of interactive grtpliiet1 sillUlatton·has'been 

used hardly at all, especially in the worlctt:·ot public· systems. In 

exposing the tip of several iCebergS, tlG!ll~+.ttis aany quntions about 

the parts still h1dd•n. 

6.2.l A Valid Nodal 

Before a tool like TIGERS can contribute towards making a 

hospital run more efficiently, it must be based upon a world Une tree 
, ·~ ' 

and parameter values which have been prov9J1 beyond reasonable doubt to 
".;" - :. __ ,i, ·1-:-:? ; ' 

constitute a valid aodel of the emergency rooa. Such research, although 

it would involve many hours of data gathering and analysis, would allow 
-., ; . . ' -~ 

the progru to becoae a practical tool instead of an academic 

demonstration. 

A large class of unanswered questions has to do wth the nature 

of models of the E.R. Little is known, for exaaple, about the marginal 

utility of detail. The whole issue of the (negative and/or positive) 
!'• ' 

marginal utilities of aggregation with respect to IIOdel validity needs 

to be investigated. The exaaple model illpleaented by the author was 

motivated by the hypothesis that an E.R. 110del can be significantly more 
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accurate if it takes into account individually such services as x-ray, 
', 

lab, and outside consultation, rather than aggregating the■ all together 

under the category •non-doctor service.• This is a reasonable 

nteded for the •r• cl•~filttd than for ~, a,illplff,f:MI••. l~ is 

conceiv•ble .. ~t tti• 8"r.,.acy rooa i~.-Jo,~ewtlex U.at ,he •~it,i.oQal 

detail ~ntr~ducedbtqs UtU•_a,ccurac:y.9ver, a,:»ci•J, in~J.trpc,r-atJng only; 

two cl-.ses o,f sefvic;e~ .R--.•ar:~b intp-wlliclJ, ftc~q,-s inerease .tll'9 

validity of aodels of tbe aaer1ency r~~ espe~ia,J.J7 r~s~arcb~ 

investigating the aarg:inal utility of detail, wouldr,"" "9rtllwllile. 

One aspect of the investigation aentioned above would be to 

construct the •u1tiaately detailed• aodel involving .. world li~e 'tree 
•' • ~~ •: i ''. g j~ i S •· ' ·~ -; , ·~· 0 

with hundreds of nodes and branches. ·The developaent of such a detailed 

model would, of course, necessitate a large eff~rt, ~t ■igbt: offer t'h~ 
· •• • , -, 1.., ; A_, ;:t -~~u~: ... "', 

best solution to the problu of aodeling the ... rgency rooa. 

•A , ••• ,_ ••; i • •n ·•c•,.~:...t;{ ;-1 :. • •' 

fall s011ewhere between the two stage .. llarkel et al. •del and the 

ulti■ately detailed model described ab~v1.'". ft ~1d"
1

fut~inter~~ting to 

construct several aodels at various interaediary levels of detail. 

Validity checks could be run and results could be coapared. Conceivably 

one might notice • level of aggregation at ... ·i~h- add'ti!:~.f detail ■ade 
no significant difference in results. 
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6.Z.2 Ana~ysis Routines 

Another worth·~hile addition to TIGERS would be a set of analysis 
.;, '.. . ,; , } - ~, .. 

and optimization routines. At present t~e _ufer v~eWPort serv~s t~ 

indicate imbalance in the system, and the program.~llows the user to 
.. - . . :}..,.._ ·, ~< ··;,: .-

vary his trial parameters to attempt to overco-, th•.imJ)al~nce. But the 
' _< : '" ' • • .i: ·• >. .!, .:! . ~ :} ~ . -{ ,< 

program does not of itselJ make any analysis or, ,uggestions. It ~ould 
. - i.,--·5 · ·;~{.::, >i:' ,:';.J 1-~~L~-·s;·; . , 

be useful if TIGERS did have analysis capab'.iµty~ . 
,:,, · •. ,: ~- ~ -· ·,;~ - '· i 

For e~pl~, .. if migpt pr_ove, ,f:'.~.f~lrfo,r ~~e P-~?Pt~ to be ab;J.~ ;o. :· 

decide whether a user-i~rl.ement~d chap_pe ,~
1
Js ~~dtf~,f~a,~~,f~i.!=

1
~~}Y 

significant effect on the system. Consider t.he following: Suppose that 
·e: _ _. r-r· .. t .. ~· .,·,-.} ., .. ··,.• ,·:•J~ •; ·r:·-'-. 

the waiting room queue is seen througti the_ vjew_por~ JJ obylo~sly too 
• , •• • • s ~ ;, ,_;. ~ _,. , I- - ' , ~ ·.: ' .• 

long, and the experimenter pos~ulates tb_~t ad9i~np, • nur.s•c: to tll,~ system. 
. . : , : _. : •_":. .. " ,, · .: , "· ;nft_•, .;' , a· '· , 

will alleviate the probl~. He notice~ a ~1l, P1-.!1.~.Jn tfle queµe 
, . ~ ·.. ,: . _ ~-' - :·: ~/ , , ._, , · ~ ... : ~: .;:_~ . · -·" - · -1~,,· 

length, but does not know whether the ch,~,a:,i,, l;&[_!l•D ~noµg~- ~o be 

statistically significa11t. If an anlysis PfC.~, f}'~,-~ ~ part of 
~ • ... • .-·, ;,. ~-- • -: ,~ .,, • ~ , •• ,c - - • , • • •• 

TIGERS, it might incorporate the necesJary t9ols for dptermining the 
• .'t - ; ·-' •. ,.- ', , '.' ;_ •• ~ .• .·' •' 

answer to this sign~ficance q!lestion •. 

A more sophisticated ~malysis P.~cltag~ mi~hJ,;
1 
ev,,~ b~ a.l)le to l!lake 

- ' . ' ,. ' . ~-' -

suggestions. Such a pr~$1ram would,. not .. PflJY, ~fi~. l.fflpth,aJ a chan~e wer.e_ 
' ~ • ··- < • ~ - -· , • ll_.: , - . .b ' -. ~.. • , • • • 

significant, but it might actually suggest the cllange. Thus in the 

to the system. 

of a set of ~euristics which ~k• use of._:~,af~.~Jf~i,S~,tf"f a.~ ~,s:cµmµ~,~ 0~d 

patieni nurse blocke~ time, accumulated,d~~tor 1>J9Cff~- time, ate. 
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6.2.3 The Analyst's Tool 

The main res•arch effort of the work ntported here was directed 
• - -,; !· • 

towards developaent of TiliERS as an adatnistrathe tool and 

ccaaunications aedi1111~ On~ can co.unicate -with a ~rUcuLar model· on a 

highly inter•ctive level. One logical ne~t ~tep is, '"to c::r~~te a tool 
+ 1 ,.. - ., 

which allows design of itodels at th- HIN 'level' or 'fn"teract'ton. The 

present illpleaentation of TIGERS- is based upon a slqle ~ld line tree 

which the author designed as a reasonable· ~r-~'.' A: nuab._r-'or other 
'!_;.,_ '.-:' •: . • • •-••,(-.,,·,,,J;'.~~::··.,,~h ",:._,:;t_,l -,,,.. 

world line trees were possible, but since the pres•nt research was not· 

priurily concerned -with the design ot a aodel,. onl:i one tie~ wa~ 

actually iapleaented (i.e. used to geaerate a sl■ulationr. Although the 

analyst aight wish to lllpl-.nt a' nllllber ·or1fr~1s·;l1{ tne ffGl:RS 

enviro~iit, s~ch iapl'-e■entations are not' ne~essarl.ly easy. To SOM 

extent, the •nny to set p'aruie'ters to' zit~~- for va'rlous types of 

patient allows limited 'abi1tty to experiMni with di'rrereni ifor:ld line 

trees; but co■plete iieiclbility' tb Chang~ th•· tree dt)~r '~ot ~xist. 

TIGERS provides a useful set or subroutines mid • tiiiibl:Y-;r~1ct1onal ■an­

machine interface~ but there is no asc~ping "tlte fact that cbanging a 

world lirte tree into a working simulation can fCNNttaes" be' a lot of 
. , r 

work. 

The proposed •analyst's tool• wou'tlcro ·twi's woi1t_- Essentially, 

it woulaacc',,,~ as' input a 'foraulalecJ'world 'lln~''·iru~; rt would then 

generate the a~propriat~ subroutines an·d act~aliy ;,,.ite' the siinulation 

program to brlng to life' the given tree. ',Th~s < the black box in TIGERS, 

which now 1111st be filled by the modeler(s), would be filled 

automatically by this proposed program. There is good reason to believe 
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that such a prograa is well within the real■ or ,~ssibility, but we must 
q ,: - •• -

realize that we are discussing a projec,t ~ich would p_r<>_bably represent 
; ~ ..;.: . ,_ . ' ' 

at least as much effort as has already been.expended tt\.._s far on the 
, . ' - ·,. :~--- ... -. 

current research. If it were implemented, . it would e_xtend t.o the 
', l "~ :. ~ C / - • " :- ~ 

experimenter the same flexibility to e~i-•r:~t With _v.ar\o~s tree~ as 
- ·~ - . ' ,, i . . ' _,,• . • 

TIGERS now allows one to experiment with a given,~del. 
; -, ·~. - ·'" :J:"1F 

6.3 Why TIGERS? 

In this report, we have introduced the . .-:id4ia of the graphical 

interactive simulation of a 1>ublic systa:· ''Ai'tllougt{ the idea has as yet 

hardly been explored, it seas to show pt"Oll~e as a bridOe over the gap 

between the administrator and the tec!tln'it:li lflalYst. :. fl'GERS is an 

analytical tool whieh can interact d:frettlY with 't.h~ administrator as 

well as the analyst, and which tiopeflilly can thereYor'e serve as a focus 

in co-ordinating the insights that both ll'ive to· orfe+. · 

The simplicity or graphtcal cbalUntc:a-iion is especially 

important in the world or public systeu. No' spectal'~raining is needed 

to understand the lattguage of graphics, and thus it liight serve to 

coaaunicate where bther media ~igtit ptl>ve less fruitfUl. A hos'pltal 

administrator, for exa1tPle', lfho 1111st e~pfatn to'·otr1c·ta1s· in' city 

government why he will need to expand tits facilttles to a certain size 

before the end of the next five years can lucidly IIPlke his point with a 

model that has graphical output. furlhenaote -- ·•nd this point becomes 

very significant in the public sector -- frlplil'Cs:·is dr•atlc. It can 

provide persuasive evidence for demonstrating a need. Weak points and 

bottlenecks in the syste11 bec:o■e obviou-s,as crowds of figures start to 

overflow the scrHn. 
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The intuition added by.graphics becomes especially significant 
. . . .~ ' 

in modeling a sys'te■ such as the hospital eaiergency room in which 
. . 

balance is so critical. It was discussed irrthapter III that in the·· 

E.R., an optiaul aaount of any resource ls optillUII only when in proper 

balance with ilia other critical resources and· ~hh the,cdeaands made on··· 

the . syste■. A thousand beds is probably no' .• NI 'u·sett1 than ten if 

there are only two doctors available. Graphics -is aspec~4~l:Y: -u-s~,f.ul ln , 

a sys.t~ ~•r• a b~.an~~, ,-.st; ~ ~~ru~. ~ a,MI~ ~~~teatS; of a 

co.■plex SY,Ste■ ; th, user v.,tewport •11~- ~~v,J• ~ -~ .&Qw,. sys.t~~ 

The h~ e11,gill•~~~ ~pacts of a U"'~&:-like -"ro9r:~ ctre 

illporta~t. 

the .analy,tic~l pr~ass: ~icb are. u~~l].y :IJ\~if~~t: ,p,r i407 not . WS:t. 

For_ ex~l•,.,.),11,~ttractive ar•Pl\.ic:_~ c.,u1 ,fa.dd .an ~~flt of , 

flexiblity which is J>,~~ilPS un~btain.,a,le ~r-.t\ oJ;ll~r- JHfiµ. 
. . . .: • i • - '·• -. • ' •• -, ·;· 

flexibility which is desirable fc,r .~~.at. r~spns. fi,r$.,t the user 

~-an dq ~h ~re, 1t:5efu1 Wj)T~ ,¥•r u.n.it ,ti~-; ,,Wh~ a.a -~.Jerv~s :t~t th-., 

execution of-~• ,,.,~•lati.on .is .no l~. J.r'M~~~, #le ff'l •rJ.usf!:• it 

1-ediat.~~l~, "'d was.t• no ~,.. ti'"' 9fi,\IJ .u ·ce i' ,~f WMYiNl.lx_. 
• ,. - . " "I; w • - • 

flexibil1V, ,}.so Uf-o,y':8$19~ •~.,.~~\~~~h.,tr ,MN~ o.t~e .·~~ , 

considttr wortJI t.he troPb,le. ,TIie. ~•r -~·JtllFPIP".MJetl .~ ~; creat.J.ve 

because ~.t beco■es ~MY .t.o try m,w i.deu., ,AliSa:,.,i~(i~t j,s ~• 
. ' ' . . . -~ ~:, ,. . . '· . ~ ,. ;-, , 

i111ediacy of rein(p_rc:..,.nt, wtl~cJI ~s41:, en~qqr~_,..51 .~~\i\'itY ·: A :'¥er,. 
, , . ,. . -. ..... . . ,- -· . 

oft~J,l will n.~t. ~jp.t.-r trYil\$li.ottt 110r:~f,M'.·f~~~ Jdl,t~ if~,~- _to ._go 

to any trouble tq. iaAl ... ~t Mi• or wait far• r~~ .. and 1et. 4, 1a well 

known tl\a,t occasionally .. ~: f ar-:fetc~ ~q\ ~l ~fl.i ~~ to be the 

beginning of an exciting new way of looking at so■eth~ri 
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Another human engineering aspect of the TIGERS-like program is 

the very fact that such programs are 110re interesting to work with than 

the ·relatively dry non-graphical packages. Administrators are oft.en 

loath to bec011e deeply involved in rigorous analytical methods. The 

graphics mediua makes the subject considerably 110re .palatable. 

Dr. Nogielnicki has pointed out that hospital administrators 

are often mistrustful and/or uninterested in the aore technical methods 

of analysis, even though such methods ■ight soaetilles be applicable to 

problems facing the■ . He suggests that a TIGERS-like program might 

stimulate interest in such methods, because such a program cannot answer 

all the questions that it raises, and thus stiallates an interest in 

tools that can. 

The hardware upon which the present syste■ is iaple11ented ts 

currently too expensive for practical application in IIOst situations, 

but graphics technology is developing rapidly and is fast entering the 

realm of practicability for smaller installations. Both from the points 

of view· of the analyst and of the public agency decision maker, the 

medium represents a potentially constructive addition to the field of 

public systeas analysis. 
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GLOSSARY 

1. Poisson Distribution 
A distribution for random events which assumes that the 
intervals between events are independent and exponen­
tially distributed. Events occurring according to a 
Poisson distribution are completely random, unscheduled 
events. In models described in this report, patient 
arrivals are assumed to be Poisson. 

2. Primary Care 
That part of the health care system which represents 
the patient's first level of contact with medicine. 

3. Queueing Theory 
A branch of mathematics which deals with waiting line 
problems. In a typical queueing problem, a service fa­
cility provides service to customers who arrive in some 
random manner and require some variable amount of time 
to be served. Queueing theory describes such features 
of the service process as the queue sizes, queue delays 
and server idle time. 

4. Seruice Time 
In queueing theory, the length of time required to serve 
a customer. In the emergency room, this corresponds to 
the time a patient spends in treatment after leaving the 
waiting room queue. 

5. Triage Nurse 
A nurse stationed in the eaergency room who directs 
incoming patients to.sources of treatment appropriate to 
the urgency of their needs. A triage nurse might, for 
example, order that x•rays or a blood sample be taken 
before the patient enters the main treaiaent room. 
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APPENDI'X A: 
DESCRIPTION OF THE TIGERS PROGRAII 

A.O Introduction 

In this appendix, the actual prograaing of TIGERS is discussed. 
'< • • 

The data bases are described, and the routines th~t . .-nipulate them are 

explained in depth. Although the appendix is rather complete in its 

discussion of the various subprograms which coaprise T~GERS, it does 

not, of course, replace the listing of tbe progr• i~self. But exce~t 
, .. '.· . . : . -, ·1 :<: 1 ;_ ,-e 

for the reader who intends to aodify the progra,a, a copy o[ ~e listing 
' 

is not a necessity. 

Describing a program is difficult in that it is al~st 

impossible to avoid alluding to topics not yet covered, but forward 

referencing has been avoided to as large an extent as possible. The 

structure of this appendix is such that the broader. and generally more . l !·. ,, , . .., • . 

important, topics are discussed first. The reader ~o is interested 

only in getting a general feel for the program need read only the first 

part, although he aay wish to s~ip afterwards to the description of the 

graphics handling routines. Section A.7.2 ■ight als~ hold special 
t« 

interest in that it describes, among other;,,~hings, th.•, algoritlua UJ>OD 

which the currently iaple■ented IIOdel is based. The reader who is also 
J -, 

interested in details of the prograa will want to read the whole 
t ~ .. "' . .. : .,·: .- . 

appendix. 

This appendix serves two purposes: l} it allows the interested 

reader to exaaine to alaost any depth he chooses how the TIGERS prograa 

works, and 2} it allows the analyst who is interested in working with 
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TIGERS to become f .. iliar with the protocols of how data structures are 

set up and aanipulatttd, and to dis•~ -.sources that the prograa 

offers hi■. 

A.l IIUDDLE 

Every effort has been aade to keep the discussion which follqws 
. . -,~ ". . 

independent of the fflJDOLE langua" in which the progr• is written. But 
. _,·, - , t <' • ,; ~· 

occasionally it becCHHs necessary to use• phrase or two ·of the language 

to clarify a point. We therefore outline h~ a few essentials which 
~- "; t • " : 

will clarify the references to IIUODLE wllicb are Mde. 

certain types of data structures. A group of obJects -~~losed in 
' 

parentheses fonu a lt&t: 

(~object~ ~obJect~ ••• ~object~) 
' .- ' ;_- ' ' ,; . ' • ,., 'j' ::.·. :· -~ :.} ~' . • ~ 

A list can be coaprised of no objects (the eapty list) or ■any objects, 
-, •.• 

and the objects can be of various types such as ntlllbers, variables, 

vectors, or other lists. 
l!., t.: 

A uector is sillilar to a list, but it is enclosed by brackets. 

instead of parentheses: 

[~object~ ~object~ ~object~] 
~--, _1 t_: . . 1?., ';•{} .t ;_ J :- · .,.. ·; · .' . ./: 

The differen·ces between 'the two types· of structures uve to do with the 
; . (t.l -.1 1.,"" :J- ! . ._ .,., 

manner in which they are stored in the coaputer. The objects in a 
c::: 4·,·. ! '! ·:;, ,l'~ ;-;2.-.·:!· 

vector can be changed easily, whereas the ltRber of objects in a list 

can be changed easily. 

The structure which is used to indicate function application is 

the /om, which is delineated by angle bracket~> ( <,>). · The first 'a1e■ent 

of the fora is taken to be the name of the function being applied, while 
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the remaining eleaents of the form are taken as arguments. Thus the 

form 

<FUNCTB l Z A> 

would apply the function FUNCTB to the arguments l, 2 and A. The form 

<SifflJLATE> 

would execute the function SI"ULATE which takes no argUments. 

Variables in fllJDOLE can take on two values, the local value 

(LVAL) and the global value (GVAL). The LVAL is assigned by the 

function SET, while the GVAL is assigned by the f11t1ction SETG. Thus 

<SET Vl 4> 

they are not restrieted te being 1111111181'!s.. Tile·.~ v.alue of Vl can be 

call to SET above, •v1 • evaluates to Vl, IN.t ".VI• ~•luates to 4 ~ 

Certain functions in IIUDDLE exist •ta . ..,tpuut• lists. This 

set of functions lends great power to tile ,u.ngu&fj41, .. but • discuss here 

only a very small sub:set. The· runctin MTih·.,..Ulld to a list. returns 

the n'th eleaent of the list, where *""••·u~tlie fkrst.argument to 

NTH, and n is the second argument. NTH is generally called using a 

shorthand method: by •applying• a nllllber to a list, the n'th element of 

the list is obtained. Thus if we said to ffl.JOOLE 

<SET LISTA (79 CAT Z.5)>. 

Then 
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<l .LISTA> 

returns 79, and 

<2 .LISTA> 

returns CAT. 

The reader should bear in mind that this discussion of HUDDLE is 

non-rigorous and serves only to clarify certain l)brases used in Appendix 

A. The reader interested in MUDDLE should consult Gregory Pfister's A 
: .. ?_P.c,.-;-;_ ~•~) ?0~• ~;'":,i' ~, 

MUDDLE Primer?, in which the language is explained in depth. 

A.2 The Events Scheduler 

surprisingly enough, SCHDLR. ~tt•ia.• \(l.....,_ad in greater detail in 

Section. A.6.3:, -~ w .itl~Ait 11er.e.::· Ja CINIIIT~Quf.lll<Mf'~,th• ,. 

sched11l-er, =OIM mu•• 61'£-t ,,.,.,.. ~\$ ~tM-4aa ~- .lta: ~re• 
k.&y ,struetures are tile ,aU•nt, ·taa.,,.._._ ,,.Hktt&e;..._ltt,:.•-

1. ·Number .ofhlCloetoNvtaits . , ... , 
2. Pointer to bed location 
.3. Caafli.c't .liath_,-(Mc~iton;:A.1Jh 
4. Time of arrival 
.5. , ,Time of .. ,,. ... ,:10 Min.Jtrhtant 19oca, 
6. Minutes of doctor time 

··f. · 'llillllHi efUblocltdltilit 
8. Patient type 

The euent is a vector of length three wit~ the following format: 

[~time~ ~routine~ ~patient~]. 

The <time> is the time at which the scheduler is to execute the routine 

<routine>. <patient> is the patient that is of prilllary concern to 

<routine> as it executes. This patient is generally referred to as the 
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current patient. 

The schedule is the list of events to be executed; there is 

only one schedule, so it has been 3:!.ven a name, SCED. SCED is an 
_· ·, - . ' -~~ :!'; ! i {f ,..i iJ -~ i. 

ordered list; the elements (i.e. even~~)•~~ ~r~~,~~is~ch t~a! the 

events whose associated routines are to be executed firs~ ~re fi~st on 
~~J ·1.7 nt ,~ ;J 

the list. 

It was stated in Section 4.1 that TIGERS is an euent paced 
~' ,,.,,.1 .• l,;,-.!1/ ~•;,~-;· ,.· .. _-~\~,-·~.'-, r 5_ 

simulation in which the scheduler executes routines associated with 
~ • -~.,'~4 "'-t \C'•. ~,·· 

euent~ which manipulate the data bas~s and generate ~re events. A 
~- .· ~-·-:, --J :jf,~.:~;]:-;".-.:·":f: JJS··<'.r:.'." /~- ·t 

simulation run under TIGERS is basically a loop which repeatedly calls 
~~~ : ,o;~ i~ ~. ~ 

SCHDLR. (This loop is desribed in Section A.6.1.) ICHDLR does the 
· · • · , · ·, tf; ~::, 

following: 

1) Delete the next event from SCED. 

2) watt •ttr, likesaaf"y) untt1, ue~st11a1a1~:t1aent:• ettual to 
the time of the event. 

4) Return to the routine (not executed by SCHDLR) wb.tch 
called SCHltl. · ".tn,, Jis-< 

The •wait" in step Z is not cha~acteristic of the event pace~ 

simulation. But because one of the r'1i.aoa, d'etre of a TIGERS-like 

simulation is to lend intuition, it is desirable not only to maintain 
.,. .,,: ,. '.J \~.r;:J mii 1f,)-·H1 ~,t1or+ ~tu ,,; -"' 

the proper order of execution of events, but also to uintain a 
· 1 i_ • , .~ ,: ! -r ;.: £1~~,. ::= \ t) l ~~ .-f i.c l tJt: ~. ~~ir ,; 

simulated temporal flow. The proor .. tla•r•fore Mintains its own 

simulated time stream. The ratio of tile steeds of simulated time to 
•T 'h. i'iff; !:''>, -~ £1', :· 

real time is one of the parameters whose val-u is set by'the user. (The 

speed of the computer limits this ratio to a maxiaua of approximately 

one hundred.) 
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To say that a routine generates another ePent, is to say that at 
,· , - ~· 

some point in soae routine it is decided that soae other event is going 

to happen at soae future time. In order to realize execution of this 

future event, the routine •st inform the scheduler. Two steps are 

necessary: 1) Create the event; i.e. create the vector containing the 

time, routine, and patient. 2) Place this event in the list SCED tn tt& 

proper place tn order. The utiiity function whicll any routine calls to 
.. ~. :t 

send an event to the scheduier is called.ADSCD (ADd to.SCheDuler). 

ADSCD accepts the three arguaents of tiae, routine, and patient; 
,J ··'' 

generates the vector, and places the event in its proper place in the 

list. ADSCD and SCHDLR are discussed in detail in'·s.ction A.6.3. 

A.3 Other Key Data Bases 

In addition io.SCiD, tllere.are:•ilbt "lltr 1",ori,ni.data bases: 

1) queue of patients in waiting rooa (WAITQ) 
2) queue of patients in beds,.wti'-ia9::f•r .. ,.to,r~ (PllQ). 
3) queue of patients in beds waiting for a nurse 

(NURH) ·. 
4) queue of patients waiting for x-ray facility tXIQ:) 
5) BEDSTR 
6) CNTSTR 
7) PDFBCH 
8) PROBSCH 

The four queues all operate in a first-coae-first- served 
, .L; On'' 

manner. In the TIGERS program they are structured as lists of patients, 

and they are manipulated by two utility functons: The routine ADTOQ 

accepts two arguMnts, a patient and a queue, and appends the patient to 

the end of the given queue. The routine LEAVEQ accepts one argument, a 
,; 'cc ·)i:1 ,; ~ -.. ~ 

queue, and returns the next patient in line. These routines are 

discussed in greater detail in Section A.6.4 .. 



145 

Note that the queue of patients waiting for lab test results is 

not on the above list of data bases. Thi~ is _because in the current 

implementation of TIGERS, the lab queue 1$ not first-,come-first-s,erved. 

Rather, the lab is viewed simply as a black box to which requests are 

made for service. (The time that it takes to honor such a request, 

however, is a function of the number of requests outstanding.) 
' ,., ,., -

BEDSTR and CNTSTR are vectors in which are stored several key 

parameters of the program. They contain all of the info~ation which is 

dynamically displayed on the TIGERS d1sJ)lay during -~ simulation. These 

two structures are of such a form that the information that they contain 

is accessible by both the simulation routines __ and the graphics routines. 

The form of CNTSTR is: 

where~ is always O or 1, and~ contains a parameter value. a is 

strictly for use of the graphics routines: when! is 1 it indicates 

that the associated~ has been changed since tbe screen was last 

updated, and that the value should be updated on the display. CNTSTR in 
- . 

the present implementation of TIGERS, contains s,ix parameter value pairs 

1) length of x-ray queue 
2) length ofwaitingroom queue 
3) number of nurses available 
4 ) number of E .-R. doctors available 
5) number of doctors on call 
6) number-of s,atients waiting for lab repo,-ts 

BEDSTR, which contains information about the main treatment room, is a 

vector of the form 

[ab c de ab c de ... ] 

where a is as in CNTSTR, and~. f, ~. and e define th& state of one bed. 
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Recall from Section 4.Z.2 that each bed has associated with it four 
' ' ' 

fields. bis associated with field four. in the present implementation 

of TIGERS,, field l can be in one of 'ttir;e ·states; field 2, in one of 

four; field 3, in one of seven; and ffeld 4, :in one ""g'f;fo~r. ·Thus b can 

be either 1, 2, or 3; ~ and!, an integer between· l ~~d 4, inclusive; 
• _ , • 1 .: • - , .,._., l . ::-,., -~ ~ t ( i_; .. • ; ,, ·1_ -.. .. 

and~. an integer between 1 and 7, inclusive (see Figures 4-4, 4-5, 4-

6). Note that TIGERS knows the state of a patient by examining the 

states of the fields of his associated bed. 

The structures PDF SCH and PROBSCH -~.'re associated ·'tiith' the world 

line trees of the various types of patients in the TiGERS system. 

Sect ion 4. 3. l describes world line tre~s '~,i' e~plii~s,. how eaJti node . is 
, z _f +~,r ~-~-, : ,.; _'" ~ -'.. i C •• 

associated with a probability distribution function and each branch with 

a probability. The program manages this information by associating with 

each world line tree two vectors, on~ containing the p~~~bi1ities 

associated with all the branches, th~ other c9n~;i~1n~'
1
the'" m;~n~ of the 

., , , • r , b , . ; '~ .. ~- z~ .. : . 
probability distribution functions. Thus each node and-each branch of 

each world line tree is as~o~iated with 

Recall that one world line tree 

types of patient in the TIGERS model. 

a ;J~itio~ in ,,aqv;cto/ 
~: : ;? ! .-:· : . .:,., \s:. '; i ;: 0, 1 :·.,,~:;::·;:r .. ~: ,"': ~:~ j J ; -_:; -'. 
is associated with each of then 

PDFSCH is a vector of n vectors, 
.:)...,:~-;·, ·_~1·~.-. ✓~ ~ :.~"'G•;·'~· '. 

then vectors containing thebranch proll~i~,-i;1e,:•f;~;,~ 1!1J?~J,of. 
' - ' •- . ' - ':; 1, "· '·''-· . 

patient. PROBSCH is also a vector of n vec~or.s •. ,~heq~i-.e~J ,q[_ ea~h of 
.; • .. . . , ,'J .: _:; "·. ,,,:. ·tr'\ --~--- ·. V ;··, ~ 

which are the means of ~-.~ J~df' s. Tb~~ ~lW~U M~t P~f.~Clf s~RB~ , 411, the 

numeri_cal informaUon assocw~!l(l -with ~ world'"'.U•~ tr-••~- ;iJl .ti.e JaQdel;. ::, 
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A.4 Classes of Functions in TIGERS 

The purpose of'tliis section ts· ta ttatreiluce··ttte· various types of 

subroutines that comprise" the -TIGEkS. prograi. > ' fiaj-' Stet tons -following 
"'"f. ::- : E~ _, "' -i•---:1{1 ·~ :1_.' 

will examine these subroutines one_by one. 

Before discussing the varibus tuitctiois ud types of functions 

in the program, however, a word on notattora- ~• irt e~tter: ,- . t:or ease of 

discussioo, we Mf sl)eak of •executing mf eveitt." wbicH ;J.s, a s1111pler way 
:-,, :-,•:··•_, ~~-; t''-,ii1'-t..,." -~: ~ ":'~· '_. , 

of saying •executing the function associated witfl:'aft"ivent. • Also the 

reader should regard the words•tutictl.Oft;• •teuttn•:• a11d·•subroutine• 

as synonyms. Routines in TIGERS take varitius n_.,.t"s ofc arguments, and 

some return valu•s. 8ut function eharactertsJic$;'Wlll i,e''aatftt,•e~tdent 
!', t 

by explicit explanation or froa context- -- not by any naming convention 

which differentiates aaong the three te,..s: £ '~-' 

Within the"TIGt:RS progrua cinbe'toimd tht following nine 

classes or functions: 

1. bent Junetton& are rout1ne-s 1 Whitfl at• a pat-t of' the 
simulation per se. These. are th~ r911tia.es "4at aan~puJate 
the da"ta bas•-s wllicb re,t-tsent;n,itts df:itta.,:ae.·gijm:y' 
room. It is event routines whi~JI stp1111_events to ~he 
s'theduler, and.it is also·' rrint: 'teitt• '"111Mlh0

• ate executed 
by the scheduler. 

2. Rando"' 11ariable Junct.ions (r.v. functions) are functions 
which Use ran~"Mlllll1er' pnerat~rs· 'tl{ genetdi' rMIUoit value's 
of randoa variables. Th,y are UJed by event. functions to 
detifi" wliC"' braftdl•' ()f a' woH.cf11.1'11' trMJ tW1\b' .. t\>11l>Wed 
by• given patient at a¾given,tiae: It i•_r!v. functions 
which introductt randomness into"· ttte s111111~ti"on. 

3. Siffltllation Junctions are functions such as SCHDLR which, 
although not event funcions, are an integral part of the 
simulation. 

4. Uttl ttu Junctions a-re useful aicts-' to tke jJrot,ramner wh~ 
is constructing event functions. They proY:~de something of 
a 11eta·-1anguap wftllin flUDkt wltltll tatH.tiittw; ~ wri'ting 
of event routines. 
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5. rt,.e Junc:~iou,~i•t~ip t~• ~1~!•~•t ~~,-flo~-. 

6,. C.rap~~~., )/,!"~•;on.s ~pe,; t~t,;.8~tttfi!S,,, 9' , ~-- ,,sc;~p~ ~lid 
maintain the dyn•ic display.· 

1. Button llcndltng Junctt~n.s are routi~ei"titii~h ~re ·~ailed 
whenever tb"ir ~~pcj4t?~)>P,U"'', ~f,'t ~i! ~¥ J~fl:.,,ser ~ 

:~11!:'::;~::!:~•:df l~'~:t!:~~t ~:, -=~=:~~sth:r• 
-,~=t:~~ 2~"t~~:~.:m~ti~'1t:5CA;!1tL.ttt:5~.~~, 
wtu,,,,butt~l,~_;fl"ft,;h~$,,_ , .-- , , , , ... ~- ,': __ , _; .ru:t ~iu t,"I, __ . 

9. /fflDll'l ,l111cti8•~ ;'..;-• •~¥ff~fli,,t:i~iit.!"S : ,&i-.. ct,~r, 
manipulating functions whicb are •ntit ta• to IIUDbLE. They 
ar,,i1t1,!l. ~O-J:o~i~t ,~,,;c.(11nHoe,~J}f r•H !ffl~:- - . · 
Althou8h tbey are absolutely essential to programing within 
:r,,~r,lhQ. H•,Af~tfiMt~~/'l"rrdJfr1MhtWi! ..,,,~h ,.and 
are included in tbis list oaly fer c-,l•ten•ss. (l] 

Not all TIGERS function~,- f tP ,.,½,u•g ~f, Off 1 p,f. ~~«,~; ~n, __ 

classes, bu~ f•'1tr~l~f ia.. ~~~•f.,aJif')~~!•,qJl,:,fll-,,._:fo~J.,p"!ffg 

sections we exaine TIGERS subroutine by subroutine. __ -.. ~H.- .9t f~, ~or 

functions ..-, d+.SCU.S$9df ~i for.,J~,,of ~er,--,s;,~"'f,,\ tb. program 

listing shouid b• ~s»lied♦- ,' t' t11,i~-,;.~4~r ~~"' i~,,fUJJfltoo~·- will 

be organiJed by -clai~ •~ w}Jf ~0 ~U.1~ffl~ JI, ~~ pt-6Wf ~,,, ~,:~pve 
l~.c ft;_['._.. ?' .:, ·> L 

list. Where useful, flowcharts are _provided and/or a ex•ple of how 
~- -· ,~':··cc::· : .. ~ ,·,· ,:~ ,:,.·.05.a;,:}l"l.d\. ·_;,'6_,:};."'."'\·. t t ':Sc<. ~ 

each ro~nfl. u_ ~c,q~-- ~--~Vc9,Jl· .. ;~-•n·8.t'~@!j .. fe .... ~n·: t.t~l• 

of the e,:reet•, ·o:, *•lli~'.~ t~ .• < roui~.-~:.ifr,,i,~ ,1~~-•1 ijes,i's~t,1-,Ms are 

.. written as an aid: to ~yop•,,R~.•n~}~a: tq'". ~Jli;~RJ4"9':),t}~, JJo,Jts 
enviro...-nt~ 

A.5 ftanipulation of CNTSTR and BEDSTR -­
UtiJJ,,t)hfESj.Mf &IC>, .YAh,, tD!Jt.,Sd.§118!,· 

; '. ' - ,'. • s .' • ~'" f: ~~, t- . ;,,- ' - . ;' ~ . ; u j ;} ~ ;·it ' : .! -: ·.~- • _.·' . ,:., -- -~ . -

BED8;m QAJ, Ql1~: !Ir•. • verY,,i ~iM"~r Hf~ i>S,, TJqJftS.. . Any 

simulation within TIGERS references th• frequently;· it~ is- therefore 
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highly desirable that manipulation of these critical data bases be as_ 
' ' ""\ ' ~ 

simple for the analyst as possible. The routines UPD, VAL. ADDl and 

SUBl exist for this purpose. 

UPD is a function for manipulating BEDSTR. It takes three 

arguments, the third of which is optional. The first two are integers, 

while the optional third is a patient (vector of length eigh~). If the 
~ ""! 

third argument is not supplied. the current patient is assume~. The 
~-:1-!.. 

effect of a call to UPD is to set the field indicated by argl in ttie b•d 
. :, ,t:"- ·1 :{ -:. ;;~;, ', ~ 

informs the graphics routines that they should indicate the change on 

the display. Thus if BEDSTR currently l~s like this 

[O 2 1 5 3 0 2 1 1 3 0 2 1 5 2 O 2 2 6 3 0 2 1 5 4], 

and UPD is called: 

<UPD 3 4 .CPAT> 

where .CPAT is the patient in bed 3, then BEDsr, is changed to: 

[O 2 1 5 3 0 Z 1 1 3 1 Z 1 4 2 0 2 Z f 3 0 Z 1 5 4]. 
. - - ' , . 

Thus the status of the patient in bed three is changed froa being 
·~ -, ' :'t :. ~--- (~ ~ ' -' 

treated by a nurse to waiting for a doctor. Furth~tr·aore, the next ti■e 

the graphics routines look at BEDSTR, they will notice the 1 

(underscored above) and then reset the 1 to o aildwalte the correct 

change in the displayed status of bed 3. 

VAL, ADDI, and SUBl are functions for -llarifjulating CNTSTR. 

Recall that CNTSTR cot\talRs lhe,values Of certalft Jaraaeters~ and that 

The routines VAL, ADDI, and SUBl itake it,:ce•sy 'to riefr fe''tffi--eli■ents 

of CNTSTR by separate names without being concemed about the graphics 
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information. Instead of XQL referring to the actual value of the 

length of the x-ray queue, it actually points to the position in CNTSTR· 

where this value resides. The call 

<VAL .XQL> 
-. 

returns the length or the x-ray queue. Si■ilarly <VAL .WQL> returns the 
. .:t" .;., 

length of the waiting roo■ queue, and so on for NNURS, "DR, NONCL, and 
,, ·•,•,1.• 

•.4i.::' 

LABQL. (See the description of CNTSTR in Section A.3.) ADDI is used 
" 

·,or incrementing.any of these values, and SUBI, for decrementing. Thus 

[O O O -2 0 1 0 2 0 1 0 1), 

and the analyst wishes to increment the nllllber of nurses available, he 

uses ADDI: 

<ADDI .NNURS>. 

CNTSTR then looks like this: 

co i o -2 ! ~ o 2 o i;o 11: 

As with the change to BEDSTR, the gra~ics routines w111 make the 

appropriate change in the display,' and-~~-i1
~ i (u~de;scored above) 

to 0. 

A.6 Simulation.RouJines 

A.6 .1 Sl"ULATE 

81f1ULATE 1s. t,-e "•in si•laUon lftOP . .a•otiUed tn-.,S,ction A.2. 

It is fully •~Pliii~II ... by .,tte fl.,_arlvilHfi_,e iA~J.. ,n&TimBJt is .:a bi~, 

which, ~f sat, ca14$4-5 ~• .Protr• ,tonexi.t.1fr4111,•tlMt 100,. ,::£COUKT k,:a 

CQUDt .Qf tile inwiabv '°f 9Yelttl. a8X8CIJRd. 
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A.6.2 Starting the Simulation -­
RINITIMLIU, i£1N"fT~RSTART, an~I~t 

Before tbe SltftJLATE loop is entered at~the beginning of a 

simulation ( as opposed to re-entered after tuwlbo ·st♦pped an alreadf 
f 

executing siaulation) the simulation ••t· b• initialfzed. first the 

user hits the INITIAU-ZE button on the displa~, This cause execution of 

the :routine RINITIALIZE, whJch does nothinsfilltit: "ttll; REINIT and ...,AU,,' 

REINIT does the f'olJ~ing: 

1. U1itiaUie 8£DSTR 

2. initialize CMTSTR -- waiting ,rOOII .411ity_, ,u resources 
available, ·- ·' 

. . 
3-. initlali2e all cuaulative statist-ic9' 

4. initialize all first COIN, fkS:t Mhffr ... es (see 
Section A.3) -- Mke ~• all ..,,, ,t~~-,-·;,·,, · · 

j '\..,,.< V ' 

5. inilialli• 4tisplay of all cuau.1.ati •.. S.tiltlstics. 
l- ·? 

NPASS, the routUte which us,dates the di.pl•~ .l,:refl,ct changes ~~ 

CNTSTR and BEDSTR..-.is.d.iscussed in SectJon A.9. Af~r the user has -.it 

the INITIALIZE button, he starts the si•lati91 by hitting STAJfr. This 

causes execution of the routine RSTART, ;Wbichr,,:IOes ~• followi"g: 

1. Call START. 

2. Call NPA&S. 

3. Initialize count of events executed (ECOUNT) to 1. 

4. Initialize the interrupt handler which 11,clates the clock 
in the display. This clock uputint routine is called 
UPCLOC(, and is described in Section A.11. 

5. Bhier tlle, staui•te. leep bf oa,lllbg)IIIULME .. 
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The routine START, which is the first routine called by RSTART, 

does the following five steps: 

1. Initialize the simulated time toe. 

2 • Turn off STOPltlT (in case it has been left on) . 

3. Initialize the events scheduler by setting the initial 
value nf the .schedule. The stateaent · 

<SET SCED 
<C<+ -NOV 

<EXPDIS <I 60.0 <2 .LAl'IBDAS>>>> 
'<NEWP 2> 
[O 1 0 0 0 0 0 2]])> 

declares that SCED is a list of length one. It~ one element 
is the event vector whose elements are the ttme+that the 
event is tq be executed (calculated by calling-£XPDlS); the 
routine NiWP, 11bich: generates a patient arrival (Sect:lon 
A.7.1); and \IMJ duMy patient vector [O 0\0 8 o'o O 2]. 
(NEWP :l:s ~ ttf the few routines which has no "tssod.ated 
patient•.r 

4. Genera,e and send to the scheduler instances of the 
event NEWP •. so that patients of all pc,;ssib~e types will be 
gener•ted. 

5. Call the scheduler. This executes the event NEWP just 
sent to the scheduler. NEWP of course generates other 
eveats, and H tile sillulation is· on its way. · 

flowcharts suaarizing the entire initialization procedure 

(RINITIALIZE. RSTART and routines that they call) are given in figure A-

2. 

A.6.3 SCHDLR and ADSCD 

The avents sdteduler was introduced in Section A.Z. The purpose 

of this section is to describe the routines SCHDLR and ADSCD in greater 

detail. 
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A flowchart for SCHDLR is given in f)(lllre. A"!3,. -Recall that if 
. ''-, ., . · . 

• L is a list, then <l .L> is the first 6111Ht or-~li• list~ <2 .L> is 

the second element, etc. 

SCHDLR takes no arguments. When ;it is t'itl_ed, · tt relioves the 

next event from the list SCED; waits, if 'llKesWV; ,aad.,executes the 

routine associated with the event. Consi~r f!r: •X@ple, a state of a 

simulation in .TIGERS wher.e: SCED is as foU9Wf:.:-
- . 

([37.685173 <SNDNS PRFD> [O 6 O 37.685173 37,.-Sl,7,~ (0-3}] 
[92.209408 <NEWP 3> [O 6 0 31.685173 37 .US.t.t.3--0. f 3.]J 
[96.171992 

<FRDR> ~• 
[1 1 0- 18.469403 18.469403 66.055544 0 3]] 

[97 .171992 
<SNDXR> 
[ 1 1 0 18. 469403 18. 469403 66. 055544 O 3]] t/ 

[ 107 .17436 
<NEWP Z> 
[l 6 0 24.505186 24.505186 .69831634 0 ZJJ 

(483.71264 <NEWP 4> [O O O O O O OZ]]) 

If at this point the program calls SCHDLR 

<SCHDLR> 

the program waits until the simulated time is_-fff•~,ar than 31·. 7 minutes 

[37.68~173 <SNDNS PRFD> (0 6 0 37.685173 J'7,A~l73 O O 3]] 
½ 

is removed fr011 SC£D, and the routine NE\IP is executed. When SCHDLR 
l ~• • t , ~,• 

l ' " ,_; 

returns to the calling function, SCED is ~ntlUid'.lo(aoiiilfAlng like ~his: 
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([41.656325 <FRNRS> [O 6 0 37.685173 37.6~5173 0 0 3]] • 
[41.6'5632"5 <PRFD> ro 5·0 37.685173 31.68!1173''0 10' Y)J • 
[92.209408 <NEWP 3> [O 6 0 37 .685173 37 .685173 0 0 3]1 
[ 96 • 171992 ' 
. <FRDR> 
[l 1 0 18.469403 18.469403 66.055544 0 3)] 

[97 .171992 
<SNDXR> 
[1 l O 18.469403 18.469403 66.055544 0 3]] 

(107.17436 
<NEWP 2> 
[I 6 0 24.505186 24.505186 .69831634 0 Z]] 

(483.71264 <NEWP 4> [O O O O O 0·1 ZJ}) 

Notice that in addition to the fact that the first event from before the 

call to SCHDLR is no longer there, certain other events (indicated by•) 
,;; . -~, ·~ --- ' 

have been added to the list. These new events were created during the 
. ~, .- :.,, ·, ~ .. 7. r~ t; i: n .. , 

execution of NEWP; ADSCD was called :·'to: eY-AU ·•• ;new events and send 
~ -- ' 

them to the scheduler. 

ADSCD does two things: create an event vector, and insert this 

vector in SCED. The function takes three arguaents, a ,ti~,. a routine, 
,· 

and a patient. The third argument is optional, and if it is not 

<ADSCD 41.656325 1 <:FRNRS> [O 6 0 37 .6-85173 37.685173 O O 3]> 
: ~ - ! - ; • i ,' . • ,• 

would cause the the first event marked by• above to be generated and 
, - . . . . - ~ . 

added to SCED as shown. 

A.6.4 ADTOQ and LEAVEQ 

Re.call that first-come-first-served queues are simply ordered 

lists in TIGERS. ADTOQ and LEAVEQ, introduced in Setticm A~3,. are the 

routines used tor aantpnllting·tlifst>queaes. 'Tfte rttotf11is 0 are si•ple, 

but lt will be constructive to give exailp1es of. thetr·ase and of effects 

of their use. Consider a point in a st•lattitn in 'wlttc:b all beds ari 
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occupied and there is a queue of ,length four in ~• wetting roOIII. The 

TIGERS waiting rooa queue, WAITQ, might look like this: 

([O O O 47 .946994 t 00 4 2] 
{O O O 49.379954 O O O 3] 
co O O 53.499452 0 0 0 4] 
co O O 59.368199 O O 0..3]) 

Say it is time 63.740902 and the event NEWP, which generates new 

patients, is executed. NEWP notices t~~ ~.,-.,: ~tt: 11~ .fr-eei,Ped$4_ and 

adds the new patient to the queue by calling ADTOQ 
'"< : \i,.,,c l • 

<ADTOQ WAITQ CO O O 63 ." 7409!)2 0 0 0 3 ]>. 

After the call, WAITQ is larger: 

([O O O 47.946094 O O O 2] 
. ta. 0 ,Jl,,,M-~~ ~,0~4 3}. 

co O O 53.499452 O O O 4] 
co O O 59.360199 0 0 0 3] 
co O O 63.740902 0 0 0 3]) 

. ·~:: ;••; . ' ~ 

Say a few minutes later a bed becOll8s free; then the routine CALLIN is 
. • '? ;~ ,:· • . • , . • .. 

called to •call in• a patient froa the waiting rooa. 'cALLIN uses the 
J ·.' :r•p-, . ~ ~ ' ;· •: f 

function LEAVEQ to get the •next in line• frcill tbe queue: 
' ' ;· ~-. ' .. i:. ~ _'._, ;:.., z . j t f; ;_ ; • ·.' 
<SET NP <LEAVEQ WAITQ>> 

At this point, .NP is equal. t~ to r<o ~7 .946094 0' 0 '.o -~b. anct'CAi.LIN tias 

its new patient. Furthermore WAITQ has been up~tef to 

(COO O 49.379954 0 0 O 3] 
[O O O 53.499452 O O O 4] 
(0 0 0 59.360199 0 0 0 3] 
[O O O 63.740902 O O O 3]) 

A.7 Ev•nt Functions 

. Io tb;.s ;~'9cJian w,1 disc~ss. ~hrt llM!n~0 f-,Qf~!,!lJ cus;~•~~~1 

available in t~e TIG~RS environ•ent. It is -l■R9ftant. ~o. keep in• 11ind 

whilf a:-e~ing it ,11,,, .. .ao$t .of tltes~ runc;Uoq,,,,r" d!f'Jliff~~ arpupd,t~~ 

model described in Chapter V. That is, the event functions, at least 
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the less general ones, are necessarily related to t~e world line tree 

being implemented. It is difficult to say which of the existing 

functions would be obsolete -- or which would need to be rewritten, or 

which new functions would need to be added -- if some other model were 

being implemented. It suffices to reaelllbar that the program is intended 

to evolve to meet changing needs. 

There are some c:ktrtnitions and phrases that sbould be kept in 

mind in studying these events. First r•c•ll that "all event functions 

are executed only by the scheduler, and that·associated with each event 

function executed by the scheduler is a pa'tiallt. ' Ttfe event functions 

are written assuming· tfte existence- of this pa'tieht; in the context of 

discussing an event we shall refer to' this 'patient as the current. 

patient and to the associated bed as the current bed. 

Often we shall speak of •sending an event to the scheduler." 

Recall that this process involves two steps: 

1. Decide when the event is to be executed. This decision 
is made using r.v. functions to generate a random value for 
the time increaent involved. 

2. Use ADSCD to create the event •nd place it in its 
correct position in the otdered list SCED. 

Also we shall sometimes speak of sending an event to t~e scheduler •tr 

be executed iaaediately.• This simply Mans that the scheduled time of 

execution of the event will be the current ti•; tllus the event will be 

executed imediately after the current event. Sending an event to the 

scheduler to be executed i•ediately thus. avoids having an event 

function called by other than the scheduler. 
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Finally recall that four fields are associated with each bed. 

The utility function UPD, which updates the values of these fields, will 

occasionally be used in this discussion, especially in the flowcharts. 

A. 7 .1 NEWP 

NEWP ( NEW Patient) is the event flmction- whw:h gefMlrates 

arriv.als to the .syst.,.. Ul\1-t~e aost '.~~ ,f~j~ ,~t takes an 

argument" the patient type of ~- .pati• ta:, JM- •n.,r~t-t,d .. , £•c-utu,n, ot .· 

NEWP effec,ts _the suaulated world if1:. two ~,S. fir$~ .a, RB?f patient e:f . 

the specified type_ apJ)8ars in. t)le ,~illul~~ p,r~~f.~OOII: r~Sst:tnsi. 

trea_tlH~t; ,, The patient ls. _ttith~r,, as,'i~ ~r~ ~ ~: a_,,p~~. or, if., 

one or both of these are not available, ~•- ~~~tyfR~sSc:, tJJ• ,wai.t.in9. 

rooa queue. The second •Jor job of NE'f.0 i5: ,t,o,., p.,-,,~u.Jt:e ,+.iself so 

that more patients will arrive in th,at f11iure .. , .· This ti JCC-91DPJislles by 
;: i .· ).'_ - ' - .. _) _.,.;; < , 

generating a new NEWP and sending tile ,v~l io u.,:: $ca,.!fulerr. 

steps: 

The algorithll of the routine can be,.,.S,~cr~l>ed ~Y th•· following 

1. Generate a r•ndOl!!I valu,- qf ,., ~~OU!MtH•l -,~8'!~•"' 
variable.· Use tlih v•l!Je·;~of<1,fttr,,i~•.s~e'1irr1y,l ~ime or 
the next patient of the current patient type. 

2. Call,. ~Q io cr,«t• the JJ8X\, i1t~t~~• of ,;,MWP, .f9r tbe 
curterat 'patient type. . . . . ' . .. .. . . -

3. Create' a new , patient . ( recall ( \that a patient is described 
by a vector of length eight). 

4. Increment the number of _.paU~t:S; ip, "Ota,, s.iste11,. 

5. .If there ,is,a, waiMng roqa •V•4'·,J•4-•dW~, 1t•,A~~Uent to. 
queue. Then return t·o the scheduler. If there is no queue, 
proceed to steps 6 and 7 ... ,, ·:· 

6. Find an empty bed, and assign the patient to.that .bed. 
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7. Generate (send to the scheduler) the event.to assign a 
nursi to that patient. 

Since each NEWP perpetuates the arriVals of on\y .one type of 

patient. it is necessary for the initialization routines to initialize 
. . ' ,,. ' . .-

SCED such that one instance of the arrivtl of •,ch tue pf. patient is 

scheduled. Thus for a model with thre.e pati~nt tyees, the initial 

schedule might look like this: 

([3.5183036 <NEWP 3> [O O O O O O O Z)] 
[53.98~516 <ME\IP 2> [0 O O ·o O O o 2]] 
[347 .16065 <NEWP 4> [O O O O O O 'O ZJJ) 

After SCHDLR executes the first event on Che sc.hedule at tiine 3. 5,183036, 

the schedule might appear as follows: 

([3.5183036 (S)lofS 'PRFD> [O l O 3.5183036 3.513303"6 'o O 3]] 
[7 .1731240 <HEWP 3> [0 l O 3.5183036 ,3.5183036 0 O 31] c 53. 986576 ot£\li z·i ro o o- o· ti o· cf· iil · · · · · · · 
[347.16065 <NEWP 4> [0 0 0 0 0 0 0 2))) 

Note how the event NEWP execu.ted at tha.t t,iae perpetuates its•lf 

by creating a new siJIUar event to b.e executed at t.llle 7 .•. 1731240 •. The . . . ·. '. . . / . ~ . 

event <SNDNS PRFD> was generated to call in a nurse to treat the new 

patient. (We might re■-rk as an as.ide that Type 4 .i~ ap,par.ently a very 

rare type, since the first Type. 4 arrival is not scheduled until almost 

six hours into the simulation.) 

A.7.2 PRFD and ASSIGN 

PRFD (Patient Ready For Doctor) is" the event that is executed 

whenever a patient is ready to be seen by a doctor. This might occur 

Just after a patient has been admittw to the Wtffgency room, or upon a 

patient's return froa x~ray, or upon any ritnlber'of vtb4ir occasions. The 

exact time is, of course, a function of the model that 'is t•plemented 

\. 
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( hereafter referred to as the current 1110del)" ;PRtO., ao~-e than. .any other 

event, is dependent upon the current model, for it is PRFD, or at least 

its subfunction ASSIGN, which is always.rewritten with each 

implementation of a world line tree. Oversiaplifying only a bit, one 

might say that PRFD in a TIGERS siaul~tion has the· foll~win~ tasks: 
- -

1. If a doctor is available, assign tliis doctor to the 
patient; if not, place the patient 111 .. 1r.«1ue11• ot Jta~ients 

' - '• ' • ' I' L .~ 

waiting for doctor. · · · · · 

z. Decide duratioq or .visit witll dolcWr.•-~-~~ next 
event in world line of Jtlitient.. _ .• __ ::· 1 , · ~ · __ · ·· -

3. Generate the event to deusi,111 tjae .assigq_ed dpctor, a.t 
. . . \- :? ' t ~ .• ;; : '.· -· 

the appropriate time. 

PRFD sienerat.es all evanu which represeo.t . .it-.s-,fpr lfhi.ch a . - ; ' ' ' ' i • ' - .. - '- -• 

doctor is usually responsible. LaJ>i{t'" .. ..i~~~ ~trP~ .• --~ ' 
consulting physicians from the floor' ar~ cirdered by ;the ~vent PRf'D~ The 

f'lowchart for PRFD appears in Figure A~4;- altli'~ugh it is largely self­

explanatory, SOIN discussion is nace·ssary. ste'p z above is perforiled by 

the subroutine ASSIGJf wHic~ will be d1scusse't1
1;15ilmlt b1a't r'trst 'we 

examine the iapl ... ntiitioh of steps' 1 and 3;; reJerr°tng· to'' ftsfure A-4. 

First ·th'• c-onr'lict n'ag is set tc,,. :•n.1~ if the h,fretorore 

unexplained flag, •ntioned in Section A.2, which is th~ third element 

of the patient vector. This flag is used by the ~~tQ avpid 

generating r.edun4-nt in~tance~ of .PRFl),-for -~ W• ,p&ti-ent. If it 

were no..t for; this1 flag,. ani p~~,nt. t.-0r_. wbAa -~ ~-:raar.;:#\d.,l~ .te.sts 

W}!rtt .ordJtre4 ~ht O.nd J»ueilf se•j,q -~ ~~-.,.t~ 4-fp Ule •$411118 , 
• - - , ' ~ • • • ' • ·.~ - > • • • - ~ - ·•, '- ~ - • • ' - • - -. - ,. • , • 

ti■e, since the ev,.ts as$0Cij1-te,clcwi,f;J\.; ~ ,r~ ~ .. x,-,rq'. and fttt1'rn 

fro■ 1~; ~erate .tJ\e. e.v,q,t P.Rf-t> .. 
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After setting the conflict ·f·lag, the progra checks to see if 

there is a lab report outstanding for the current patient. If there 

is, the patient is placed in: a ldb ,.,_fJcl,d state until the riepor-t .cOlfts 
,l ~; r, : . 

in. It is assuaed that .. the? is-')AQi -point. in visiting a doctor a second 

time until lab results ordered during the first doctor visit are in. 

The event PRFD will again be sch..,lW for the patient for the ti.a Just 

after the lab report is schecti'fled to·.:'arrt.¥e. ,, 

If there is no outstanding;-laboratory report, tlte program 

attempts to assign a doctor to .~.• @i8,t.1ant. It first checks for 
,,- r . -·-.-·~·,r,,r·}r·: ·-....,_ \" 

available eaergency roOII pltrsOlistll; ·. '.Jt n...-.n llftt!able, · t't ·ttacides 
- . ·~ -~ . 

whether the patient should be plKed, in a doctor bloclell sta~e or 

whether an att•~ should be aade ,lo_ call in a doctor on call. tn the 

present illpl8Mntation, • dec't~ OQ .taJJ ·1.._ sought only if there is a 
r ·•-~ ............... ,..,.,,.,.~.- --, ...... -- --~ -~ --· -. , . - .. :~. ·: .; - :!)- ~--· -~ .. 

waiting rooa queue. Of course .if no ~tors on call are ava~laij)At; t•• 
- ~ .--•' 

patie~t is still placed in the doct.or blocked state. 

The temporary variable' TEV:''U a~,ctevtca which is used t1>- ~sign 
' ,...---· ,- .... 

the cerre~_t_ doctor when step 3· ts,~. If an aergency roo1ii~octor 
,. 

w-5 ~ssqge.S, TEV becoaes tbe event 'FRDR (fr~LL dot:.t.orl-;,.,,iL.• .. doctor 
,i.. .-

on-~att-•lfU'' usigned, TEV betOll8s, __ FRNCL~ '4rr91 c1oc,or on call)·. ~~ 

wllen &he event TEV is axecut~dat th•·~ of~PRFD, tbe correct 

deasstontu routine is executed. 
. .., 

The subroutine ASSIGN·, wht-ch is internal to PRFD, is the he~t 
; ~ .:.~;, ' ,J :. ~~;. ; ~ 

,• . /. . i 
of tlle iilpleaentation of the, warlc11.tnw. .lree ;in TIGER$. 

i 

whidl' decides what' a patient's next •veat 1s:to be and when i~ is \o 

occur. .ASSIGN generates this ev,11t• .-,:I ~end~ it to the sched\U.1tf ~~ It 
. . _, 

theref'ore changes with each world 1,1ne tree .-,Hllltllt'ed": Chapter V 

~,.-
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discusses the world line tree which has been implemented as a part of 

this research. Figure A•5 gives a flowchart for ASSIGN which is based 

upon that tree. 

Before further discu,ui,qg ASSIGN, W4t ~ress at this point to 

introduce random variable functions, the use or which is necessarily 

understood before ASSIGN can b•explained. Random variable function·s 

( r. v. functions) constitute the mecbanisa1 ecployed by •TIGERS to 

introduce randomness into" the siaulat:1on. ~:'. of .. ifus wr.iting there are 

two types of randoa .vartilble fimcti-®s. '&be hel:ean 'type ~ called wi,t~ 

no arguments, and r•t~rns simply ps or no (actually! or FALSE. As 

mentione'd in Chapter V, the mod-.1 is structur-8.d •ch ttiat.associated 

with certain key questi.eu are probabilities, o, tile l~elihood of 

certain events occuring, which are Ht by·the,~imenter. Each boolean 
,._,. ' 

r. v. function is associated with one of then probabilities. The 

function, when calle4, generates its yes or rio valu1tby considering the · 

probability and calling a random number generator. That is, it is as if 

the function were to J)rectsely weight (biast a coin, and then flip the 

coin to generat'e' a value. · The test model ts \SO •~nJctJlf'ed that. each of 

the key q1i1estions listed in Chapter V has associatec:V..with it a 

probability and a boolean r.v. functiou. In Figu~e.A-5 each of the 

decision boxes 6, 17, l8, 20, and 24 represents a.call to a boolean r.v. 
I 

function, and thus also rept"esents a p~n~-it Which the experimenter 

assigns a probability. 

The second type of r.v. function is the time (t.r.v.) function. 

T.r.v. functions are used to determine values for random time intervals 

when they are called for. they are called with no arguments and, like 
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boolean r.v. functions, use a random number generator and a parameter 

set by the experimenter to generate a value. This user-set parameter is 

usually the mean of the probability distribution function associated 

with the value being generated. Thus, if t~• associated parameter of 

the t.r.v. function DRXT were, say, 30.0; a likely result of the 

statement 

<SET TIHEVALUE <DRXT>> 

would be to cause the variable TIHEVALUE to be set to, say, 37.61438. A 

repetition of the statement would set TINEVALUE to some entir~ly 

different value. 

Section A.8. 

For aore information on randoll variable functions, see .. , ; 

We now return to our discussion of ASSIGN and Figure A-5. 

Recall from Chapter V that the model assumes one, two, or three visits 

with the E.R. doctor, depending on the COIIPlexity of the treatment 

necessary. This is reflected in the three aain subsections of the 

flowchart, each of which is associated with one of the branches 

emanating from the decision box which examines t~• nlJll!l>er of doctor 

visits (box 3). Generally speaking, ASSIGN does the following: 

1. Increment the number of doctor visits. 

Z. Decide which event(s) should be scheduled next for the 
patien,t. 

3. Call the appropriate r.Y. funotion to decidit how long 
the current doctor visit will last, and therefore when the 
1t•xt avant ls' to be s-clNtduted. 

4. Pass this _information (time, event, patiaent) to ADSCO, 
which creates the event and puts it in its proper place on 
the schedule. 
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Let us exaaine in more detail the three uin branches of Figure 
,'.) •:;.; :i~ i,::f:tt f<:' ",<,-·~ 1 ?,~11·1-..~>.;.}~::~ 

A-5. Clearly branch one (first doctor visit) is tlle aost cORtplicated. 

The first decision (box 17) is whether the patient is relatively easy to 
t· :: - ,.,. ' .'.! J t -, e ~-1 !~, ~· t ;;~ '-

treat. in which case an ialtediate exit is scheduled. If this is the 

case. the appropriate t.r.v. function is called (box 23), and then 

another decision point is reached ( box 24). · TIie question here is 

whether or not the patient needs to see a nurse before leaving. Once 
. ~·-~~. -.""--1 .:t:·.: tJ :_1.-\.:;;!-fJT ~11.dt.i=t4'\ ~,.:,:ii t1~!.1J£.~) ;_;_; ~.:r. 

the appropriate event is scheduled, the function rewrns to the ·calling 
~ ,· 

function, PRFD·. 
" _ .. ,tr"-' i ·: •) ·) .. :.. ? ~~;.:- .-,: t'i\) ni:, ; J .~~:~-:.o 1· n _:-. >:·{CT-!~~ ·1c,,, ·: ,.-i · u 

If an ialediate exit is not scheduled, aen questions reMin. 

First. is a lab. report necessary (box 18)? If ao. Mite the appropriate 

arrangeaents (boxes 11 and 12). Tben set tlM conflict flag and 
1 . ~ ~ .~.•;d~:?;:; ~ ~A:_•otJ_ ariJ 3.&s!J V ·•1~Jq r~ 

continue. Is an x-ray to be taken (bex 20)? If se, call the 
~ , ~:(··- :'":;· ::r.,. t ;·;,::q'3!:t ~ 1J,J::,.~:~~ •' ,i,· ..... • ~'!'{ 

appropriate function to generate doctor U• (box 21) and send SNDXR to 
·;,·i :· ;,,: J--:-r,- ·•;~/ ; ~··I~:- ·:.f b~} J,;·1~1•·1 ,~ i :·'_j~•;T ;:-L'·': 

the scheduler. Then return. If no x-ray is necessary, set the 
··,_,. td '!•nJ '·:-..,, :: "i..; ;1~~ :\, .,.,lil/:1r,2i1'! ei: t1~;11t~: !t~ dJE ~~ ~; 

appropriate doctor ti.lie (boxes 13, 14. and 15), and sencl the event to 

the scheduler (box 16). Then return. Different t.r.v. functions are 

called, depending upon whether a lab ·test was sdledvled or not. 

Branch two is considerably stapler Ula lwaaell one. On the 

second doctor visit, tale only aaJor decision is ldletller • c~ 

;·~~--~~w ~·;, _--.-·t-~:,~·!: ~,t;,c . ~~ . ;, iw .1,k,?;iV <--icJ,.,)O~ jr;<3 ... ;•"i~}) v'.. k 

the event of his arrival is schedu,led (~~•4tllJD -.--. :v~ 

patient is ,~led,~,,~ .l~ ~- ~<!t,r;;1,,"r1t ,•.i ,i;:· ~;r,,, 

! - .• · .• --·~:," :--'} - ·. ""'~:1~: >~tlb- .J·'··'..\/$\ ~ri-"'r l.~J .. -~--: 
Fina,lly, branch" three is· tile s'i.:aplest. '"1111s' br~';,~~ .• lY' 

reached when a doctor sees tlla patient after tile consultant leaves. 

This calling in• doctor for• third tiM s:t,,gntfin tllat tllis patient 
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has needed much of the emergency room resources. Branch three simply 
' ' ' .~ . " 

schedules.the patient's leaving afta.r se,ing the doc~or_the third time. 

A. 7 .3 SRDXR, XRAYF'R, and LABRET 

SNDXR is the function which transfers the current .. patient from 

the main treatment ro011 to the x-ray rac'iiity. Tfiis.ili~olves.the 

following steps: 

1. Incr8118nt the nllllber of patients at x-ray. 

Z. Update field 1 of the current 
0P~\i.t.'..&«/jJ~~~x-raY,). 

3. If t.he facUity is alr,adY 1, 11s•,,~ffiJ~i~ ~!QQti~he 
current patient to the end o(~ 1~,1'f ,~t.-~,i;'f•~ii'1g . . 
for x-ray, and return to the scbedufer. · · ' · · 

' . -·-

4. Otherwis4l, start ~I!• paf:i,en~,'s ~~~, ~•rv1~. raDis 
involves calling the routine XRAVT .. to geni~f~J:~Q~: . .. · 
value for the tiae spent at x-ray, ud usiatf D to send 
to the scheduler the routine (XIAYFR) lo retal"II the patient 
to the aain traataent rooa •. 

5. Set the conflict flag to 1. 

6. Send to the scheduler the event a-RFD to ·1,e executed just 
after XRAYFR. 

XRAYFR is the event alluded to abovi'whicti releas•s the current 

patient froa the x-ray area. to algorttfa''if·af·rJiiows:. 
, • ,, . - f: 

1. Decr9118nt the nUllber of patients at x~ray. 

Z. Update' fleld · 1 or tile cujtent ,all~~"'to·' 2; t ln main 
treatment ro•). 

3. If th~r• is no x-ray qu•~•• ,-•411Rll' r4'tunp to the 
scheduler. 

4. Otherwise, remove t.he ~ext ~n , l19e"J~r9"-, t"t- , .. eu,, and 
make this patient the curteftt patlut. tit.n fof thiS new 
patient repeat steps 4, 5, and 6 or 8IDII alleve. 
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LABRET is the event which returns a lab report on a patient to 

the main treatment room. The actual request' tor 'ttie rjpo.rt fs made by 

the doctor in PRFD (in ASSIGN). When the r~t, Js ;;,•~• ,~e nllllller of 

reports pending in the lab is incremented,, the t~, ,uatU .the return of 

the lab report is calc;ulated ( ~n r. v. function 4_s calJec;I) ,, and the event 

LABRET is sent to the scheduler. LABRET does the following operations: 

1. Decreaent number of lab reports ,ending. 
· ·.- ~ ) i r ._! ,-:. · · ... 

2. If the conf\i~t_flaq ts set to t• ~.,'!n ,return 
u.ediately tcVtha scheduler.· 

3. 'Otherwise cllect Wb'ether, the patfent U -'.at ,t,ray. 
return; i.Jllliedtateijf'to tlte';s'twedaler: ,,:·; 'ii ' ' ,:,/ 

<·~ r:: '-_ ,:t < ' . _-; - -- ) _; ~·· ·: ,. 

. :.: ' 

4. If the conflict flag is set to O and the patient is not 
at x-ray, send tlM ·avtnt 'PltfD to :tlle scliidui.ifJto ·b• ,, 
executed':'~dil\tlt:1 

·,· ,, ,- i , ,, : ~ ':. : '. .: ..:··., · i· 
"-·. .-: -• -_ t~r __ : - ,. - : • - _ . .:, r! -

A flowchart of LABRET appears in F i,,_r• A-'e. · ·· 

A.7.4 DLCW, CLTARV, CLYDR, AND CLVOY,J 
,. ' 

DLCW, CLTARV, CLVDR, and CLVOUT are the function$ ''that ·handle 

that par:-t of the patient's_ wor:ld line tr1te. rel!t4'd to ~It! visU 9f a 
; .-, . · .• _ !· :. ,_. j ~· ..... ~~ '.:'..: :· -.' ~-~ '" 

consultant physici9:n (~f.n•c•,!a~rl- .. ~lf ~• extr~~J.,!~•p\, .. DL~ .. 

( Doctor Leave, Consult Wait). if U i! -~~h•~l.~~,•-: ts, ~~11,~~ttt<t c;tµring 

the second doctor,,. vts!t 1,. .~Aij~~ . I~~~,9:, ~~, {glfor,Jt?~ tff~f; 

1. Update field 3 to 3 (waiting for consultant). :ri• ' 

:. . : ~1 • ,_. ~ . . . , -~ - : ·. _' ' , 

2.. Call the r. v. function CRSL TT to -find · out ho,, long the 
•"': ,; . 

patient will be in the consult blocked state. 

3. Send the ev-,Qi CL1iatv·t~ tbe s~~ffll,!r~ ,, 
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CLTARV ( ConsuLTant ARriVe) is •1:alled· Olfly· by 0.-TMV. Its 

algorithm: 

1. Call the r.v. function CNSDRT to find ou~ how long the 
consultant will be with the patient. , 

.~~4--

' . ..-; ;J _; ." _. 
2. Decide whether a third doctor vbi t' tif.1tl ·~ necessary by 
calling the r.v. function OUT-AFTER-~~ .. '!',,.·, _ 

t .~. :-, • •....; ~ -i ·.- •. -.... !c-1,' 

3. If a third visit is to be schedul.Wl.!.~M1· al4i.J.went 
CLVDR to the scheduler. Otherwise, send CLVbUT. · 

{ 

CLVOUT and CLVDR are similar; each,llu.--on.fy.twa .s~eps. The 

first is to update field 3 to l (i.e. no 1;~ge~ ~•r~erved by the 
. . ., ... ; 1 

consultant). The second is to schedule fot ialediat, exe4ution the next 

event: CLVOUT schedules OUT, and CLVDR schedules ,alFD. 

t 
-·. 

A. 7 .5 CALLIN, SNON6, ·and· RNRS 

CALLIN is the routine which raoves ._. •f#-t\ fr:Olli the waiting 

roo■ queue. It is not called unless a bed is ava1'f'able, and this bed is 

t~e current bed when it is called. It does the 1',llowing: 
. , . .,-·· ·•. 

1. Reaove a patient froa the waitif!U.· ro°",!'AU8Qe ··1,y using 
LEAVEQ -~~ ··-,. .t 

<SET NEWP <LEAVEQ WAITQ» ,· 

2. Assign the current bed to the new patie~t. (i.e. set 
element 2 of the new patient vector .to.. tha·..io.s.itJJm in 
BEDSTR of the current bed.)- ... J ,: .'.'J,; ~1, 

3. Update field l of the current Md tp,-J: {~,',~ting 
presence of a patient) and field 4 Co ~~,!'] t~e new 
patient. -~-

' 
4. Send to the scheduler to be execute~ . ._d_i~tely the 
event to call in a nurse to treat the ,tew patient._ 

5. Record the tiae of this event as tke tiae or:beginning 
of service for the new patient (in eleaerit -5 or the patient 
vector). 

/ 
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SNDNS is the event which assigns a nurse t~ a patient. It 

takes one argument, an event, which informs the Pevtine which event is 

to be sent td the scheduler when the nurse'fs treatient of the current 

patient is over. Thus 

<SNONS PRfD> 

would cause a nurse (if available)_to be assigned to the current 

patient, and it would cause SNDNS to send the event PRFD to the 

scheduler to be executed whenever current nurse.treatment ended. The 

call 

would similarly cause the event RLSE to be executed when nurse treatment 

was over. 

FRNRS is tbe routine which deassig{ls a nurse .froa a patient and 

reassigns the nurse to a patient waiting for a nurse (if any such 

patients exist). This procedure is accoaplished by the following steps: 

1. Update field 3 of the current patient to 1 (no server). 

2. If no other_ patients_ a.r~ waiti{lg for a nurs!,t, simply 
increment the nilllber of ,.,ttlab11t narses·ud reiarn to the 
scheckller. 

Otherwise: 

3. Use LEAVEQ to remove the first patient from the queue of 
those waiti119 for: nurse. servic~, and •~s~911 tlle nurse Just 
freed to th•· nittt"patieht. (Utxfate ftet3'3 of th, flew 
patient to 5). 

4. Decide how :J,ong this new patient will be treated by the 
nurse, and send the event f'RNRS to' tbe ·sctutdulet to be 
executed at the appropriate time. 

5. Send to the sc~eduler the event representing the next 
event in th, new patient's world tine after the nurse 
leaves. ( It knows this event because the event wh_ich placed 
the patient on the queue of patients waiting for a nurse 
also placed on the queue information describing this event.) 
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A. 7 .6, RLSE,.. OUT.,,~Wtfl>W9 

.. 8L.$E (l'!L•,t~t,:,J.e.s,,.~ P~,li•11i;;,(rqf:~'=-i-,s~~· ~en all ... 

treataent is over. It involves four tasks: 

1. Incorporate statist.ieJ qf, ~,~urrent patient into the 
cu■ulative statistics. · ·· · ·'· ... ., · 

Z. Decre~~t th'e' rilimbitr of patients:. l~' "th. sy~tem .' 
3. 'R...;,v~ ~il' ti-aces oi' th~ c,J:~~g ~tl~rit cti'~ the 
cu,:,-r~,t, ~4., .. Ji .e. _ Up,Ja~,,.•l!:i'~"f:mff...,f~IJ!~s~9 J.). . •i. 

4. If there is a waiting rooa •veu•, send Ule event CALLIN 
( to call a patient froa .. ~!.n~,. r roea into the free l>ed) 
to the scheduler to be encutidHiiiiNJcliately. 

OUT is the function which prepares the patient to leave the 

The routine 

or not. ' tn 

•. ,-. ; ~ .. _ .. ,_:;·•j ,, ···::,', -~ ,.:,· - ,: -- i'1 .,1fI-~.!l.3t:,q .h t'jj' ta'i ... lLJt: ::-~!i:f ~ :";:t'il ··,;·_ ·-~. 
first'decides whether the patient is to undergo observation 

' . ,,,.: :. ,~"-·:I' . __ , ,--;ll'_,.,iJ,. _ _...,..-,,,, ~,,r.-J:~ Is,;;.-<';;,._..,,.'. ·•''"j~' •;.•: 

cal cu 1ad.rig 'the' value of the 't,oo1eai rimcto■' ~ar lab le on ' 
which the decision 1s ba~~d~ the

0
;robabilti.r) of 'tlaf&r:~~6i~ at. this 

point i .. ir..-),~,:J~i'; jlij ·: t,t-1 ,jt': 'f s :;:. lJrlfH-)"".i 'if'r ~it:~ibttn~atient IL .. ,. ••· . . ,,r· ,,, .. P ijaJ,,,ppf,j~Jri,.Mff,,1 "'"''·" ,,,,, 

is to _undergo an observation period, the duration or thts'' period· is 
.. , 

calculated, and the event PDWO (Patient_ Done Witb ObserYf$~9J>Jd.a sent 

to th,:_ s~ht~Pl"':r .:J~t•enf.i,J•f-~ t~1.,_!'f•A1~.tAW~H ,fl'6~r}R;Jh, .schefluler. 

PDWO does nothi,ni, ·;~~{~~~,.nir~!i t'~~,K~J~f'in ii,~, ;§}~1~~J manner 

to OUT when PDWO is not generated. Note tllat the pr~abi1iif: :t• 

distrib;tioq . r~,c~!ffl;;,fS~~l;t~ef! ¼~\',~iJ,-;)ff~i,:aq,if ~~e -lS~eduled 

to~• executed varies, depending·~,h, W.\ttili- 1\I~ ;~ii~~li~'t~ be 

admitted to the ~ospit1f o(r•l•~~JJ.'.$0;:·ij~~~}§\fi)"PF,ld.~ .. 
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A.7.7 FRDR and FRHCL 

FRDR and FRHCL are the routines which dlassiSID an emergency room 

doctor and a doctor on call, respectively, froa ,~tient. The two 

routines are siailar; in fact, they are the s-. • .xcept ~he first 
• ~ ,,<' • ' 

•._,:~-~ ~~~ '·''\-

increments the nUllber of available eaer~:r.te•/~~- tmile the 

second :t;Jcreaents the nUllber of doctors on cali~; •)kfth call the 
f ~ ; 

subroutiple FREED wh•ich takes one arguaent descri~ lfhich data base to 
{/ ~ ' .. · 

increment. lbus <FRDR> is nothing .,r, tllal(.<riltD1 .NOit> <where NDR is 
_;- ., ;--• - C -< -➔ -r -• ~ ~(~~ r\ . ! p ' ~-

the number or. available doctors), •d <FRNGt~ fit~~ly (ft(EED .NONCL>. 

We describe below the algoritha for, fRDR: 

l. Updat• field 3 of the cert•t paiient to 1 (no.server)~· 

~~r-nt the nllllber ~~ ia!~l♦ E.R. doctors~ 
' 

3. it .. ao. patient 
tlte scheduler. 

; _.!, ···r· i ,·~/ ('- ~~ > J 
is W&i.tiafl,$----•-flector, sillply r•tuRa -·~ 

I 
4.- Otherwise reaove the first patient~~ueue of 

.. •t1o~M?!~in1 and send to the sc1Mdul9f ,-r..• ,..,< r~;~ the new 
1 M~t) for iaecliate execution. ' ·• .-, "" · ' · . 

A.8 Raty.loll Variable functions 

Random variable functions, which Jntr~ ~omn•ss, non-
! :~· \ii 1 

:_,- ""}tfJ:> '. t 

de~er■inisa, into the si1111lation, have al~:r~~~ced in 
' ' 1 ~:)1·rz:rA1~c ; 

Section A.7.Z~, The r.v. functions of a s'-1ati9' •••d .4'ery mch upon 
l 

the particular aodal being iapl811ented. In _this t!_ct.on_~ describe the 
· ·;-;.' _,v3 ,J.~A_:-,_' 

facilities available for creating r.v. ruactions.:,z'"' list, those 
~ r~,~ . 

funct~ns; ~at have been iapleaented for Ute ~!ktest ;-iodel. 

Ii.:~: .. f'dri~tions are generally triv~al. - wrjun~--a-boolean r. v. 

function requires oaly the utility function~. 11dikh is called with 
; 

t. 
no arguments 
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<RANDOn> 

and returns a number between O and 1. Let us say that the probability 

of a ues is P; and of a no, 1-P. 

boolean r.v. function is as follows: 

1. Call RANDON. 
-i.c; 

2. If the value returned is less than P, then return ·the 
value T. 

3. Otherwise, return FALSE. 

For tiae randoll variable functions, the algorithms can glit a bit 

more complicated but are still basicaliY slll)t". li\'' tlitt presently 

implemented aodel all time increments are assUMd to b•tharactertzed by 
:,-; C •, ; • ~ 

exponentially distributed random variables. Thµs" for _the. present aodel, 

the only necessary utility function is EIPD~; which accepts one· 

argument represent,i.Jtg .~b~ mean c,f an e~~jl.ti~l distr!,~uti,sm. aP-d 
~ \\ ' . . . ' : . . . , -- ' , ~ . " 

returns a random value of th,e random variable de5crJ!Jed, by the 

distribution. Analogous utility functions rot other pr-obabiUty 

distribution fimtticms· 11rcf being -wr1~. · 

The present t.r.v. functions do nothing 11C>ra ffia1t'·call EXPDIS 

with a given mean, but it is concetvabte 'that' 'ilore eoap1ei (unctions 

might be more accurate, and tlfer-efore desirable~ For example, ontt •ight 

want to introduce a fixed 1felay ptus an tncr•etat di1rracteriz,ed ~by an 

exponential or gaussian distribution. Such routines are not difficult 

to create. 
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The following eight boolean r.v. functions exist in the present 

configuration: 

XR? -- Is an x-ray necessary? 

LAB? -- Is a laboratory analysis cahed r-o'r? 
:<:f" '_: 

EXITl? -- Does the patient exit i ... diately after the first 
. doctor visit? c ,, ., ....• ,,. •,:.;• ·" "'• r. • 

NUREX? -- If the patient does leave illlediately, does he see 
a nurse first? 

AD"IT? -- Is the patient to be admitted to the hospital 

CN~;r? ~- .Doe". tpe pa,tit,.nt see, !1;, c~~•u~? ,·· .. 

~~!;~!E~;~rf~~i;;el!f 7a:::r ~:!':;e:-~~t~:,tr c~sultant~ 
.-· ' .·'•>a,-,: ,w,-'·--t.._.~ f:• .. -~,: ~":,;:. 

OBS? -- Does the patient undergo' 'a perioif of''ol>servation 
befor:e he. 1,aves th,e. sy,st9■:1, . . , : . 1 , . ••c'. , 

There are' also seventeen ti• }'an~~ v~fal,la~''ru~ftions: 

AD"ITT ::__ "tilH -~pent in adiain'ist~~ti~e 'ii~ed', ta~l· waitiit'g to 
be ••1.tted to the hos_pital 

': . ! - ;~ -i ' '1 .. 

:~"!~1 ~~.:1:: :::n:o!:1::-:~~~l~~~~~~~~tt~1~: 
of Ocb~v,u~ ;>i ' . ;J 

CNSDRT -- t1-e .. -Spent with a ~~~t. ?: 

CN_SLTT --: tille spent W&i~iRJl,Jorr~•~~~t ',<;, 

,.D~~ .. ~. :-:-; u.-. -~tint ~-se~ond d~~ .~~~ ::U, PfH\fUcl,:~~ is, 
scheduled · 

DRitllX 
· _~ ., ·· J'.:', t~_rz :·,,i-;~ 

time spent with doctor before i•ediate exlt 

DRNXLT time spent with doctor on first doctor visit if 
lab report but no x-ray is scheduled 

DRNXNLT -- time spent with doctor on first doctor visit if 
no lab report and no x-·ray are scheduled 

ORTZ -- time spent with doctor on second doctor visit if no 
consultation is scheduled 
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DRT3 - - tiae a,ent wUh docter •·-!lh:inf doclor · Visit 

DRXT time spent with doctor on first doctor visit if 
patient is sent to x-ray 

EXITJ -~ t• speai, in, eut. bloqacl. sta&e IMfore leaving 
emergency rooa 

EXITZ -- tiM spent' lihaxit,blocn4 ..... i;NfOf'e:,lNvint 
emergency ro011, if patient has undergeae period of 
observation" · ;h" .·1 i ·: ,~, ;. nc ; :'. i 

LABT -- ti• before laboratory uatysts·resalts'ar• returned 

NURST -- ti•·· apent wttli -nurse 

OBSRVT -- tilN spent.ruad..-"'OltSVftllM" 

XRAYT -- tiM spent at x-ray 

A.9 Graphics Functions 

In this section we discuss the graphical uputing of the display 
;. ;.; · ~ , · · .~ ·z t~ --'. :.: · f~ ~ 0: ~\ ~- ,:~ •/' • s • ·- ,, 

in Simulate ftode. llaintaining the buttons <•st of wlli~h are in ftodify 
. ".. 1 

ftode) also involves graphics, but we d~~~!•,,~t'-._-~a11dling in a 
'· ·'•- ... .I ... ..... '<•· •• 

separate section. 

Aside froa the button handling routines and the functions which 

actually create the pictures (which are not described in this document), 
·;{ ":~·~-i:i-r .l~-, ;_-1:1.: ... 1 .. ; ;i-•-

there is only one •in graphics ·runction, NIASS. Recall that a 
f.• ... c"1 ~1:1 ~;~; ~~~ 

simulation in TIGERS is a loop which repeatedly calls SCHDLR. In this 

loop eaell call 'ef SCHIidt is HllfflateiY'•fttffewed l)t1 a :call 0 tct' NPASB 
' ' ,, ,, 1 ' --~ . : "' : ,. -" 

(Figure A-1). NPASB is the routine wbicll loots at KDSTR and CNTSTR and 

updates the display to reflect any chups·aade dlariat 0 tll·execatten of 

the last eveau:. 
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The displq in Si•la"te Node iscoa,osed er lbree·types of 

pictures: 

A. The static fraaework. This includes the lines 
delineatiq the YM"ieua sec-ters, •e:.-.■ ri .... tfpag labels. 

B. The bads in·the main treataent area and their associated 
fields. Relevent infonaation.,is., ia, JiMTR1 -

C. The collections of stick figures which represen&igroups. 
or various types of persons. Relev~t inforaation is in 
CNT&TR. .Al·:of, tllis-.writinf, ltlese-,ceilUUenec:idciN8 

1. 
z. 
3. 
4. 
5. 
6. 

patients awaiting lab ual7sh n•~•l•• 
patients in x-ray area 
available eaertaDCY~- l'OOlll?doctor,a,_ 
available doctors on call 
available nurses 
patients in waiting rooa queue 

Clearly NPASS need be concerned only with types Band C. Th~ routine 
...... - ; ,\,< • • • : ·: ~-- :. <· ::, ..::. b ~ t..:.: ; : ; .i J :· . .: 1

.~ .a t f t , ; 
updates the two types of pictures in two distinct phases, type C 

,· 

' followed by type B. We discuss the two phases separately. 
;;; , ' ' 'i . •- ~ ·. _; t' , 

For aaximum execution speed, each of the six collections of type 
.-,,. 

C is updated bY its own updating routine • These routines comprise the 
. ;f,f, ,.-.., --:-,. ""i~~i {'~-~ '"!-;;-\ 

elements of the vector RFQS. Thus each eleaent o_r RfQS corresponds to 

one of the elaaent pairs of CNTSTR (Section·A.3)~ The type C pictures 

1. Check item i (i.e. the i'th pair) or CNTSTR. Was it 
eJtange~, d111ri1Jg, tta• •u~•U•n 9f, &u i.,t'.1tvttMJ--,,., u.~e ~, ii i\· 
flagged with• •1•?) 

2. If no, increment i, and go back to 1 to check the next 
, ite■ o(i,ClllJTfl~; : 's' ,, , ,, , ~ 

3. If yes, call (i.e. execute) ele11ent i of RfQS, tbt,Jn 
updating the displayed value of the associated value in 
CNTSTR. Then incraaent i, and go back to 1 to check the 
next ite■ of CNTSTR. 
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When i exceeds the number of items (currently six), the updating of the 

type C pictures is complete. 

The type B pictures are updated in a similar manner, except 
. -,; ~:-:. - f-2,,.· 

BEDSTR is the main data base inste~d of CNTSTR, and ~nly one routine is 
~ : ~-,. • • • ,, -': :••-. ~ •, .J,'?._,-.'~ ,(~ C <. :.-: ::, 

necessary, not six. All the beds can be updated by the same r-outtne. 

Essentially the algorithm consists or'ebecltf'~t'••cli bed, -Updating those 

that have been changed ·and Skippi~g t1tose thlit ·hallti 'ftot. The 

field are used to call the approriate picture. 
• . 1 ~ -, . j '. '; -. "' .-. 

A.10 Time Functions 

.,Ail· important part of the' TI&ERS •nvtrOllilent 'ts the provided 

simulated time flow. There are two tiae functions: 'STtilE, ~i.cli 

returns the present simulated tin in minutes, 1111d'diMIGESPE£D, wlllch is 

used to alter the rate of simulated tiae flow. 
-~ . .: . ' f '-- - , _,- -i < - ;, , 

There are four internal variables used by'tht~e ti.ae functions: 

T~CALE is the '}Umber o( t~irt!,th,.oL,r-te~J,,,sec;~,d_ in one 
simulated •tnotl. · · · · · . .,~~ · · · · · 

LASTIIIE is the absolute real tiae tfiat'tHA11Gt6'£ED was last 
called. 

LASTftIN is the simulated time that.CIIAliUSP.tbittas last 
called. 

TTEIIP is the absolute real ti■e that STI~E was last called. 

The •atisolute real ttae• ts the t111e ifliicfl'(is "supa,U.a bf 'the cOtQuter's 

clock. Thi•s tille is giveri as tfle nUllltier of ititrditfts ot a second since 

the operating syst•·was last-started~ 
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STIIIE takes one argU11ent, the current value of TSCALE. It 

returns a floating point number which is the si_.:lated time in minutes 

since the simulation was initialized. It does· tile foflowing steps: 
~ _ ! f; , , . 

0 
'. f £:, '. _ , _ . 

l. React the absolute real tiae froa the coaputer's clock. 
Call it T. 

2. Calculate the siaulated .tiat a, 
WTftlN .+ ((_T -: l.M.Tl,,f;) I ,iT,~_E);,., :r. 

- ' ·. - --. '' -• •· - ' 

STift£ is written in assNlbler languag~ rJt'ber·tha~ ffOobCE bacaose IIUDDLE· 

cannot acce.ss the clock and bee•~- t&i tu~iion; i~- r Jiiled set o'rten that 

execution speed is critical. 

It does tb• following: 

1., S.t LASTJlll to !h• curran_t ,1""'~8:t4l~ , ti'9 

Z. Set TSCALE to the fifiven on valJ•" 
- .I_,,' 

·'- , -, . , ..... _ ...,_,,. '.,.. , ·i·•· f ~ ;'"<•/":, ~' •· ', •. -

CHANGESPEED also sets the -vatue· of the varlatile ~. ;:'!'fl,1~~, ii r,iated 
• '·' ,j ~,..,.,. t ,, ,_, •. - ""' - ; .• 

NUDDLE has a facility through which IIUDOLE prograu can access 

hJnd:\.lllq1 .f'~nctio,~ lfflif~··\418 .~M,~, ~tcUUYi,L· U"L~, "~Gho:.tfff~8~~,,,t1Jth 

d.}§JP141Y~4 Sitm\•l•d ~1", -., ... ~ 'ffE(;m1:r:--~fh ,,.,,ft~'_, PC,;l,l'f8': i 

descrtptions below, tltat tltese JunctioH are executed e11er11 h_!! LJ_ seco11d. 
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The variable OFTEN, whose value is set by CHANGESPEED, defines 
-, ... '. 

,. \ - • I • - •• ' -,.; •~ , • • , 

how often the display will be refreshed. U .is .se.t, sqc;h that the 

displayed clock is refreshed approximately as often as it changes. Thus 

if a simulated minute were equal to five ~~al seconds, the clock would 

be updated about every five seconds. 

UPCLOCK (UPdate.CLOCK).does the following: 

l. Decide whether it is time to update the displayed clock. 
If not~ retllrn to .the &imu~,uon. 

2. Decide. 11Jhettaer. ~ .. hour. ne~ds ;tOj~•.f&P[4,~fJ- ~.-"et). as 
the minute. If so, update the hour and the ■inute on the 
displayed clock. 

3. Otherwise, update only the IWIQ.te. ·.AP- the d;l$Played 
clock. ·· · · 

4. Return to the simulation. 

1. Check: have .any buttons b.-n • .JIU. in th~ ~:St b-1.f 
second? 

2. If not, returri to the simulation. 

3. If so, change the displayed square assoc'iated ~1th the· 

:::::: ::.\:~1~•;.d 11:~: ~~~ .. i~r.r.lenh t.t. 
::::

0
:h!• b::~:. :!~::-~~ lh~t.m-ffl'~t~4iffltn~:!3tt~e 

!~ t~u::!
0
:tt ~~r.~:t~i~ty:z~i.~~{m1!11

:::
0 ~!:::~. 

is t•i:-~•f.,ci, ~•~t~e ,ihe ,~ql4fl'• "'"" .QIS~~-.Z• the. button. Return to'·tiie siiiul'at(on.~..; ~~- ..... 1
' .,, . 

A.12 .The Button Proto~ol 

Siiac:e b~\\.,_ baodling is crUlc•l µa:■--,taa . .,Tl~~S i~teractive, 

a button protocol bas been iap~,.._~,d •ictt,~1, ~~=r,Jat.\vel~.••sY to 

create buttons of various types. 

exist: 
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1. Unlabeled buttons 
2. Labeled but-tn 
3. Labeled buttons with value 

Every button -- regardless or type -- is a si119le IIUDDLE picture, and 
! :;,r ·: l-

every button has associated with u·a single routine. Wbenever the 
.• .-~> '"4 ,-..!.";. ,,, ""' t. . 

button is hit the associated bUtton servicing rCMttiae is executed. Two 
,.,.4 g f• ' ~ ( ;-:, . . . ~1 •• 'i ,~;; ~ ,, 

aain data bas.es are associated with the buttons: PICVECT is a vector of 

all the buttons, and S£RVECT ~s a vecto'r· Of"dl r* 1NCttiHll•ndltng · 

routines. Eac:11 el8118nt 'or ·Plt:V!CT ts 'u.wtaM wl* ~ifif •t~ of 
•;· ;, ~ . .,._>"tr~ .. :;::-« ,.,_ ~~! 

SERVECT. J! .. ·. 

Unlabeled buttons appear· slap~)' 'as ~nrs'!· 'No·~ "s~r'ing is 

associated with the button as part of the s ... picture, althousm 
·o() i • ", ! L•',' ;' •;' /1:1 i.> t . '. ;, j ': •·: 

external labels are generally added. Exaaples of tbis type are the 

squares aboft ·t11•· 'IIUllbers· unct for awHiiv ·..w i.& ~L\\a iff1Mi,,Y node. 

Labeled 1._tt61rs' Im a text ~ ... ~ • .-_.4'""1.'th t'IIW's11uare as 

part of the saae picture. 

buttons used lor chan,ging ao~s. 

Labelttd buttons With vaJ,ue ha.-. tut 'str~'1'"tfpresenting values 
: • ·, · · · ~ _., • · :' " ' i · • ·.,; • ; !", ~; ~ _ 7°: -': t 

of SOile va,:f,•~l• ••.~~~,~~~.~ ,~t~' ·~~ ~t,~. t; *~~f.•f~;~~rif.s ~tP• · are 

all the buttons tn ·tll• ·top 1ta:lY of ''tfif"'sc;jMil:'filiocfffj ftC)4N/; . . - . 
"-• · • t :1-.·~_Jt -~··:. Ji:-G /:',' ~·;-i ,J;rli 1 r:nJ:i:J(;. 3·1,,·r ~-:· 

The functlorf'.ttfal : fr'eat•s :.~.,~~if::~~ ~;t :., · ~f'.Nrr<;tio~ . 

BUTTONZ, buttons of type l; and the functioa IUTTON3, buttons of type 3. 

A naming protocol has been i.llpleaented wbicb aids ·fli•'Usc,c.ta.ttag text 

strings; va11u,s, ~-.ad; set"Yttf';Tfincttiaii '·wtd1 tW#;·'ftioafiiti8 8dttons. 

We will riot discuss the detihs of"tllts.'r1'4t&tioli'fn~titf dkamerit,:but· 

we will g1Yi an exaaplftsof 'a 1tall 'to -~'1'uttbr(;614eatl1i{l;;funttfan·~ ,. This . 

should coaunicate a general idea of how tile protocol is useful. The· ki · 
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call 

<BUTTON3 -375 200 BLAJIBDA ,QLAIIBDA ,QVLAftBDA 28> 

creates the button in Jtodify "ode which is associat-1 •11fiUi 't;be ar,rival 

rate LAJHHJA,. f•37:S,20CJ:) :ar-e thW lX"YlHa.J.,.._atu -,,:ltlle •.Nliter f)f the 

square; BLAMBDA is the name of the button; QLAIIBDA is the name of the 

identifying text string; QVLMBDA is the n•e of tbe ;,qxt i <$lFiae, . 

associated with the value of LMBDA; and 28 is the index of BLAIIBDA's 

position in PICVECT and RLAIIBDA's position in SERVECT. RLAIIBDA is of 

course the associate button servicing routine. 

As of this writing there' 81'9 ,twnlJ'!"!Dinl ·N•tons i1,1JlGER~~ It 

is the purpose of this section to describe their ftll&S••• l,Je.dis<:,ssing 

their associated.handling routines. We will not describe every routine 
.,, 

individually, since there are groups of similar routines. We will, 

however, discuss in detail at least one aeaber of each •equivalence 

class.• 

A.13.1 SlnULATE node RSTART, RSTOP 
RINITIALIZ£, UTATOH, ~, ' :. .. L, 

~ 1Ms dtWUnd iw ,S.t6t.-,&E .a.t,,,.COU,Ult!£ ,•fH :f.D!ffwing: 

1. Call START (Section A.6.2). 

Z. Call NPASS (Section A.9) •. 

3. Initialize the count or ~ted IMJIIU.. 

4. Enable the clock updating routine .. ,'.CJ.-.. i:cllUA ·tt to ba. 
executed at every half second clock interrupt.) 

5. Call SIIWLATE (~hich is an infinite loop). 
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RSTOP stops the simulation. It has three steps: 
•• 'I,,_ - :. •• " ;-- r,~·.:t.-\_,,'.~J ~-_.,;~· r· 

1. Set STOPBlT to T. This causes an exit froa the infinite 
loop int.-;SltlUw\T-i-. . .;; . "'. , i, · F - ·:.;: kil''l , ,, u : . ,, • ., 

z. Diaeble.:t._ c:loa:!111111attna r•U••· s '7J-41t."iltM$SJIOci_t;~, , , 
it fr011 the clock interrupt.) 

3. Set the variable STOPSTl"E to be equal to tlte current 
si•l&c.s1~~ - · .,.·;;,,, .,, . \ · . , : z ,, 

RCONTINUE continues tht si.ulation after its having been stopped 

by RSTOP. It does the following: 

1. Set LASTIIIE to tbe current .absolute rnl tille. 

z. Set LASfflIN to ·th• value ofi ...... e.111•!~~~~;,~itj __ -"'iT 

...., •• t11e:·•1oc:t!1•pcq•-1rea&inst, ~,,:. L, ,w ,'. r,:, c;,., ,_;, 

4.i' ! Gatl .llllld11 

RINITIALIZE resets the sillulation to tille zero. It does nothing 

aore than call REINIT (Section A.6.Z) and NPMS (Section A.9). 

RSTATON displays the c111111lative statistics. 

RSTATOFF erases the cumulative statistics froa the display. 

,-,.-Gl! Ji ~T;~r\:;·:x I•'· ebot1 3~/tjJMT.G 

A __ ._1_3_._z __ C_h_a_n_g._i __ n_..g,__llo_de ____ s_-_-_lUIOD~~l_f_Y __ ali~l) ....... M ..... _I_._· . ~<t!:_f>.}.:1~l ., 5,:-j}u, q Hl 1 ;: 

the following: 

4. Display the pictures of llodify llocle. · 
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RRTSft (Return To Simulate Hode) changes modes back to Simulate 

1. Set STOPBIT to FALSE. This will cause SIHULATE, when 
s-tarted, to loop until ST0P&l'J,,1.s~'N#t •o f '-by RSTOP. 

J,. Iran the dtspl.ay. 

4. Display the pictures of Simulate mode. 

A.13.3 Creating Text Stri~~s --
Rl, RZ, R3, ••• , RO, R. ,__~E~SE 

This section discusses the buttons which comprise the 
~ ' -l :_~, •-~.~- ~ ;•_ ---~ ~ ,. ' , 

•blackboard• in ftodify ftode. The following variables are relevan~.: 
: k,_ • f: ' , < • - I. 

CURSTR - Currenti text --str-1-.tg. Tflt,s f~1;h11;"$'trlitg- -ttiat'ls 
displayed: ebove '11e •al-fl'Ctbo«td*' bottOM. ., 11ft, user' builds 
this string u•ifltJ the ltlackboa-r-if ~: -~ · ; ' " 

CURVAlr - Fl'Oatil'19 point'value n,riMt'd'by' th• current 
text string ., ~ - ,, · · ,, •:-, 

The routines -ror Rl through RO and R. are similar. We de>std.b,r henr the 

algori th■ for R1: 

1. Append •1• to the current stri~g. 

2. Update the display to reflec.t the change. 
~,.:; '! .' ~ ~) ., ': ... ; ~,;. ~7-t ,,: , .. ';' --·• 

3. Set CURVAL to the floating point number represented by 
the ne~ current string. 

RERASE sets CURSTR to•• (the empty string), updates the display 

to reflect ~b• change, · and sets tt.lRVM. to· ,At.ft. 
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A.13.4 Buttons With Values 

This section is concerned with the buttons which are used for 

altering the paraaeters of the 'f.16ER& IICMleJ..· s:As of·.~••i-tinet tlMN 

are nine -- which buttons exist depends U#lft •u:tr ~ ,the 

axperillanter wishes to vary. The buttons curren.~•·---'_,'8d;"V8 as 

BDRS - used to choose nllllber of eaergency rooa doctors in 
the aodel systea. 

BNRS • used to choose number of nurses. 
' ,., ,; . ~1; Ul2 - ,.. •;t,).'"' 

BONCL - used to choose nllllber of doctors on call. 
, ; · - i { .. ,_ :: r -- -e>'!tJ ~ {-l : 

BTYPE - used to select the curreRt tJJHt of lloclify Node. 
Certain,: .»a,:#18W,-,~~r.y,w~~ ~ of,~ -th-.:..._t; 
exaapt.,1 •1J.11 J.A, Nriv¥,,1'.J~.- ofi-.-~Jd>tO.,dill~~--· 
The value displayed of any of t~:«if.lW::if8f!NIW~rn :,tL • < . ,_. 

parameters is the value associated witll the current type. 
Whenever, ~- aar4:-,at., -~~~:~~•illt~4.Mf~..yj1Jues ;, :<_:, 
of these paraaeters are changed appropriately. ~;, t 1 , r _t > , • 

0 

BXRT - used to choose mean tille spent by patient of current 
_,,t~;;;tt~-r~•- '•tl)··; ·,;,~.;.·' ·c,(~· --~----~• 

BLT - used to choose Man UM for return "' lab anal~~c, 
report for patient of current type. 

BSCL - used to choose ratio ~f s111u1l~~d ti• t~ real tisne. 

BBEDS - used to choo~~" .[~e•? o};t,~d~·i i~-r tiei~'t~ :-t~~-~~~n~
1 

rooa. 
. r ,,tl ., .; !~.:~7---~,: ' 

BLAl'lBDA - used to set arrival rate of patients of the 
current type to the syste■ in persons per hour. 

that the first thing they do is check to see if CURVAL has a value other .. 
than FALSE. If it does not, the phrase •CHOOSE NEW VALUE• is displayed 

to indicate to the user that he should use the blackboard to assign a 

value to CURVAL. In our descriptions below of the algorithms, we 
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assume that CURVAL has in fact been Hfiyned a value. 

RDRS, RNRS, RONCL, and RTYPE are sillilar. We choose ·a 

representativ& •~~1~:, ~n~. ~i~ci~~j,.:~,11.•~~r ~tqot~j~~,, f~r RDR~'! , 

1 • Set the flag in CNTSTR which iftdtcift-~ 1 that a ahange' ha'S 
been made in the number of emergency rooa doctors. 

2. In CNTSTR, set the number of doctors e•u•l to the value 
of CURVAL (rounded off to the lowest integer). 

3. Reset CURSTR to the empty string. 

4. Reset CURVAL to FALSE. 

5. Update the displayed values of CURSTR and the number of 
doctors to their new values. 

RXRT, RLT, and RLAJtBDA fora another equivalence class. The 

displayed values associated with these three functions all depend upon 

the current type (selected using BTYPE). Except for the fact that the 

current type affects the actual variable that is ckanged, these three 

routines are si■Uar to the four discussed above. RBEDS differs fro■ 

the four only in that instead of ■erely chaging a certain value, a 

whole new picture has to be coapiled based upon the new number of beds. 

RSCL differs only in that instead of changing a value directly, it calls 

CHANGE8PE£0 (Section A.10). 
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APPENDIX 8: 
SAMPLES OF MUD6£E selJRCE CODE 

The purpose 1tf thi's _appendix is simply to give the reader an 

idea of what MUDDLE looks ~ike. '~ollow~s, are listings of the two 
• :. '~ - -: s 

functions PRFD and ASSIGN. They ar-tr ~Un~cbarted in Figures A-6 and A-7. 

respectively. 

<DEFINE PRF D ( ) 
<PRINT "PRFD11 > 
<PROG () 

<PUT .CPATNT 3 O> 
<COND (~•=? Z;<l.; (t'· .CP'Affl)' 2) .BEDSTR» 

<RE TURN ;ct>}· 
(<O? <VAL .M~> . .,. 

<COND (<LE? t<VAL .:Wqt.)) 
<UPD 3 4) 1. . 

<ADT~'mtd ~~· >' 

'¥., ' 

~a.~).RT> 
,, , . .;,;Cf{1.E? <V~ ~-l~!f,<;L» 

<UPD 3 4)" · ·" 
<ADTOQ. DRQ · ;:ciATNJ> . 
<ADTOQ ~ ~,m··,_ ~ ·· 
<RETURlt 2), f" '. •·· : " . :· 

( E~fE . ,,, ·, · .·•. , ., _ .. 
: <!UPD 3' :8'> · 

< setn: · '.,;ONCL> 
<ser1TEV F~~

1
>)>) 

(ELSE 
'~<SUBl ;lfDR> 

<UPD 3 6> 
<SET TEV FRDR.>)>' 

<ASSIGN .CPATNT> 
<SET n·utE <- . TTIHE 1)) 
<PUT :OA#r ♦ -<+ :<&~.idPAM> <;,;,,.~:£m11£ 
<ADSCD .TTIHE <FORM .TEf>»:)>' 

<DEFINE ASSIGN (CPAT 11AUX· LAB) 
<PRINT •ASSIGN"> 
<PROG () 

<PUT .CPAT 1 <+ l <l .CPAT>>> 
<COND (<••? <l .CPAT> l> 

<CONJ> (<EXITl?> 

.RT>>> 
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