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FOREWORD

This'document. adapted from a Master's thesis in Electrical
rEngineering, is being jointly published b& ;wo research activities at
M.I.T., Project MAC and the "Innovative Resource Planning" Project.

Project MAC is an M.I.T. intefﬂepartmental 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 MAC is an acronym derived from several
titles: man and computers, machinefaided 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 work, 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 stﬁdents from the M.I.T. Schools of Engineering,
Architecture and Urban Planning, and Management. The administrative
home for the project is the M.I.T. Operations Research Center. The
research focuses on three areas: 1) evaluation criteria, 2) analytical
tools, and 3) impacts upon traditional methods, standards, roles, and
operating procedures. The work reported in this document is associated
primarily with category 2, 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.




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



ABSTRACT

The hospital emergency room is a complex system having many
interrelated factors contributing to its operation. The emergency room
administrator has limited control ever certain of -thdse factors:
numbers of beds, nurses, dectors, x-ray units; for example. Other -
factors such as patient arrival rates and demands made upon available
resources are largely uncontrollable. One of the main problems facing
the emergency room 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 which uses computer
graphics and interaction with the user to create a flexible modeling

‘environment for analysis of hospital emergency rooms. In projects

involving analysis of public systems, it is especially important that
close communication be maintained 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 member of a team which
performed an analysis of the Cambridge Hospital emergency room in
Cambridge, Massachusetts, and therefore was somewhat familiar with the
emergency room system and factors relevant to its analysis. Second, the
emergency room is a system which in many hospitals is rapidly
approaching a crisis: 1like the medical care system as a whole, the
emergency room is experiencing profound changes in the demands being
made of 1t. Patient arrival rates are increasing at an exponential
rate. For many, the emergency room has become the primary source of
medical care. Thus the very role of the emergency room is becoming
unclear. The rapid changes in volume and nature of demand being
experienced by the emergency room suggest that time invested in analysis
and 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 modeling environment which has been implemented on
the PDP-10 computer of the Programming Technology Division of Project
MAC at M.I.T. This first effort, although general 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 from Dr. Peter Mogielnicki 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 implementation of the simulation within TIGERS
involves the design of a model and the translation of the model into
data bases and events. The task is made somewhat easier in that TIGERS
provides all major data bases and several utility subroutines. The
graphics updating is automatic, and routines are provided which make



trivial the creation of light buttons for changing any relevant
parameters.

The hardware upon which the present system is inplemented is
currently too expensive for practical application in most situations,
but graphics techmolegy is developing rapidly and 4s fast .entering the
realm-of practicability for smaller installatisns.  Both: to the amalyst
and to the public administrator, the medium nepresents: 3 petentially
useful meaans of nktu sulatm mls ménwitbm and . mier to
understand. .
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CHAPTER I: INTRODUCTION TO THE MEDICAL CARE PROBLEM

1.0 The Crisis in the Medical Care Sector

The health care industry _ha;» become the so;qntj _lgrgegt industry
in the United States. In 1970, Americans §p‘e__:nt 67.2 b‘_ilﬁliqn “dollars.
6.9 per cent of the Gross National Product, q,}nl,,th?ei‘r‘ health. And the
industry is ‘t‘ast growing: between 1966 and 519_70“,;\ hg}};@f:gg&gendii?tur(es
1ncreased at an average annua], rate q!f 12. 3 percont. coupared to a
growth rate of 6.3 percent for the economy as a,.wholg ,,'l_"he Department
of Health, l;du;at.ion, and Ho].faro%l_’qs P"Q-l@“ﬂ q_:_f%ggrq of 105 billion
dollars tjgr fiscal .yogril_“9)7ﬂ4} l;l 1 and e{tpendgtu:es 1nthe ,_.}l;te‘alth '
enterprises in the _Unitgd States are pro;fggt:gd ?tq rnch between 156 and N
189 billion dollars by the end of the current decade. Thus,our society ‘

will be spending betnen 8 and 9. 8 percent of the 3§t;gf: !:?t%gnal Producth
for health. If present trends continue, the health _establis?ggngggéﬂ
well be the nation's largest industry, in terms of manpower ;nd .
expenditures, by 1980 [Z] | i

Unfortunntely, even our present vnst pxpenditure qf over 3350 o
por capita snnually doss not ensure a high level of medical care in the
United States. Rate of infant mortality is lower in twelve other
industrial countries. Men in seventeen «_9"!}‘!;59‘:’??5“5 Aive longer than
Americansrdo. and women live ‘longer:;ig‘ ten. ’fnp.ﬁe'rg. ;s» a g{roving‘
consensus in the !Jn‘ig.:édi__‘Stgtes}lyat the medical care sector, while
continually cosfiqg more, is not performing its functions well for all

those who could benefit by them; a nearly ubjquitous view that there is
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a health care "crisis." Between 1960 and 1971, costs of hospital care
climbed more than 50 percent, compared to a 31 percent increase in the
consumer price index. A day in a hosp_ital cost $35 in 1960 and $75 in
1971. [3] A typical company sponsoﬁéd health insurance plan, including
full hospitalization and surgical benefits for a family, cost $350 in
1971, more than double the amount of Jjust fivo years before.

Tﬁo symptoms 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 seen. Berki and Heston articulate the
nature of the problem: “"The multiplicity of proposals for the cure of
this 'crisis' in terms of delivery, organization, financing, and control -
is evidence that dissatisfaction with the. mfomnu ‘of. the medical
care sector has reached the status of a politicized social probié-. ‘As
in other complex diseases, while there is agreement that ‘something 1s
drastically wrong, thers is no consensus on either the ‘diagnosis or the

therapy.® [4]

The fact that we spend sﬁch vast amounts on health ’cia're. and the.
fact that health care expenditures are rising at a rate far out of
keeping with the rest of the economy, lead ome to believe that we are
not allocating our resources, i.e. our health dollars, as wisely as we
might. Dr. David D. Rutstein oxpréssed tﬁisboiie’f in his book,’ fhe
Coming Revolution in Nedicine: 'Thé’halllii?k of our present haphazard
system of medical care is lack of efficient syétdii’tié allocation of
resources to meet the public need. Implicit is a lack of planning which

really reflects the pitiful inadequacy of research on the 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 rkgegrch‘qﬁ medical care
were unnecessary.” [5] Essentially what we have done has been to leave
the allocation and distribution of resources almost exclusively to the
marketplace. Apparently the marketplace has failed us in this case, as
we find ourselves caught in a burgeoning spira1 of ever increasing .
expense that buys little significant improvement to the syséem.

Our lack of planning is catching up torus. Even though our
medical care system has perhaps neverkbpen 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 that is now all too
manifest. The problem was first recognized as'parly as 1933. In that
year the classic Lee-~Jones study._undertakeq‘undgr the agspicqs of the
Committee on the Cost of Medical Care (C;HC)kpo;qtgd out that "The
problem [the provision of good medical care] will not solve itself
through the operation of undirected qcouonic,forcas.'_[ﬁ] ?éople,
however, were not yet ready to listen.

Thirty-fivevyears after the publication of ghe Lee-Jones study,
the report of the National Advisory Comﬁission.on Health Manpower was
issued. This commission was established because the problem-turned-
crisis couldlno longer be overlooked. Co;ts‘werg ri;iné out of all
reasonable proportion compared to the rest of the economy; there was
insufficient manpower to meet the requirements of the system structured
as it was. The commisson reported essentially the‘sang problems as
reported thirty-five years earlier. The report very clearly proclaimed

a health crisis, pointing out:
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The crisis, however, is not simply one of numbers. It is
true that substantially ipcreased _numbers of heglth manpower
will be needed over time. But if additional. personnel are
employed in the present. manner.and-within the present
patterns and systems of care, they will not avert, or even
perhaps alleviate, the crisis. Unless. e m;'on the system
through which health care is provided, care will continue to
become less satisfactory, even though there are massive
increases in cost and in numbers of health pérsonnei {71

We are faced not with a shortage, but with a probln of misallocation.

1.1 Alleviating the Problem

It is not surprising that the concept' of efficiency is the
mainstay of medical reformers. MNore efficient Bbdf:ltion would
presumably provide more services for more people, limit the cost to
third parties, and similarly limit the skyrocketing costs to patients.
insurance companies, and the government. .'nu government, which pays two
fifths of the nation's medical bills, should Be’y;spécidklly'\interds‘tod in
improving efficienés'. since it would retard inflation as well as chts.
Doctofs too would benefit from nofe éi‘ficient BB’oratio'n'. "i!y increasing~
his productivity, he can see more patients, respond to growing patient
criticism of the availability of dot:t'brs. 15&&50 his eirnings; and
help more people." [8]

Optimizing such an incredibly complex systen as our whole
medical care system is a problem of huge magnitude. Indeed, optimizing
it is probably impossible, but even making significant improvement is an
awesome task. Where do we begin? The proble- really exists at several

levels, and -the task needs to be addressed it ‘"'uch ohéj E
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At the outermost or most "macro” level, we are faced with broad
political and social questions. Who should.pay for'ncdicgl care? How
should the overall system be structured? Can everyone have a family
doctor, and if not, where does he go for his prinary medical care? What:
about medical centers? How should they be organized? By neighborhood? By
region? Should doctors be paid on a fee basis, or #re there other
structures of payment which might reduce unnecessary surgery and be more
conducive to other "more efficient” treatment?

In the middle levels are questions which, although not as
political or social, still concern broad issues that will affect the
very nature of the medical care system. For example: :should all
hospitals be general, equipped and staffed to -handle a wide range of
needs; or should a network of specialized or semi-specialized centers be
set up? How do we evaluate the utility of variou$ possibilities?

Finally, at the most "micro® levels, we facg such qngstions as
how to run the facilities thensglvgs. How%aﬁ wc~§gaff:§he intensive
care unit? How many doctors do we need? 'wheré ciqvplrangdical~personnel
be used, and where 1is a'doétor ossoﬂ£ial? %whcre‘eié~weguse sachines?
How many beds deo we ueed'sdch ;hat~thai§r95¢bility&ofvtll boin§ full 1is
below a given level?: ﬁ | |

Thus we see that the decisions involved in planning a more
efficient health care delivery systen span a ﬁidg,range of positions in
the decision making hierarcﬁy -- from the highest i§§91§ pf government
to administrators of individual nedicgl eentefs.h If'is these ﬁeopla who

are called upon to make the decisions which will hopefully bring'our
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medical care system tb an improved level of operhtional efficiency. AS

we stated earlier, their task is not easy.

1.2 Operations Ressarch

A body of knanlodge and analytical methods known as 'opera_tiolis
research" is evolving, which is directly applicgblo=téjgertainmasneCts
of the medical care probl._qn. At each level of the hierarchy, a basic
concern of decision makers is the allocation of resources so as either
to maximize the accomplishment of the stated objectives with given
resources or to minimize the resource costs.of achieving. the given
objectives. Operations Research (herepftar,mtmggbhmvigted 0.R.)
is congerned with realizing such allocatiom procedures. . Dr. Rutstein
discusses a bit of the history of O.R., and .points oqt-).ww O.R. is
beginning to be applied in the health care sector:

Historically, eoperations research was first used in the
deployment of troops and materiel in Vorld War II. The
succeass of operations research in-military legistics:led to
the extension of its use to industrial production problems
in war industry; then to imdustrial preblems :ia:general, to.
business management, and to economic planning. Now it is
being applied to. public health and medigal care.. In a
policy statement on operations research prepared for the
World:Health Organization with.Professors:¥arcel-Baul:.
Schutzenberger and Murray Eden, we pointed out that O.R. is
useful in the kinds of major decisions that frequeatly face-
the medical administrator. They are as follows:

1. How does one assess the relative needS .for. and the
values of, alterpative values that must draw-upon.limited
resources in funds, material, and trained manpower?

2. How shall available resources be best allocated and
applied once a decision on priorities has been made? [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 care
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 systenm.

There are really two aspects of the problem faced by the O.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 1s 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 much as might be e:tpected. The answer to the
question of why not is complex. Hrst there is a proﬁléu t;f hesit'ancy»i
to leave a system that works, even poorly, for a 'Sys‘teu;whi»ch is
dntried. or at least unknown to the adninis;rator. Pe&ple are uncom
fortable in unfamiliar térritory. rThere is ’socufibtyv.in "the vﬁ& ‘we've
been doing it," and we are not inclined to set off down dark _paths that
we do.not know and thereforé cannot really trﬁst. g it i-s‘ a known aspect
of human na'turevthat ahinistrators are oft’eh:‘i"éluct;ﬁt' to 1l_pi:elet:lt,‘ or
even investigate, kany' changes to an eiii_tiim system until action is
forced' by'a conblete failure of the system. Mothor co-on bbS‘taclo to
acceptance of more rigorous aniiyticdl' inethi;ds is -is;gﬁfegént;tion: It |
is not uncommon for the decisioh maker t'i;'bo exposed to‘ ahalytical J
techniques, bﬁ't led ‘to‘i beiiove. eiythei:' by o'\;e;'zulbus'u’ulysts or sinpl'y
by wishﬁxi th"mking. that fhése ﬁ;ﬁ-iﬁthods ﬁrneN b’:ii:.gﬁ pfesént;ed és' 'a
panacea. Then ho either i-ediafely sges oflhtc? disébvors that they
are not, and he loses faith in them iltogothoi-. 'This} ca;aunidatiohs gap
between the analyst and the administrator is destructive -- the
administrator presentedeith a "solyution."ylonly to ge;‘i'lisillusioned. is
naturally going to lose any faith he might have had 1a'§;.'i‘1:hlhalytical
techniques. Operations research does notlybf’for&a: ;rilliistnani:%;olu‘»tion, but
it does offer a powerful set of quantitative tools |

Another reason that 0.R. is not iuing e-p;loyed‘ to best advantade
in the medical care sector is that hospital administrators are often
physicians, who, not surprisingly, rarely have strbng bhckérbunds in

management. There is, of course, no reason why 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‘lnalyst. The goal of
the research was to use the nediap of computer graphics to develop an
analytical tool which might be-used b& a hospital administrator, and
which would improve communication and encourage co-operation between the
administrator and the analyst.

One of the reasons for the conlunicitions gap is that
quantitative analytic techniques are often higﬁiy technical, and
although the administrator understands the statement of the problem he
is often forced to view the technique<itself'ét*iVbitek btx which is
open only to the analyst. Thera.is a need for toolt_which lend
quantitative insight into complex probleasvwhile'avoiddng the necessity
of reams of computer printout or formidable leékiagﬂsetsltf equations.
Computer graphics, which is only now beginning to be w;dely used, offers
a possible answer to this need. ' | |

Th;s research is intended as a first step in the development of

such tools.
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CHAPTER II: THE HOSPITAL EMERGENCY ROOM

2.0 Introduction

The hospital 1s a large, complex system comprising numerous
smaller subsystems. It was decided that in light of the goals of this
research project, more would be accomplished by concentrating t_he
research effort, at least at first, on 'a~represent_ativo subsystem of the
hospital.

It is worthwhile, therefore, to examine one of these subsystems
in greater depth: a facility found in divérse forms and sizes but
common to most hospitals is the emergency room (hereafter sometimes
abbreviated "E.R."). In a sense a microcosm of the i‘odzical care system
as a whole, the emergency room is experienciﬁg-pro‘fouhd changes in the
demands being made of it. The number of patients crowding into
emergency rooms has tripled in the past fourteen years, from 18 million
in 1958 to 44.1 million in 1968 to an estimated 60 million in 1972. [1]-
The very role of the emergency room is baéoiing unclear. A study of
patients attending one emergency ward found that: ‘it appeared to be the
primary source of medical care for at least one fourth of its
patients. [2]

Dr. Reinald Leidelmeyer, a co-founder of 'the American College of -
Emergency Physicians, cites two reasons’ for the avalanche of emergency

room patients.
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*In the first place, the American people 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 realiy needs onef.

| *"Secondly the family physician -‘-'uho had been the focal point
of initial medical care through the ages -- became mere and more
scarce."

Thus, points out Dr. Leidelmeyer, the patient chooses to wait a
few hours in the emergency ward rather than a few weeks for an
appointment with his doctor. [3]

The rapid changes in volume and nature- of demand being
experienced by the emergency.room; suggest that tiwme: 1mles,t‘91_l in analysis
and planning of the system would be well spent. : The emergency room is a
complex system, and managing it effectively is not iiuph: the system
has many variables (e.g. number of doctors, nusber of bed;.~nu-her,,of
nurses, patilnt arrival rate, etc.); numerous complex. trade-offs (e.g.
an efficient E.R. must strike a balance batween ammbers. of beds,
doctors, and nurses); and is highly stochastic ip nature (it can be-
empty at one moment and overloaded five minutes later). Yet with all
this conplox:lty,.-.on emergency rooms ars planped, organized, and
staffed without the aid of available analytic techpimmes. Development
of quantitative tools might aid the liospitll manager in several:ways;
for example:

1. improvement of staffing patterns
2. evaluating proposed changes in facilites or personnel
3. dosignipg‘ new facilities |

4. estimating future demands on the system, and the
system's ability to handle them.
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‘More specifically such quantitative tools ntght be ueed .; aids
1. reducing patient waiting time
2. 1nprov1ng doctor utilization ‘ -
3. reducing unneeded ti-e that the petient spends in the
treatmdnt faciltty: o o

2.1 An Interactive Graphical stuuletion

‘l‘he priury reseerch of this report 1nvolves the design and
1mplenentation of an interactive progran for si.uhtion of a hospital

energency room. The elergency room presents an excellent focus for our

study, because 1t is rel.ativoly snall yet qaite cowplex. and it can
e CatiagEod ephgodas

probably benefit significantly fron the uso of mely}ical techniques.
Recall from Section 1.4 that the purpose ef this res;erch effort 1s to |
use the medium of computer graphics to develov an enalytical tool which :
might be used by a hospital administrator, and’ Wwiiel: could improve
communication and mcounge co-operation bétweel: thy sdstaistrator and
the analyst. - Wofk as beeti undertaken’ towards this end by the author at
the Programming Technology Division of M.E.7*s Project: MAC.. A program .
has been written esploying the PDP-10 coliputer, 'the Evans ‘and Sutherland
display processor, and-associated Supporting sofiwere developed by the -
Programming Technology Division. The programs is the -Tool for
Interactive Graphicadl Emergerty Room S{iulatton,” witfch, ‘for simp¥icity -

and ease of discuséion, ~W'~cﬁt’— TIGERS. °
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2.2 Canbridg_o Hospital

| It was decidcd that TIGERS, at least nt first would be bascd on
a specific emergency room. Although generality is uaquestionably
desirable, the idea of graphical sinulation 1s best invostigated first
by applying it to a rolatively spcciflc cnse Onco 1n1tia1
investigations are co-plete. work can begin on ukiu tho .Fegﬂ- -more
general.

The TIGERS systu is based on the e-orgeney rool at the
Caabridge Hospital in eridge. lhssachusotts ’ It 1s an mrgency rooms
in the lcdiu- size range. with about one hun&rcd patients per day
arriving for trnmnt In the next sectlons ': slull atte-pt to
describe the Caﬂ:rldge Hospital Elereency Rm lad givo the ruder a
feeling for tho flcilitios. tho staffing patnrns. und tho typcs of

patients who arrive thero for trnt-ont

2.2.1 Rele in the Commuaity

The purpose. of the Cambridge Hospital Emergency Room. (hereafter
sometimes abbreviated CHER) is. to. provide prompt,: high suality medical
care on a twenty-four hour basis to .all who arrive there. Although the
term "emergency room” usually implies a place: which hamdles only very .
serious medigal problems, the emergency :room Ak Cashridge. Hospital could
be classified as a type of ambulatory clinic. The qreat majority of
peeple seseking nru«nt the .emsrgency raom. 4o not nasd impediate
medical attention. In fact, only about five pegcent of the -arriving -
patients at CHER are what one would normally call "emergencies,” and
only about one percent are pre-emptive emergencies requiring the entire

E.R. staff. (This situation is not unique to Cambridge Hospital.)
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Especially for the poorer sections of Cambridge, the CHER takes
the place of the old style family physician. This is not unusual for
hospitals in middle or lower class areas. In the clinic at the

Canbridge Hospital, and at other clinics in the nrea as well it is
often weeks before one can qet an appointnnt. It is not surprising

£y ] ,4»;,?-\}—,»?{ f ',Q_,’lx ’: -

that the fnstor pncod mrqoncy roon is often used instead

-'\ r EaS o ’é‘ i

Wl nd

Figures 2-1, 2-2 nnd 2 3 presont a picture of the type ot

B TR b %:f

.

patient entering the CHER. Figure 2 l the diagnosis of energency roo-

A
‘J L

patients. shows that -ost patinnts havc minor couphints sucn as

superficial sprains, while the true mrgmisg ,atsk asmcnrdiac armt

or major fracture, make up only a few *rcont of mmbwsw xFisﬂ!‘“BS

h”a‘f:'

sev*2 snd-2-3 shew that few patients. (loqs than ten per cent) m b;ouﬂht
to the CHER by ambulance (and many of tileat mm ﬂlﬂ@rh!» Plti.cnts

transported from nursing homes), while pu uasﬁb o gome Lo t!lo

hospital by themselves. Finally. less than ton:'nork ;:;l&g%{}ho nationts
arriving at CHER have problens serious ienouqh to rnsg;; 4n. gth&ir Mim
admitted to the hospital, and many of tllese %’9’5 gent nra not true

emergenciles.

2.2.2 Physical Plant

A diagram of the CHER is given in Figurn 2-4. A typical patient
walks into the emergency room entrance (i) and immediately registers
with the receptionist. -He fills ous tha.sagistration form, which
becomes his record of emergency room treatment. Then he sits in the
waiting room (3) until called by a nurse, who brings the patient to one
of the five beds in the general treatment room (6). .(He may be assigned

to a chair if the complaint is minor.) In the general treatment room the
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patient is seen by a doctor (when ono bocons availablo). who detemines

Frid

the required course of diagnostics and trumnt Very often the :
patient rewim rather !,;"!W.‘!f'!‘?.'!.‘?‘?ﬁ"' trmmt _such as
laboratory tests, x-rays, trentnent by a nurse. \otc._ Hhen the patient
has been troated, ho is roloasod and ho oitlur is uhitted to the
hospitgl{prgqo’r qor:iggitﬁs thrqugh tho emergency roog gntrance (nhich is
also the exit) (l) | ' .
A pati.nt who s brouqht to C!gER lu an ﬂulance or other

emergency vehicle (;us_\ually on a strotchcr) qntgrs thc @orgenpy roo-_
> COREETTE TR asy R Mgt AP BLaTT :

through the ambulance entrance (13). Lnitgqg mr he can _enter CHER o |

GBED ORY o TEEE T E ]

without passing through the waiting room or filligs out a fora. The s

28 OB MmN

E.R. staff is generglly informed of ghom Mdigg arr;,val gf such a

patient about five minutes before the miicigﬁggtgg}}g‘gggg}g.},ﬂ the dqor,

which givos t,hu ti?o to prepare. for dnling "hwa wr?u- mrggncy.

g

AO6G 1%

This is n@dc possib;o by t,hrsc direct “l?,,,

i OB

police, firo dowtmt md ;dwlam:c sprviccs

I-odiately agjacent to the pnin truunt room is the shock room

Cof

(8). which is nsod for very urious cases such as ¢ cardiu: arrosts. ) I_‘t__‘

T IR RG

is tho shock rm that plays thc rplc ;hat most noph nomlly

o tatend T Re S

associate with that of the mrmc? ree- In this ro?- are all
~i§ Ragy EEREG I B £E L T

-necessary supplios for treating a c_ardiac arrest or other very serious

g 3?%“5; {(;4 Ese

emergency;. ovor;r orfortﬁis ndo to kup this room clur for such

fyoy

occurrenccs.k Tlu ogly othor use of this room is for obstotric-

P x ¥ »r,<A"-u:
o b IR AETONS T = P 3

gynocological (08—57!!) cues, tho bed for golvic oxaniaations is in a

;ﬁv'ﬁut Ll L i‘ i

corner of the rocs, evay from the other seuipment.
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Any patient under fourteen years old is co;:sideréd?;a pediatric
case and is tiken to the hediatfics roo-(7) 1nstoadof ‘the main medical
treatment roo- The pedintrics room cmtcin: .. thrn beds and a desk and i
is used exclusively for persons under fourtesn. | |

 Other rooms in the é-erlgehcy roo- ;ii';'aa‘s'la‘ll'étaff lloun“ge' (m);
a small lnk;drntofy (11) where doctors can mnrfonssi-ple ‘tests such as
urinalysis, a medical supplies closet (12), and the oréh;éﬁedifé'roé-j
(15). This last room is actuaIIy thc hospiiai's orthopedic clinic and
is not a part of t!u o-orgmy room propor... \am\ not being used as ‘a |
clinic, however, it 1s used for E.R. psyckiatrdc patiwnts, Both as a
wnitindirooik;ﬁ.d as mintorviewlngrou Also. 1t s :tficiif‘:fbfiiafiéht

BRI

interviews with such ‘people as: ‘social workers uﬂ Shﬂ iihbers ‘oF the
alcoholic detoxification’ program. e tRe v
“The general medical room (6) contains five beds (each made

private by surrounding curtcins). a n@or of c!uirs for patien!s who o
don't need a bed, a sink, various lodicllsupplios.anf!a Sinéie'doik:
for the doctors’ usi.ﬁ The records of the mtionts boing ‘treated are
kopf' at this desk. The pcpor uork (1.0 writing up utient records) 13
done mostly at ‘this dosk. thouforo a tolopbm aad tho laboratory and
x-ray rmisitioa foru are also located here. o

N Filling in the diagnosis and treatment on a pationt‘senérgency
room treatment record can also be done at the main desk (4) ‘Medical
reference books are thero. as well as a rcguhr tcltphone (1n addition
to the three special lines). ‘“l‘ho‘::l_ain;d;s'k is ‘d;;d'ki'a'i'ﬁe*ijv for
research, telephoning, and consulting with the staff doctor as’:signed to

assist in the emergency rooms.
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2.2.3 Staffing

* The CHER'staff:consists-of a receptiofitst; two or three nurses, °
one or two interns, a staff docter; and, at various times; medical
students, nurses' aides, orderlies, and paramedit¢al students.  The
staffing pattern is shown in Figure 3-2, along with the average number
of arrivals: telcﬁﬁl; "By ‘hour of thé day. ‘

The staffing pattern is designed: todéal with: the'time-dependent

arrival rate of patieits to thé energéiicy roem. The nigli:dum\d hours
are 9 a.m. to 11 p.m:; from 10 a.m. to 7 pim.;-dering-whith tlmthe
avérage patient arrival rate is aboot five per M} there: aré: always at’
least' two interns and a staff doctor. " Aise ﬁﬂdﬁihi“dey there are
three nurses on duty. Theoretically thé 1aterns priovide:the primary

medical care, while the role of the. steff doctor 1s thet of e consulti‘ng'_

e io
physician. (Hhen the roon beqins to beco-e ev?mrwged hmver, the
H I a6 1o (350 &37 Lisbad
staff doctor elso provides prinry care. ) In practice, however. some of
i ‘ ‘\«mg“;.__f % i .,v*e; ad sar p; E} 9{.5«; FEE T i S rERES Y LAME

the staff doctors. while still acting es consultents when needed engege“

B¢ DR ’ T R

in prinary petient treatlent all the tine In such ceses there ere
S . 1T

effectively three full tine doctors 1n the e-ercency roon

During the evening the arrivel rete begins to taper off until

[ SURF F SF R

at night the rete is greetly reduced on the order of one petient per

=R lsry

hour. At night only one intern and one nurse ere on duty Generelly

e 1

fron 7 p.m. to 1 a.- ) & "uoonlighter' 1s also e-ployed he 1s a steff
- doctor or a resident whose role is aneloqous to thet of the staff doctor

dur:lng the dey. Fro- l a.m. to 7 a.m., hmver, the only doctor on duty

1s the one intern on the "night shift.
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It is the CHER nurse who first sees the entering patient., She.
assigns .the patient a bed and measures his vital-signs; and. then :'as#ists
the docters ia working with the patients, watching them, .obtaining
specimens; filling out lab and x-ray reguisitions, .and ,-yenigus other
duties.

Since the Cambridge Hospital is. a teaching. hospital, it has an :
.arrangement with the ‘local medical.  scheols-whersby. medicel. students are
assigned to. Cﬂuaerusistaeun CHER is:able te request the number of .
such students th.ez_.;e:e to be assigned at a given time, g,,l._eg:ently. this
has been: limited.to one or two studeats. The.calibre;of.these students..
varies greatly; some fuaction almost as another.inters, while.others.

tend to get ia the way and hiader service. .

2.3 Need for Research

To fulfiu its ’“1 of '"'°"1d1“9 flit. efficient twenty-four

Wi

hour ledicel cere. tne CH£R has to soive a Mer efm problens ) The
first is how to deel with the increesed delend Currently the CHER sees:
about 100 patients per dey The increesinc Md on CHER in the pest v’
sixteen yeers is shmm in Fiwre 2- s. ‘l'he nud:er ef petients hes risen
fro- 19 000 per yeer in 1956 to 30 ooo per yeer in 1970 while the

populetion of Cewridqe hes reneined feirly constent Such a repid rete»
..;,, £ ‘ £ v 2 e
of growth necassitates either a physicel expension of the present syste-

P

or a reorganizetion in such a way thet the present qnelity of service )

will not be dilinished
Constraints on the hospitel's nethods of -eeting this growth ere

both physical and monetary. Thus si-ply increesino the size of the

E.R. staff may not effect.ively increase its capacity. It is probable
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Figure 2-5 Changes in Patient Arrival Rate, 19561971
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that through analytic techniques, we can quantify the relationship
between the number of doctors, the number of beds, and the types of
facilities and procedures to be used. Questions to be answered include

1. Taking into consideration the differeat types of
personnel, the number of each type, and the various shifts,
what is the optimal staffing pattern?

2. How close to operating capacity is the emergency room at
present? How soon will expansion be needed, wd what
resource(s) 'qn need to be increased?

R 3. Is there a better method of alloca_tioa of the existing
resources of the E.R.7

4. How does the emergency room's preséiit role-as.an
ambulatory clinic coincide with its role as an ewergency
room? AT VR e ;

5. How long must non-emergent cases nfé ‘Por trestme ntr
Should a triage officer be used to weed out m~mr¢cnt
pationts?

. 6. \mat s.ilﬂlo changes cpg}d streamline the work of the
oxistmg éoctors and nurses’of the E.R. staff?

.
f»‘v

, 7. wi}l variqus 3rqued staffing and physical changes
- affeqt the efficidhcy of ‘the system?

2.4 Scope of Present Research

Tho dcsisn. halu-ntation, and use of ‘I'IGERS, which conprise

' nost of the work roportod in this doculont. Picfu;iiywi;t;;i;di”hsoarch
on several fronts: o |
First the system itself had toAbo created; the theoretical 1de§
of such a tool had to be translated into.a uorkmg wm that |

L

could implement dymnic m,d.ltvf“t'l. systcu 'I'hc progra- that

_svolved is broad in scope, but specific in that.:itp 1& pc;gually based oa )

‘ Curbridgo Hosplul F.urgancy roous are vcry difforont fron one

-

- anothor. dmnds. capacity. staffing. orgaﬂutlon. and facﬁtties -
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all can vary with surprisingly great latitude. The techniques
incorporated by the progra-, however, are genenal lnd TIGERS dnes
illustrate the potential of a more gcneral systol | |
SQcondly. in order to use the usar-prientcd systen that was
e S ALY D dd
designed a test lodel had to bc designed and thoaii-plc-ented as a

simulation.

Finally. a third aspect of the research concerned human

s ,.ve-.u ;5

engineering. It was desired that TIGERS be usable by nersons not |
necessarily trained in operations research and/or computer science. In
fact it was desired that TIGERS be a self contniuod plckagg usable by
all intelligent (but not especially technical) users, especially medical
personnel and hospital administrators. Usually such models are designed
for use only by highly trained technical specialists. It is felt that
there is significant value in having such a tool be available to the
non-technical user who knows the problems faced lucn nore intimately
than does the outside consultant. In order to insure that TIGERS was
made as useful as possible to those fon whom it mattered most, the
hospital pensonnel.vperiodic conlunicltidn was maintained with people at
Cambridge Hospital, especially Dr. Peter Nogielnicki. Through this
communication, valuable feedback was obtninod.towards making the system
as useful and usable as possible.

This report discusses each of these thres'aspectS‘of research.
In Chapter III, the idea of modeling is introduced; and the trade-offs
and pitfalls that must be considered in designing a model of the E.R.
are discussed. The May 1972 study by Markel ef al. is introduced and

discussed in depth. Chapter IV discusses TIGERS, both as an interactive
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tool and as a llodeling environment. Chapter V discusses the test uodal

that was actually ilplmnted under the TIGERS syston Finally. Chapter

VI summarizes what TIGERS is and what 1t 13 not. lnd ;ttupts to put tho'

N - .t'fii"

progra- in a rulistic porspoctivo. Also Clupter Vl sncnlatcs about

B owst oz med Tibom o ce

£150 el N TERE =2 A

the future and points out areas wnere future ruurcn night be fruitful. "

£

A complete suhroutim by subroutinc doscriytlon of the TIGERS systa and |

e TG R hyiat s 8
a sample of source co« frol t.lu progrnl u‘e iuclmhd as appcndicos.
e : PO »»:5?51 L ‘;"Zsfﬁ‘u e BT
\
§ LR 5
X £ ;5‘%‘6
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CHAPTER III: NODELING THE ENERGENCY ROQOM

3.0 Modeling -- Introduction

in order to apply quantitative nethods to a real physical
systen. one nust creete an abstraction, a nodel that describes the
RETFN £ LI 3 LR
systen in terls of aspects of the systel relevant to the study Using
FittYe s S0 Y

the nodel the analyst can perforn exporilents nllich nould f)e difficult '

x

andlor expensive to carry out on the real systen A well dosigned -odel i

ks “ : i -

: s BT ‘“” 'A HIE a
can predict how the systea will react to changes in its environuent. A
A S ETEUl antIans 2L o9mid Buivass fentdw RISl
nodel can be thought of ns "black box' uhich accepts descriptions of
Eo R LI CURBgY wmrdang pelo sl

the conditions of interest and outputs infomtien describing how the h

:‘3;\. &oa BRIl

systen would behave given this set of conditions. Often setting up

»a‘ h ? 5 ? . .
& Qastn

these conditions in the real norld is ilpracticable, but the nodel.
EARES ] LI BT CHEA LT EEE 13) B S R - Lt £ I s :
when it serves its purpose. provides an abstract representation of tl\e
ER Coenn FRNEY g opy bevtisg @vs voRradons
real world wnich the analyst can -anipulate more usily than he can
g;;» B e R W

reality.v

Generally, the analyst defines a set of hypothetical conditions
few Broagra 38doze peulsv Iulsse luuz ooras

by assigning values to a set of relevent input pera.eters. and the lodel

Tt b

B RS HEEE o f ETe .
describes tne syste-'s response by assigning values to relevant output
GRS s EE Lav ot sg BORTIPVE | 2Tru o B& hy D v

variables. For exaple, we light wisn to knou heu -uch lonqer an

\ - .
vzgx o o 1o YL g by it i s

energency roon patient would be expected to nait in a waiting room if
SR ¥ 5 S IR T

the deuand for service were to double. A lodel of the systen night

g BT rdaple oanlis =
accept as input the denand for service expressed in requests per hour,

and generate as output the expected waiting tile in -inutes The nodel

N (3 ~:~>§3 ,;‘9';4:,:..
ST gl T iEn -

does not of courso. duplicate all aspects of the systen. it

s %ol g Faes e

&, o
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incorporates only specific aspects in which the analyst is interested.
The model just mentioned, for example, would probably shed little
insight on the question of how demand would .chingo if the service |
facility were -ovod to mother location. R o

Ofton an apparontly co-plox systol can bo -odoled well using a
ﬂ'
-odel with a mll dofined aaalytic soluum. A nmr of classical

‘ ,(:'u;m’;‘»u, L.o:! B Ly

A llodcls hIVO ovolvcd wluch are applicablo to wltolo cluses of real world

L e

situtions. An cxccllont mlo is tho s0 ullod '!llllll single sorvcr‘

quouing -odol . This nodel assunu a sarvlco sysm uwolviuo a sinolc

kv marave il
server whose sorvico tim is chauctoriud by an cx’onential probabiuty
- . a,_ w p oy yored :,;;::”, 5.3 % Ex iﬂ J % “ gty 4‘1 P : ';f;(:“;,-:

distrlbution fmction (’df) [l] ‘l‘ho interarrival time of custo-ars

Prem hysg SESTTLE

arriving rcqucstm sorvtcc is llso usuud to In duracteri;cdd by an

s

oxpononthl pdf lf t.h- scrvcr is fru, m custo-or rcccives Mlau' '

i BEBE L L i Cosalttd ERsty 26F BF o #iojul FrBL,D gaapt
service. Hhen the somr 18 busy. mtvm cutc-trs enter a qum. .and
o ‘3;; 71 i TR .ﬂ'( w~~g{,_g~.‘ ‘:“! _fr» i ;":7). ®

custonrs are scmd in a Hrst cono first scmd manner as the server

R
T fRE R A PN . noooany JSeviens oid ” b T

becomes lvuhhlo .

' Tlu solution of sach n -oﬂel yvields a set of oqu.uons uhicl!

exgra\ss* ff"?" usoful ulms as . tlu exp:cto: niit:{ng gﬁ; i;iﬂl;l:;;lwc and.
: cxpu;tod nmr of poopl: in tho weuc h urn; on thc knmm or - B
postulatod plruotnrs. nvengo crrival rltt :& mrm se“iiﬁ étt-e
Ofton a situatit;n {&os ,;not chactly fit thog ﬁl ;ti i:ﬂcloso o;of;m o
T e &7 pBE

that significmt insight can still bo obtuud fro- its uu. l-'o.rﬁ
exanplo. I sitnation night fit thc abovo wmtlg -odol with tho excop

tion that 1ts sorvico ti-o pdf doviatod so-uuhat fron tho exnonenthl.

Pl . 4 . < 5
ER ik Pos e irunys N D RNRES # B X 48T

il

Tho prod:lctod nltinu the 1n quouo. hmvcr, night nll still be closo

SRS SRS TN P Rt kX7

ouough to the true valuo to be of uu to the mlyst. lt 13. of courso.
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extrenely gratifying to the analyst when the systen under study "fits"
one of thesa nodels with well defined enalytic solutions

Sone real life situations are not so co-operative and do not.

E

lend thenselves to such models. Fraquently, hmver. -odels of such |

systens are solvnble using conputer sinulations. The si-ulation

technique,,which involves dynaically simlatin‘g@ ;;eents' of the real

.;».,sf “" -

world on a digitel co-puter, is generally more exponsive, but it. can

often be used to greet advantaoe with systus tlut are too conplex to be

Ly
FRE N | PLiaeEat Aavicurad

solved analyt ically.

3.1 Modeling the Emergency Room

- Of first priority in any analytical.progess is to clarify which
questions about the: system are of interest. -Oftem m&amﬂm& Gcan . -
take the: form of "How deex x vary with y?* .ar *Hiow gdoes x vary with.y

two sets of parametars; a sst of outputs {x's) and-a set of inputs (y's,

2's, etc.).

In this section we uutlinn mwﬂ%mling the

SR GG

emergency room. Basic issues are discussed, and an etteapt is made to

communicate the mode of thinking nmssiktﬂ*hr the lodeling process.

3.1.1 TIsolating Relevant Parameters

The quality of treamom )in el;e inhridm ilosnit-al Emergency
Room -- and in many of the nation s mrgency roo-s -~ is high.
Problems in these systems arise prinrily wheg ut&gsgs sagant qvail
D e

thenselves of this treatment because the systeu is overloaded Thus as

a first step in our analysis of the e-ergency roon. it is decided that
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the quality of medical care per se admieistered to'each paslent is neﬁﬂk
at issue in thxs analys1s. Therefore it addresses 1tse1f not to the
problem of 1nadequate medical technology in the E R but rather to the
Jact that requests Jor servtce from the £ R are exceedtng its capaczty
to handle then effecttvely.r It is assuned therefore. that the system
runs smoothly and delivers adequate service es‘loo; as the systen is
operat1ng below 'capecity. It is only when demand for service »
.increases that queues begin to develop end the systen bogs down as it
becomes "“swamped.” [2] I i

Once it is decided that in the present ressareh medical care per
se is ' not’ at issive, the system can be viewsd ag o "service system,” in
which patients arrivé requssting *service® and receive it as facilities
become  available. - The -efficiency of such:s systes omsibe quantified =
through such métrics-as delays experienced by-the patient. Thus the
following parameters ‘can be considersd -relevamt dindives:-of the
operational effectiveness of an emergency room system:

1) ‘number of patients in waiting
l‘OOﬂ QUOHO

2) time patient is kept waiting
' before service beging

3) time a patient actuelly spenas
: in service L

4) fraction of patient service
time not usefully spent.

3.1.2 "Obstacles Inhibiting R
Development of an Anelytic 801ution

The eaergency roonm is cleerly a servzce systen -- petients

arrive requesting service, are served as servers becone available, and
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are released. Byt unfortumately it dges.not fall cenveniently into the
classic queueing model template. 'The definition pf. the key parameter, . .
service, 1is obscured by the complexities of :the. system. In a.system . ...
such as, .say, a polige patrol force,.it is relatively easy to.define a
clear cut server and define.a distingt servige time.. The server.is the. ..
patrol unit, and.the service time.jis.the number -ef.minutes that elapse
between the time.a unit is dispatched.em-a call.apd the timg it f!ﬂl‘!*
patrol or is dispatched to.answer. anethar reguess. for service. . . -

In the E.R., an gbvious definities-of servicy.time.is. time spent, ..
in treatment. But what defines treatmeps? ;What:is. $he serverZ. In. tha. .
police patrol example, the. server is. cleariy the patypl.unit. lIn the - .
E.R. sxample one is at first tempted to defime the.EsR..bad a3 the . ..
server. But this is clearly inadequats::; ng service, is being rendered
when a patient is lying i a bed waiting far: & decipr to bscome
available.: - The analyst. is. then tempted to,decids: $hat: the. doctor: s the.
server, but this is equally unsatisfactory. . aatdent.using the x-ray .. .
facikity is unquastionsbly receiving Arentment. dut if: .the doctor were |
defined as the server, the #&mms&smxm&&w%% BR - s
receiving no. service. . - .. .. - h o nadioaz o oo

Thus: the::analyst of the hospital amergency room is quickly iy
confronted with the problem.that there are several sypes of treatment . ip -
the E.R.,. all Gt witich mmmfum& Senvice xcan take .the forms
of treatment by trained personnel -and/or-use of physiaal facilities. -
(Personnel doss :not.only mean dmtﬁﬂa. Rowevar . Jushods important are . ...

the nurses and paramsdical .persons.). . -
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Not to be ourtiookod is the problem of how to dedl with "blocked
time." A patient is said to-be "blucked" when-he isiwkiting for ‘a
resource (e.g. doctor, nurse, lab repert), but not receivifg any other -
‘type’ of sérvice. .-Large amotnts of blocked time iRdicite-that more of
that resource is needed ian order to Sd‘—*mi’itioﬁiliﬁ?cﬁintﬁhfwith the:
rest of the system. For éxample, a la?ai"'mriefém~;wuid:»Iw-
worthless if, even though every patient requesting sefvice were '
immediately assigned & bett;"he spent wost of-Mis-time ke *doctor . -
blocked® state waiting For'a doctor.  In-such’asystem, & wasteful
imbklance would be present: 1if the demand ieve large; more doctors '

would be needed; or il the: demand were sot’ So°great, then: expense has

been wasted on ‘G‘x'trc’%hid%";.’ ' ey classieil’ serving Systewnodek; 1t is
assumed that ‘using the resoutce: that 15 the’ server: {or partiof t)
- constitutes service. In the: emergency room, however, it is possible to
have a patient who is really receiving no servicy eitept:in that he is
consuliing ‘one ‘of the resources. - - fakinaay |

© Another claswic ‘example of blocked tise 1s-Uhe patient who has
been treated -and is essertially reudy to by rélessed Frowthe' L .R s but: .
who, for one reason or another, is still occnpying-tmm@mf &
situation might oceur, for example, in the :Clse ‘of -4 Wyed Person who
cannot leave unaccompanied, but whose compawion hras not: Yet appeared to .
take responsbility for ivisi. Another instence of this “exit blocked”
state often-dccurs for E.R. patients who -are finished with all E.R.treat .
involves a considerable amount of administrative ovédrhead; mﬁ it 13 not

uncommon for the patient to spend considerable periods of time waiting
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for this processing.

As one gets-deeper into the analysis of the emergemcy room, such:
basic questions as when a patient is being served and how much service
he is receiving become significant. In the s&aﬁinrd“i.rvlcerSysten
models, the only variation in service received by:various customers 1is
1n-1§ngth“ef"tilc of service. Patients in:the:smergancy roem receive
not only different lengths of service but also highly varying types-of
servite. A patient in & blecked state waiting: fer a:doctor is,qnly
receiving service in that he has a baid.: At the n&har:;xtaemowis:a-
cardiac arrest patisnt: -whs: may be: receiviag. umim from: auﬁnmus;
faciiities (defibriliator, meaitoriag: cquipment,:ate: ) and: persemmel: < .
(continuons: service. from several. docters amd Rurses).: Betwsen the two -
extrembs are a range of situations difficedt to:.clessify. . .

One example is: patient observation. : domatimes it is mcossary ’;
for a patient simply to wait in a bed for:sh:."ohservation peniod.” A .
patient with a:drug overdose,: for sxampis,: will: stay for -a .few hours to. .
make: sure that there are no more ccompliostionss During:this time, &
doctor ‘or nurse will see him a few times,:but: mmwstm e gjust:.
waits until the doctors are sstisfied that he is well: enough: to be
released. A person under observation:uses up a bed, but how much .
personnel time does he use? What service is he recaiving? . Such .
questions have no well defined answers. = = :p0 oo e SETS SRR

| SInilar.qunstiou5uc:n;hy‘dsk;d:!hnut:sunh;sixuattons as those in
which' laboratory analyses are ordered for the £ .R.:patient. -The patient
awaiting a lab report may be receiving no treatment sxcept-in that he is

occupying a bed, and yet somewhere in the hospital his blood sample is
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being analyzed. How do we classify this type of treatment? Where does
- it fit into a medel? Again, such questions have:no-well defined
answers:

A significant part of any analysis is to gather data from the
system being analyzed-upon which to base parsmeter values of the model. -
A value for average sprvice:-time, for:axaiple; seeds 1o h:loumimﬂs
In the E.R. this can pess & serious sroblem.’: It has:alrsady: besn. thed.
that patients receive varying: degrees- and £ypesiof ssryice: A patient -
might requirs tea:minutss sf nurse time; five minmtes: of xr~ray. time;
thirty seconds of docter: time, and thirty misutes of bot:time:. Another:. -
-iqb.t’r Nood: twenty minstes of aurss: time; ety mibutas of dector: time, -
ten minutes of led t%i.; awd ‘two hours:ofi bed time.  : This veriatien. -
poses only a minor problem to the data gathwwer.. The:serious: probliew: is:
that the ssrvices ars: not-deliverst 11 si3y to Imasure: paekeges:
Returning: onice: more To thé: police patrol: sxespde; whe ptes that data
gathertng i¥ a rather straightforiend process.: Servic tam b seaswred
in patroi:unit winstes:: Thers iz no.analogees ankts ofservioe fon the: ..
esbrgency rUm. : Pumtiermore; Woever 1e using 4 server {patnol unitd
has the sntire ssrver dedicated 4o hin.:: Service beginsiwhen the unit is
dispatched:to answer the call and ends when the M& resumes ‘patrol or -
begins service .on another call. - Service i the £.R.i is genenally nat at
all dedicated. The emergency room uam shanging scene:with: .
ductors and nurses contineelly moviag frem m&nmma shirty
seconds hef'e, two mimites there .. Neasuring .servioe Feceived by euch: .

patient ‘becomes . a ‘.fmk‘ problem.
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The problem is made even more complicated by service being
‘rendered by non-E».k. personnel and facilities. The E.R. is not a'closed
system. It is common practice to have a doctor cailed: from the floor in:
order to consult with one of the E.R. doctors. The nost 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 adnitted a doctor fron the fioor is eelled to initiate and
supervise prelininery nedical care (cere edninistered before the petient
is actually officielly adnitted by an a«hitting officer) These
"outside doctors" use the E.R. facilities. including one of the beds for‘-
the patient for whet are sonetines lerge periods :of tilne Several non-
E.R. facilities my be involved in the care of an E R petient The -
most comon of these are the x-rey fecilities .and the laboretory (used
for cuitures. hlood enelysis, etc ) S'»pet:iuﬂensi o‘b;tain?esd in the E. R are

Fgor

taken to the third floor leboretory by a nurse or nurse s aide (Note'
Host patients welk to x-ray, but if one of the beds of the general -
treetnent room is needed for trensporting the petient to x-ray, its
space is left empty. Another bed is not noved in ); »

The reader may note that underlying this swtire discussion of - -
the complexities of the emergency room: has been -the-idea of balance.
Smooth and efficient operation of -the "emy 'room:-is absolutely .
dependent upon a preper balaice existing dsiong the availsble resources.
There is no single server in the emergency room. Heds:aré useless
witheut personnel, and personnel &re wseless Withewt ‘a:place te work.
Carrying this idea one level further, doctors cam :do little unless there

are also enough nurses in the system, and nwrses, ‘in turn, are onlv
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useful if there are enough doctors. The margimal utility of an.
additional unit of any resource is highly depessent upen the existing

quantities of other resources.

3.2 The Hay 1972 Study

In Hay. 1972. one of the first efforts in mrgsncy roo-
.analysis was undortnkcn by lhrkcl Purks. Shiclds. -nd Heissberq (3] |
Their purposo was to gain 1nstght 1ato the mtorrclat:;'m“ships betwun
nuﬂ»er of bods, stafﬂng patterns, and arriul rcte of patients. and how
these parmtors affoctod tho quanty of scrvico u nusnrcd by the
indices doﬂncd in SQction 3. l Tho study m m of tho first attelpts
at quantifying these relationships - ‘ . A

In some nys. thc TIGERS lodcl 1s an oxtmsion of the nork of
this Hay 1972 study. In this scction, we thcnforo discuss this study
:ln considonblo dota:ll In tho last sect:on weudo an attelpt to ‘
co-unicate the typo of thinking necosary for -odoung the E. R. Thi‘s
section, in addition to doscribing tlu uork of thc llay 1972 stndy. 1s

alsoc an oxtonston of that attolpt

3.2.1 Simplifying Mtiona
- It was decided sarly in the analysis that the emergency room -

could be viewsd as .a multi-server "service aystem’ as described in
Section 3.1. ‘Omce it was decided which parameters.were relgvant te the.
analysis (end of -Section 'as 1) it was aacessary hmaww of
simplifying &muma " This is mecessary for -any modeling process;
factors which do not sigaificantly affect the.parameters: of prime

concern can only add overhead,
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It was decided not to include pre-emptive emergencies in the -
model, because the vast majority of the CHER's -patients are non-
emergent, and.it is -this :type-of patient -that is -eventually .going to
strain the capacity of the systea. . Furthermore, -although an .emergency
such as cardiaccarrestirequﬁring,thaeensﬁraiMlengancyinoqnestaff for an
" hour or more ssriously disrupts . the system, -it heppens so rarel«amthat :
thekdhuﬁtlitﬁeseot:thabalnckvnna-naceitllauhﬁgbyatﬁauheabiaan to. be
adequate to Till present needs. : (The -tiedad sh :theé defibrillator,
etc. is at this time used only for pre-emptiwe smergenciss, not for nen=
emergent patients.)

Another assumption involved peripheral facilities the use. of
SR ke
the psychiatric. pediatric. gynecological, and alcoholic detoxification
fan o oam

vl B

facilities and staff usually does not involve naders of the E R staff.

% ooy ¥ ¥R 5 LI0T N

and the facilities used by these departlents are independent for the
,.j. SESE BFERNOR i
most part. of the general aedical treatlent roon For this reason the

Tl yGT v TGRTES & 'r‘t R

nathematical model did not include these facets of the E R

'I'he physical capacity of CHER is about seven patients in the

general treatnent roon There are five beds in this roon, and new

atients are seldo- called in unless there is a bed free However,
- [N serpt S lawm RBEA Y AEF O] ¥ i
there are also a few chairs, and nany eatients. not in need of a bed or

SR ARSI s T N

who come back fron x-ray and find no beds available. sit in chairs.
Fron the physical size and layout of the roon and fron their own

o

observations, the teal deternined that seven was a reasonable estimate

e . ERR TS Ty T T e, peiet B

of the naxinun nunber of adult patients in the systen at one time. ‘('I‘he
nurses almost never let more than seven in the room 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 in; :t.lms ‘the room is pravented: from becoming "flooded”
when those at x~-ray rsturn.) - |

.Because the rete of arrivals-at night sas low, it was decided
that it would be inefficient to increase the night staffing above the -
present one- intern policy. - If 00 many MW bes humdled by one
persom arrive, the dmtsrw can ewll slsewherw within ‘the hospital: for -
help. -Thus, the Markel st al. medsl Concamtrated on & daytime situsation

~with an arrival riateiof five peacpls par hmm;tM.ntmn intarns. -

and one staff doctor om-duty. .- . Yol BSeo Lel

322 Tho'l\voStgo!bdol

-

'l‘ho uin objoct to bo lodelod m tbo moral troatnent roon.

-~

Typically a pntiont 13 callod in by a norso. ‘to usi;ts h:ln a bod ond
takos his viul signs ?pulso.atonpontoro.o:c)ibéof:s:hoais o:ouinod
by a doctor. Hhuo a potiont is 1a tho c;o;'mcy roo-. ho 1s soon nny '
tms by a doctor. uwolly for p:;'iods of l;hot:&:r t;vo. l:;thor thon
for one uninto;roptod poriod ' In odditioa to tho o-;r;oncy roo- doctor.
the potiont also rocoivos a mﬂur of m-o-ormy :'oon doctor :
sorvicos. such as loborotory tosts. x-rays. coosultiay physicims.
nursing. ond rosuna and nittng. {T!"io:;ﬁ:u;a-;ot:r"?:ior;icosbovorlap |
uch othor and ovorlop tho;octo:’ tin: :i:o (o ;I{{o ;urso oiilnfﬁh;f”

doctor trut a pationt) ‘l'o bo absolutoly tno to ltfo, doctor tilo

g nvel fips o syvas | v iz -«“‘Zé sy

should bo lodolod as tho sum of a rlndo- Mor of'rmdo- variablos
i oDmenisian meed sdr  Eaoiveyoosiio
mtorsporsod with a rudo- nuﬂnr of random-length m-doctor sorvicos.
JesommPrye sy gk mpawrden riubs Yo el #i0 8 AT T
Tho opprooch thot tbo f.ou took tmrds fittinc tho olergoncy
room to a lodol with an onalytic solution was to divido tho tine a W

patient sponds in tho enorgoncy room iuto two cotooorios- "doctor" ond




58

"non-doctor® time. That is, a patient in the emergen¢y:'rodm receives
two services, those of a doctor and those of all other fatilities and
personnel. An inherent iupoétant aSsﬁtl%ﬁ;"ﬁ*«imdﬁi Rey assumption of
their model, is that all non-doctor tiwe and’ a1l doctor’ time are
aggregated into two uninterruptéd service pefrieds.’”

“All patients are assumed to évall theiselvéd of non<doctor *

services first. This includes nursing; being' sven by noiSeibrgent

doctois oh & consulting basis,” getting @ Dlood tedt or Xray, or-being =
unider observation.’- Next,  in the wodel 811 Phtients are-Sedh’ by a doctor
for an’ uhinterrupted period of time. Vhen HOW-UoCtr TehctIONS: overtap -
doctor™functions (®.g. being sven by both ¥ dottor wndl’ & narse’ the time
is counted as being “dottor time.™ "~ © “7i &0 T Slase nuloian gauivtsE

- Pecelise there' are ot Wodt thrde retirlale devtors i the emergeifcy:

room at one time, and one of these is the staff doctor whose ‘role HRATIEW

thebretically is &s a consifItah® for the ‘fhterns, ‘ it of people
beiilg treated at any ome time “is Usually less: thalf Seven. - Wtle ‘there
are seven “beds,* only three of thes cin e Wver by & Uoctsr at once.:
The others, if they have fifished their Nen<doctor SEmine (o .other
medical treutment Being wdministered), ave censidered to be in®
"blocked" state, 1i.e¢. waiting for a.decter.

Since the ‘téam decided to tondewtraté theiranulysts only on the
physical cepacity ‘and ‘the nusber of doctors :of ‘The CHER, “their model -
does not explicitly aécdunt ‘for nurses; mddicul students, paramedical
students, orderlies, etc. Theyidre, ‘Wowsver/ -fndorpordted fwto “the new-

doctor time of a patient. e A IR A T




" of .doctor and: n

 The team's medel of the emergency rosm.is; shewa.in: Figure . 3~1.

Seven patients can be treated at gms time,. and apch patient receives. two, -

basic types of service, "doctor” and: "memrdoctor.”:  Weije seven_patients
can be in the system at any time, only thres or fewer (assuming thers .
are three:doctors oa duty) mill ”M%M‘H#tﬂw’m time. The

remsining. patients will either-be recsivisg oars. othsr:than: from an ..

emergency room docter or will.be blocked, waiting for.a dactor to see.
them. Thus,the model 15 & two 5ta08 SMItizserver: Astem, Mish, no.quane,.
allowed between the two. atages. 1f x dectors ars. busy. with patisats, .. -
then 7-x beds are available for other patisnts,: both. for non-doctor .. . .

services and for waiting to ses a doctor... A queup.:is L;AM to fors: in

front. of .the first. stage of the.modsls AhAS ARGUR COTTASIANAS AD the
... Service times are assumed o be exponential.. The distribution. .
i Adnes of & 100% asmphe, taken: for, elevan hours..

of observation. on each ;_oz;m days.: 16 shaw Jp Figues. 3-3. . The

distributions suppopt the sxpenentiel: Semviqe Aime Assumetions . .The
mean doctor. time .bs Ahe paranetar Lis. -and Mieimean Men-deater Sime 33 .
the parameter 1/8. For the first medel'ef the Drasent system. tt.sms .
assumed that two ‘1aterns and 1 -98atf A0CHOT MR ORANLY .30 ADG -
emergency raom .and that she staff decter Mﬁhﬁtmﬁwl sole,
acting u A CONSULLARL 40 'the -iatenRs . . It mae ws-m. however, .,
that when :the system was full.(saven patiensy). the staff dector would .
deiiver primary care. Because the staff doctor was Bt as:available .for

help or consultation while he was a primary server, it was assumed that
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the average time needed to care for a psatient increased; was used
instead of

The arrivals to the system by hour of the day for a one week
100X sample are shown in Figure 3-2. Tho arrival rate can tm)roxiutoly
be represented by c Poisson process with an adult l,rrival,rite lambda

which varies from 1.2 people per hour late at nigM to 4 % aeople per

' hour during. thn day. The model has sovonty—six states, ndm

characteriud by the nu-bor of patients being trutod by f&cilities or

staff other than an E.R. " doctor, the némber being treated by an E.R.

goctor. the number "blocked,” and the n@ﬁer in the quesue. Length of

-the waiting room queue was limited to five in order to keep the number

®f states of the system model from becoping unreasonably large. Also,

,Observuions indicated that very soldolivijre-thoro more than f:lvo people

PoEn

-1n the waiting room at any one time.

The preliminary work of Markel et al. provided evidence that the

two stage quesueing model can bo uscful ; There was, hmvor. mdbnscnsus

-

‘;that a cuputor simulation would probahiy yleld stroncor rcé;‘t‘slcts, F‘lrst-

a si-ulatiéa would be much more flex”iblc - M”ftt’i-s of roscurcos

f,could bgre(sily manipulated. Second, since no snalytic solution would

~ be needed, fewer Si-plifying assumptions ;bould _bo necessary.
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 CHAPTER IV: TiGERs™

A nntimqi in Chapter. I, MQ present., raseanch, was. motivated by
the goal of creating.an; ana 2001, high migptabe, ysad by the.: .o
hospitad- administrator, and.which. could ald Jm tinidaing the
compunications gep that exists. betvean. the: adplmistrator and the
analyst. The desige aad implemsstation:of.she: roguan, TIGERS represents
the greater part of the work of thi& research.project. - A-sirect. . .
outgrowth of the Merksl st al. stady,: the: TIGHRS systam wes develaped
with two main ‘coals in mind: 1) to design and implememst: & simlation-~ -

based modeling enviromnt which mld nacassitato fewer siaplifying

soidslvnid Isoldgety seiroone?

assunptions than the model developed by Markel, Purks, Shialds, anc

-

Gefe 4 00y hngsll v 1?""’"’*"35&’?'& PAIGIT

inssberg. and tlms. make possii;la a more dataihd aad policy-relevant

mn# o EEs pud iq oy &y dnid g

model; 2) to davaloy a medium of communication for prasenting‘ the o
* wa Th o soasireg £ reludsXe nollslums o ol ounr
quantitativo ruults of the aaalysis in an intuitive manner raquiring

S fee TP R f ,"E atygaut Pahb%ﬁ:‘o wehvhags zersd o¥al ey
little training in systm aaalysis to comprehand. Pursuant to tha
g 2147 Aoad Jnsidsg bnee® Fasvs arfe alsnogronoy o
goals outlinad in Chapter I tha primary research affort was
moonAT el e lasng o s coYe ¥ason =dd sinswmevosb YD rioes
concantrated not on dasigning a highly accurate model of a particular
£ 3% Biooaan 3 D oEud e thuen sd¥ zigsmsnnnl him r S P
e-argancy room, but rathar on development of a tool which could be used
...... - * S AT DS SN RS SR o “,:’“‘ sy ‘5‘:“‘{; IS TR s
for such a purposa.
B T T SR T St T T 1 S Ty ~¢3;“1:3‘§33 2L et o ST
Any analysis of a public systu is almost nacessarily a co-
7 | S

JASYE "B 42 15 [

operative effort shared by thehy anhalystﬂand the public ad-inistrator, if

DE GIBTBASY Lie L ETITE

the proJact is actually to rasult in ’éunstructiva ehange of the syste-.

BOOT GIENIESTTS L IBD

The analyst has effective mathematical tools and skills, but it is tha
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administrator who has intina_te familiarity with the problem at har;d and
who can keep the analysis on a track where 1t can be of other than
academic value. |

In this chapter, the Tool for Interactive Graphical  Emergency
Roonm Simulation is ' discussed in detail, isﬁﬁfﬁv‘itM&FMcribed
both from the point of View of the hvspital’ alilhistrétor and that of
the analyst. We first define the type of siimilatioh” updh shich’ TIGERS
is based.' 'We then introdece the ides of°graphital intevaction and the -
modeling philosephy which: makes tm» TIGERS ‘W0ds1 ‘Sdmewliat different. from’

other simulation models. Next the user viewpert and® intersction with -~ -

- the model are intreduced, and Tinally the: ides of TIGEWNS a3’ a‘modéling -

environment is dicussesd.- - : cviim i 2ROG Gae

4.1 Intoractivc Grlphical Si__gl_gatiou

‘l'he TIGERS cnviromt 1: buod upon a so-callcd ennt pcced

simulation. in wbich tho -odol has usocutcd with it cortain data .

A ;:—.,4;.:»

bases. and tho sinulation mcutos a uquonco of events nh:lch uy chyng‘o -

et u o AV ik H12 Io LA (‘tﬁ ER i 2

these data basu md/or schoauo fntnro ovmts. For cmplo. the nodel

sy @& Ave @) gl

'e,w\v- &

"might incorporato tlu ovont 'sond pauent to x-ray." This cvent chmges»

SFESEEAS A S S T L B ""'“f'}';‘ TR R L= oA ) ER A

two data bases. 1t dccrmats tho count of nmor of pooplc 1n tho min‘-

X P
PRI RS B R S &

: treatment roon, and 1ncrmnts tho count of tlu nudnr of pooplc at X-

t; N . i e '3 g-, .\.»'”‘5 T s o ERRA
ray. It may appond the patiout to a queue of patients vniting t'or the
CBROYTWG e

. X=ray; or if no one :ls cnrrontly nsinq tho x-ny md no queuo exists.

i 21

the "send pationt to x-ray' ov.nt win dotominc how lmg the patient

w111 be at x-ray. and gcnonto anot.hcr ovoat 'return frou x-ray to the

EER RN

min treatmnt room. .
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In a typical computer simulation Anvirgqggqﬁlaxhq;qsqyof“a(
simulation program involves three steys? 1) A-set.of parameter values is
determined. 2) The simulasion is:pum. for.a. preset length of time: or
number of events, or until same preset. conditien is met, 3) The printed
output of the values.of -variables deemed-isngrtast is examined. These
three ;steps may be :repeated-a number of stimes. . Akl-information
communicated to theruacr,froiathc program- is transaitted through the
"printeut.".

The philosephy :of -the TIGERS ‘program-differs:frem that of mest
other simulation programs.. A-simulation under: RIGERJ is an imteractive
graphical process; i.e: a-process :which:maintains-costinuous two-way ..
coominicdtion betwsen the user:and:the progrem: ke simylation
cemmunicates with the user, nos through cempuesr-printout, but through a
dynamic graplinalvdispinyﬁon;asG&&%@sopc.ﬁzilroula this-wedium, TIGERS
keéps ‘the -user cemtinsally informed:of:the:presens~state:of the: . -
simulation. As-he is meonitoriag tha: progress:ef:ths:simsuiation, :the .
user has the.ability at any Sime-:te stlr$aQrﬁitplﬁxhoqatiulat;gn or make
parameter: chasges or request informatdon.. ' .Its: ingeracsive .graphical
.naturewfacilita;.s\usoaby;thandnsﬁorsor&auhaicn:npindszratoreaSjwnl;was
~by. the trained nmg Nore aceunrataly;-she aight. say: thet such & -
systea dsnccessiu&:ty.xho:tk. and thersfors: mhmﬂﬁl}' serve as a -
focus. towards creating a more effective tasm. :dn:the dnxtﬂ sections -we
shall discuss in greater detail the rnnificatiensAof thess-grephical. and

interactive aspetts of the program.
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4.1.2 User Interaction with Simulation Programs

The key fesature introduced by a high degree of interaction is
great flexibility, since flexibility (as we shall discuss below) is
largely a function of degree of .interaction. -Flexibility ‘is desirable
because it encourages the .extractien of a latge quantity of iufenmatioh
from the program in a relatively short time. Degree of interaction can
be broken down into three categories.’

The "lowest" category is that of a so=called "batch programsing”
system. In order to execute one rum of ‘a simulation; the user decides
unon a set of parameters, types ithem:up mnwmwmuwd@) , and
submits his deck (typed program) in an invut bin. Hours or days later
the user can pick up his deck and printed output fro- his output bin.

If the user wants to try out another idea, he lust go through the sene

: ER SR apee TsT BT ki £

process again.
b f

The next category of interaction is that of standard time-

sharing. It is significantly better in that the user connunicates with

the progran not through punched cards. but through an on- line

teletypwriter. The user subnits his Job fro- his console. and the

computer types the relevant results of the silulation on the user s

console in -inutes This is, of course. a significant inprovement over

batch processing.

A third Clt'ﬂory of interaction 1is interactive not only in that
i "" 2 & ’5 év‘& -:.‘i}k"f.‘ P .] t‘

the user can change paraneters before running eech version of the

o Y

simulation. hut elso in that he can interact with the sinulation at any

time during its execution. Such interaction was strived for in

designing the TIGERS program. The graphical trace allows the user to
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follow the simulation as it runs, and as long as it looks interesting,
he can let it continue to ryn. If he sees an interesting state, he can
temporarily stop execution snd investigate the state in depth. If he

wishes to. change :a parameter at any ‘time during tihe simulation, ha ;13"

frees to do se. Thus simglation in a TIGERS+-1liks emwironment hecomes a
process which -the user can continuously .ebserve aad :4n .whigh he can
‘participate. Such a program is not hounmd :‘to the three steps described

earlier which characterize most-other simwlations; ‘ﬁqv'r;avhzinal trace

creates. a situation such that-the progeas cen be .rum for as long, but -
only as long, as the.user deems it useful. :

4.2 lntoraction um\ the Si,lulation T - C ity

Ilplelonting an E R lodel under TIGERS noccssiutcs 1nteraction

with the prognl at loro than one levcl mro 1: no rigorous

hierarchy, but if forced to diffarentiate. one sloht isolate two priury

f

facets of tho use of TIGBRS On ono lonl. tlu progru is an
b
interactivo oraphicul slmlntion with uMch thc usor can oxperilent with

a given nodol through use of the procru's two onrating -odes On
T i B [
another level TIGERS is a lodoling -onviron-ont nhcro subroutines are

written and data bases are structuuny mdifiod er so-oti-es sven _

nowly croltod

In this section we discuss in detail tho use of the 1nteract1vo

I

progru to cxporilont with a given lodol w. -111 rofer to thc

oxnerilontor as thc user of tho vrognl. \h ducribo bolow the man-

1

‘uchino 1ntorfacc md tho use of TIGERS at the 'usor lovel .

LEE L FRE




69

4.2.1 Phys ical ,Facihties

The pregran TIGERS communicates vit.h the user prmarilﬁ( through
the graphical displ:ay on t!n CR‘!' sc:ma 'ﬂm usnr. in turn, can giva
-comands to TIGERS through the hand-ﬁheld strius (pen) and tablet.

(There is also two-way communication thréagh ﬂle teletypewriter, but it
1s generauy nnnacessary at the user hvul ) “The Tacility is shown in
Figura 4 1. Tba user sits in front of“ tha cnr \ﬁ.th the tablet .

horizbntdl directly in frea% of hi.nr

f.agd tablet allow the user

'ﬂte _;-tablet is- a surface

to "poj.at' t’o objscts dt%phyed ,

that is sensitiva to the pesitim 0f tha stxlus., The surface of the

tablet maps date tmﬁ ““ of ﬂ“ - Sueh that %ouchiﬁﬂ a Mmt on the
‘tablet with t"\’ ‘nn is like touching m S aiianir

',scoye.,_r In this diiﬁassj.on when we. nfw tg

tha t&blet. ({n aetual use, the us‘f
touehving the tablet. -:Because the pen:

‘the sée;e.~the user fesls as if he o

touched hy tha

ean e:lve ',? Mamand ‘ erwise comunicate uttk ‘ﬂfw. _fﬂﬁfk‘s'

ail ught buttans tm the form of a lahel m an associated sensitized

area indic

mm Fbr empfe. ‘the button to command

1nxtx.;1g;gts§;qg\ he

looks like this:



1
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[0 INITIALIZE

Whenever the square is 'hit" (tou;:hed) by tho pen. the states of all the
resources are reinitialized. (A more d&tlir‘ed describtion can be found '
at the end of Section 4.2.2.) ‘

TIGERS operates in two possible "modes," Modify and Simulate.
Simulate is the mode in which actual simulations take place, and Modify .
is the mode in which the user can change the values of various
parameters. When TIGERS is first started, the program is in Simulate
Mode in a "stopped™ state; i.e. the simulation is stoppeﬁ;_:ht ready to
be started. TIGERS is inactive but listening, waiting fo';r'a command
(i.e. for a button to be hit). Thd;cgt[;p:an"iﬁliiaiizoé Simulate mode
appears as in Figure 4-2. This is Vthe sttqs upon 'vvhit:h the scenario of

‘the simulation takes placa."i

4.2.2 Simulate Mode

v TIG!".RS' stage is composed of M Vi;iumm«,sj?ctorm Main,
Blocked.jmitfﬁ‘gs. Lab, X-ray, Shock, E.R. Staft, On C_all.é Lounge,
Nurfses:."and: tﬁree unlabeled sections. (Blocked, Shock, iénd Lounge are
not usél in the current implementation.)  Each sector regresents a
différélit subsys’ten of the emergency room. The mobile elements of the
- system -are the stiak figures with varieusshapnd heads (m it‘jiaé‘liffe 4-7) .
which represent the patients and the emergency room personnel. For lack
of better 1dent1fiers. 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




ot Rty ~%_‘g_@w&,wﬁ‘n,n:~w.v.‘ R A e R i e s

72

reee | | roex | (roee | Lo | Leene [ deeee |

SO 2D F nfie ZFNT TR S

Figure 44-2> The CRT in Simuldtededo‘ | ';m;, wAﬁirﬁ‘ﬁifi'ciilri/z“atio‘;r7

¥




73

appropriate number of the appropriate symbel (stick figure) in the
sector. The clock at the bottom of the 'scifeen indicates the elapsed

simulated tigme since the last START of the simulation.

-

Three of the sectors are indiceters of eveiieble energency room
personnel‘ |
Nurses -- emergency room nurses : viEr o son ot YooY

E.R. Staff: =~ docters'(inc&ud&eg.iuterlsa essigabd-v
full time to the ttergency reui- ar o

On Call -- doctors who, although not stationed in
the E.R., can be eel’led int&‘ fthe E"R iillen
it becoﬁes‘%reuﬂed no & :

Ld e B e 5OF

These three sectors indicate number of staff uno are on duty and not

A

busy, i.e. reedy to treat petients Thus nhen the progran is

FE T

initielized these sectors indicete the totel nu-ber on duty, since at |

g 2

time zero none of the steff aenbers ere busy. Thus the pereneters of

5 A - - -

the nodel of Figure 4-2 are initialized et four nurses. three doctors,

T
P JEEE S

and one doctor on cell

Hhen the silnletion is initielized no petients are indiceted in

S - A P
: T .{, e :"“-m

S ar e

R

any of the sectors. beceuse petient arrivels do not begin. of course.

until the simulation has sterted

The sector -erked 'Haiting represents the weiting room. As

R

the simulation generates arrivals. they are essigned to a bed if
possible. If this cennot be done (e g. if no bed is free. Qr all nurses

are busy). the petient joins a queue in the weiting room.

The area lebeled HAIN at the top of the screen represents the

g ,' R

main treatnent room. The bed like objects represent beds Associeted

with eech bed ere four 'fields' (Figure 4-3) Field 1 is the patient |

location field (Figure 4 4) ‘ It indicetes thet either the bed is not in
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use, the patient is in the bed, or the patient is-at x-ray. Field 2 is
a patient state indicator field (Figure 4-5). It may imndicate the
following states:

- OBSERVED -- under observation. Often a patient will stay in
an E.R. bed, sometimes for several hours, simply to
ascertain that he is ready to be released. Patients with
drug overdoses, for example, are often watchcd for a while
before they leave the E.R. bE i TRt YR e
LAB WAIT -- 1ab blocked; waitiag for: 1lsb: test result..

Often, a patient's trestment. is delayed: until MS test
results are back from the l1ab.

EXIT WAIT -~ exit: blog:kod. f;ntﬂud nm uumtﬂ. but exit
- delayed. Delay might be caused by Mt{m red tape,
or soutins shply by lack of trmporutien '

=D 2ImT i

These states are crittcal becauso pntionts m thuc states account for |
much of tho use of a signifiunt l-'. R. ruourco - bcd spaec 5
Field 3 is a "server indicator® fiold (nguro 4-6). It -iy
mdicato oithor that a patient 13 boing scrvod by ono of the E R.
personnel or a consultant from the floor. or t!ut the patlmt is in a
'blocked stato' -- recciving no trut-cnt ud waiuug for such sorvice.
| rum . spocifios the -type- of patlont occupymg the bed
(Figuro 4-6) Pltients ny bo classifiod by tm of trutmt
necessary; and by monitoring the types of pationts m the main treatment

room, the usor can ascertain which typos nko thc 9rutost resourco

dmnds of the systu

' In a typical "scene" there -ight be a couple of patients in beds
being seen by doctors, a queue of pctlents wtiting l;;c »t".ho x-ray, and -
several available E Il porsonnel A chango of stato (e g a paticnt

noving from bed to x-rly) is displayed as it occurs. Tho user is able.

for oxnplo, to see a patient sent to x-ray. seo quou.s build, or notice
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Figure 4-3 Four Fields of TIGERS Bed

FIELD 1

FIELD 4

FIELD 2

FIELD 3
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Figure 4-5 Bed Field 2:  Four: Possibin, States
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Seven and Three Possible States, Respectively
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a patient in a blocked state waiting to see a doctor.

Figure 4-7 is a typical scene which might appear on the CRT
during a TIGERS simulation. In the main treatment room we note seven
beds. There are seven:patiehts in this scene. six of which are actually
present in the. main trutnant room. Thp sm sis in: tlmx-uy area.

'Note that two pat:lent; Qre uttm. for hiou{bry inllysqts rcsults,., ‘nle

e-ermcy roo- ﬂpnmt-d Dy ﬂtts -o“i i: mﬂ‘ﬂ by thm doctors amt .

 two nurses, and has mfﬂoctor-..om clu. A;&tm”rsgaﬂrggusy (hence
the patient in the nurse blocked state). One of the doctors '1# busy and .
the doctor on call is available. One patient is under ohserution.

M important aspect of the display is that'*-it- is intended to
lend intuitive "feel” for what is happeniag u. well as co.mroy |
quantitative information. It is for this reasean that queues of patients
or staff are represented not as nulorals, but as actual collections of
stick figures. A crowd gathered in the waiting room cdnvoys a much more’
intuitive idea of the property "crowded” than does the numeral “11.°
Similarly a blank space in th§ x-r@y area conveys the ideas "empty" and
*not crowded."

It might be argued that the numeral "0" communicates as well as
the blank space, and that the numeral "11" does as well as eleven little
figures. The author contends that this argument might be valid if one
were only interested in the state of one data base, say, the'waiting
room. But when one is interested in the state of the wholg system, the
stick 1guros cmiclu mdvinu»af“ﬂvdﬁ Usdng numerals instead
of queues of fisuros adds one levol of al;;trxul:tion; | Ifone were oniy'

watching one queue, this abstraction might be insignificant; but when
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_Figure 4-7 Typical Scene Du(igg a TIGERS Simulation
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several data bases are being observed, the extra level does become
significant.

The two unlabeled su:tors in tha lmn right cnrner o£ tho

ds

screen contain the liglft ms wluch “carrisv

i e

¥ are as follows:

which TIGERS will szcept in smuu,m An
START -- starts the simulation.
STOP -- stops th; simulation, if it 1&{umu,ng.

CONTINUE -- allows the user to contiaﬁﬁ‘s“hﬁnc from
the point at which hcé STOPped oxocutlon. ;

INITIALIZE -- rﬁnitianzos an data bases to W"’
initial state. Haitipg room, lab, and x-ray are a-ntiod~
all beds are made freg. pll staff are made nnnchld

‘Ma*w

SE'ATISTICS .- ruuy two W I on displays iin the
unlabeled sector] at the bottom of m cumulagive
statistics such ks total number of patieats that have gone
through the sys! e giting time and aver service
uu.;.iorr or ' ? stics. (See rotion

.50 T |
IDDIFY -- $ops the simulation qd switches to *llodify

4.2.3 Hm *!ggg -- Chlng_i_rj_g Parameters

,\,,*i{ﬁ ’”Qsiblo for the user to llter critical plrhoters of the

smttﬂtm lase time that the simulation is stopped. A;l changes are

¥ EVETE

made in noc;g;ym ‘and switching to Modify Nede au:euticany stops
25 B e

-the- shuim {h -the present-implementation mm ontry to

Modify mode the display npmrs as in Figure 4-8. ﬂu»oight paramaeters
in the upper left are the simulation parameters which the user can
modify. It is a trivial operation to add or subtract from this set of

parmters.’"ifﬁ;t!ifh %ho prosent iﬁlm Mf “c, ;t%;ru is no \ay iébr the

untrained user to do this automatically. Altering the set of
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Figure 4-8 TIGERS Display Just After Switching fo Modify Mode
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"adjustable paramaters” is at this ppint a job which involves
programmaing, albeit a simple oms.

The lower half of the screen in Nodify mode is known as the

*blackboard.” It consists of a "writing &n.fmg;spk h‘iit;bns

associated with the ten digits, a docin&»ooin*ibu—t% and

I =+ SR
button. The blackboard is used fwmmt“ tq&»&ﬁrliﬂwﬂ

turn used to assign new values $e medel pm}%' w - £
string,” which upon entry to Nodify mode is. the null itrlng Tne
characters), is displayed in the wf_‘ittuc -area. Vhenever any of the

© digit buttons or the decimal point button is hit with the pen, the
"associated character is concatenated to the end of the current string. -
In this manner, integral or nonintegral numbers can be "written” on the
blackboard. The erase button is used to reset the currcat string to the

SN PR T 3313

null string in case the user wishes for some reason to rmite the
string.

When the user wishes to change the value of a parameter, he
touches the associated button. The program respoads by displaying
*CHOOBE ‘NEW VALUE.'i Thé usor then whites a oumbiir, tho low value, on -
the blackboard. This done, he hits the par;nctor Mtton again, and the

value of the parmtor is changed, both on the screen and in the
‘3@"’*““3 Rl ,?2** L

ok

‘ "‘“‘bf’oﬁru‘ "Figure 4<9 is a snapshot of the CRT in- Mfy Node as - tho o
blackboard is being used. The user is modifying the x-ray time
parameter for Type 3 patients. He has already hit the parameter button
and 1s now bnilding tho toxt striug ropromtmg(‘ﬂ;ﬂ new valua. The pcn

5 ENTT 2l AT H -

is still on the 'zoro' button which appended the last "0' to the text

string. The user's next step will be to hit the parameter button again, '
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NATER ¥ E.F. DOCTOS: 3
0 MR OF NUSSES: |
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m,@#
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nnununnu

O FETURN TO SIMULWTE MODE

Figure 4-9 Using the Blackboard in :M%'difﬂy; Mode
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whereupon the average x-ray time of Type 3 patients will be changed to
20.0. The interested reader will fiad-»: more detailed description of
Modify Mode in Section A.13. |

After he has modified all éhe Plr ite

4.3 TIGERS as a Modeling Environment

In Section 4.2, it was mentionsd that one might differentiate
among levels at which TIGERS is used. ‘\h found that TIGERS, from the
point of view ofb the experimenter described in the last section, is
something of a simulating machine yith ahish-he can set the values of
critical parameters and investigate the model's behavior under these
conditions. But this user level can onlj exist after a (hopefully)

.8
B valid model has been formulated and the appropriate programming

TR ¥ % 7

co-plotod. In this section we delvt mors deeply u{:‘éhc logic of
b & T :
TIGERS, and ejamie tie sktw frﬁ ths patat uf view

f one using
TIGERS as a modeling environment. We first discuss model formulation,

and 1n the section followinq we discuss the W@f thm, s

A TN .7 e A O -

fornulated lodel .

4.3.1 Creating a Model: World Lines

f ki ting t room model is formidable.
The,ask of, formlating thy smergency rgom model

The problm faced by the Narkesl et al. group (su Section 3.1.2) also

face the analyst using TIGERS. However, the simulation does allow the
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analyst considerably more flexibility than that team had working only
with an analytical model. Thegnerkel et al. group was forced to
aggregate all emergency room:serice into the two classes "doctor" and
"non-doctor® services, whereas simulation can take into account
seperately such peripheral services as x-ray, lab, outside conSultant
and nurse. Nevertheless, tﬁefg“is no avoiding tﬁe difficulty of the
task of creating the -odel :

Developing a model in’fIGERS usuelly means writing a scenario
describing how given data beEéS‘aFe to be manipulated. A simple
formalism has beeqideyglqheﬂ t&;;gggggihigq thevnodel in terms
compatible with the TIGERS environnent: a iorld line is a possible
course of events that a peﬁieﬁgfhzs experience from the time he arrives
at the E.R. until the time h@:i;&@*- The term is used to refer both to
the actual sequence of evenés’?ﬁd‘to the schematic diagram describing
it. R LT

Consider the followlng possible sequence of events uhich an

accident victi- might experience.

1. Patient arrives at E.R.

2. Waits in gqueue. )

3. Called into main treatment room by nurse.
4. Seen by nurse.

5. Seen by doctor.

6. Has blood sample. teken and sent to lab.
7. Sent to x-ray.

8. Lab test results returned.

9. Seen again by dactbr
10. Seen gain by nurse."
11. E.R. treatment terplnated.
12. Admitted to hospital.

This sequence of event# c2n be described by the world line shown
in Figure 4-10. Another pefienfﬁwith say, a sore throat, might have a-

much less eventful E.R. visit described by the following set of events:
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ARRIVAL
WAIT

NURSE

DOCTOR

LAB TEST ORDERED
X—RAY‘
LAB RESULTS RETURNED

DOCTOR

NURSE

ADMIT TO HOSPITAL

Figure 4-10 Example World-line (long)

ARRIVAL

NURSE

DOCTOR

EXIT

Figure 4-11 Example World —line (short)
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Arrives at E.R. .

Seen imediately by nurse
Seen by doctor :

- Released

e W N

This second sequence ot events can be described by the world

e SRR

line in Figura 4- ll
A patient arriving at J,’h@ E R. has many possible world lines.

His visit may last anywhere t‘rm a few minutes to several hours, and his
tth&Ht ﬁa?‘{ﬁ quite sinﬁlé“or“:;sxérmly complex. Many possible world
lines can be combined in a world line tree. The world line tree is a
construct whigh cap be;used 40 indicate Several possible sequences of
events which a patient may experience. Consider for ’éxa-ple the three
world lines in Figurebll-lz. A patient in a hypothetical (and highly
simplified) emergency room might always émri;once one of these three
sequences of events. In Figure 4-13, we have a world line tree which
incorporates all three world lines of Figﬁrel-l‘z.

Whereas the world line indicates one definite path of a patient
through “event space,” the world l@eﬁg@‘c indicates a set of possible
paths. Thus if one is told that a pa‘iea’t has an associated world line

0"" ETaY Ayl

40
tree similar to that of Figure 4), h:fki\s that the patient's path

o,

through event space will b&’f’ne of the three Mines of Figure 4-12.

Each node 6’1" a wor"‘ld line tree with a uniq;; ﬂi}n:ﬂbranching out
from it indicatesqhﬁq% in space-time where only one thing, one event,
can happen next ﬁ’is eveirt- J,s 1ndicated by the single branch. A node
withymrg f;han one outward branch, ~&"hgmeqwl;.w indicates a point in space-
tine‘ ’wneru“keveral possibilities exist. In order to indicate the

likelihood of the various possible events, a probability is generally

associated with each-branch: of the; tres.such that the sum 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 stete represented by a node Therefore in addition to

associating probabilities with each branch a conditional probability

x

distribution function (conditional on which branch is chosen) is

[N

generally associated with each node

TEixgets o1 TR
I R T

It can now be noted that the world line tree provides a

TS B B e S SRS s15 Je A (8 5 zaph B AR Yivo &b
mechanism to fulfill the need expressed in Section 4. Z In that section
Tlaa zheddenm lauif lehe pef2u &7
it was stated that developing a model in TIGERS neens writing a scenario
. G ;; i e E {; s.f" 13 . i »c'«: Lo
for the way in which the given data bases are to be -anipulated He
C AT - g et zpelgnnieezn priytiiamiz o ec o s
note that this can be done in three steps'
AR it i 81 géh“‘-" sers® gt Bushfy i ARED 2’ g‘!i*{zw’ EYH
1. Formulate a world line tree which incorporetes ell
the possibiesmidaueuemuumﬂsemtatusuth L FRSEECEE S

patient arrivinq to the system.
b ST 2* Y 50 heblreh spfd zylens “ﬂq IR :
2. Assign a probability to each branch of the tree,
. such::that théhsumi:of the probebilttipi:eof shezbfamthes below’
each node (except the terminal nodes) is unity.

" Yo tnn wiss o3 20 idd obh 0§ vew Vi a7
3. Assign to each node n probability distribution
functions (wheré:n is: the-nusberiel dianches ssanating from -

the node) that give information about how long a patient

will spend at that node, if he reaches it.

SR AT

ey

In real-life,. the world line:tredidébociated wath:a:patient
arriving:at:the E.R. has an extremely larpe nsiber of branches and
nodes: :However, the probabilities associdtodcidth Bosti ¢f thée: branches:
are near zero. The TIGERS program differentiates ameng patient types by
assigning differentasetsfofinodea?%d?eiihd brantﬁsprobabilities>te!eaCh“
type of patient. (The:prograsmer tan effettivel¥y assign: different ‘trees
to each type by setting: certain: prebablility’variublesote zero.) - The Job

of the: analyst in designing a:medel in:TIGERS- 18 té:formulate trees:
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which ignore the largely 1rrelevant branches and ‘mcor;porate the
relevant ones. Once again we are faced with the trade-off of accuracy
versus pl:ograming ovorhud Clelrly 1f tha nodol incorporates details
that have little eft-'ect on parmters of mterest conputation ti-e 1s '
wasted. On the othcr hand, if not enough detail is 1ncluded. the -odel

may not provido uscful results

Thns althoua lu doos havo considcnﬁly mnt{}éibili&y tlun he
‘would have if ho were usino uulytiu; uthodssi;u;rto ihoso of
lurkol ot cl.. tho mlyst-uur of nem still ;;;;et”:void tbo nud to‘ ‘

make clreful sinpufyinc usuptious in mmtm a -odcl

‘nu mlyct s tuk i: iad«d ur fro- stnlo. : "Pmning' the .

GonrE L

tree withont iwal“ttiu mmvrmu 1s~ﬁﬂt«it lammh«. But

in addition. once tlu miyst has docuoc/ou m slun of t.he norld

Triddedonn 5 nnizzA s
line tm. fit l'“il!t 5“ u&lﬂ !’llm ‘e“ m “u’ﬂ‘!t ud:rbnneh
Jganyg ]l shoo &

‘probabilities. ‘l’!u oaly uay to do this is to nn urcfnl dlta in the -
i ik, k-l-& J

actual o-ormacy ron -li aleulatv Wm mwrm tlou data.

3.

SR B T L

. 4.3.2 Implementation

* We:bave: sald-that- Hﬁﬂ&mnmw an: efivironment in

‘which the ssalyst can ispisment an smergency reom:#odsli - implemsntisg e
madel.inplies writing a: simlatisn:  :Even: within TIGERS,  thesanulysto’ -
must still write the simulation; the m'ﬂii mot:dd this:for. Mu -
(at. least not yet), .However, TIGERS does:mekecthe:job:sigeificantly

easier; it provides a set of subroutises,.prestocols asd dats:bases which
she apalyst.would: otheswise -have: to. desdon:hinself: sFor aclacge class ..
of models, the analyst dees not have teonwniste nswireuines:er cresase;new

data bases himself. Rather the process of implementing a model usually
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involves modifying the data-bases and routines already supplied in the

~system. The main features which TIGERS offers the analyst are

1. A “"simulation frame" consisting of a protocol for
defining events, an events scheduler which keeps track of
events and executes them at the appropriate times, and
routines for adding events to the "schedule.”

2. A set of data bases and‘routines for managing them.

3. A “basic set" of common events such as "send
patient to x-ray," "schedule lab report," "generate new
arrival," "release patient from system,” and several others.

4. A set of graphics routines. Almost 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.




This empty page was substituted for a
blank page in the original document.
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CHAPTER V:
AN IMPLEMENTED MODEL

5.0 Introduction

Chapter IV introduced the TIGERS environmnt for nodeling the
emergency room and described :&ntamtinn mﬂs t.i:a progran Since it was
desirable that the cnvironnent be demonstrated and tested by at least
token use, a prelilinary nodal was desioﬁd :nd 1uplmnted on the
systen. That model is the sub,ject »of this chapter 4

In designing a model, one nust continually keep in nind what it
is he wishes to acco-push with 1t. Koy quostions 1nc1ude l) In what
aspects of the system under consideratinn iis uthe oxperinenter
1nterested? and 2) Hhat paraneters influonco those aspects?

Specifically, which aspects of a patient's visit to the e-ergency roon

are being 1nvest1qated with the nodel and which factors associatcd with

his visit will havc some effect on thoso itm of 1nterest.

5.1 Design of the NMedel

Section 3.1.1 discussed ‘which aspects.of the emergency room were
‘of interest in the current research.  We sstablisifed that for our
purposes the emergency room can be viewed as a server ‘system, and that
the following parameters .ars relevast indices -of -the operational '

effectiveness of the this system:



e My AT AT T e e TR R e L S e

94

1) number of patients in waiting
room queue

2) time patient is kept witing
before service begins

3) time a patient actually spends
in service

4) fraction of patient service

L

BRI Crige wtl

Essentially. the tesk decided upon was to co-bine the eveileble -

H

emergency room resources in sucb e way thet the petient tile spent in

the systen is kept to a -ininun without secrificing quelity of ledicel

care, thereby -ini-izing patient blocked tile

5 [ P
._u{;g_:.. 8 B 30

As hes been discussed at length in Cbepter Ill tbe def initions

(SRR N B (T RN

of blocked tine end service tiee are not eesily errived et Ue noted

IcE: R TR B S-SR T T B 1) (% g Vit et 3
thet a fine line exists between the two Fer purposes of the current
XS P = (CX PR T Y 3 Fr e BB = .
nodel it wes decided thet eny stete in wbicb tbe petient is using no
wGE wE et dlbw DA 75 It tE N PRSI A &

emergency room resource except a bed shell constitute e blocked stete.

ey i -
[ B

Y Bod i iaoumy s Ty F

Otherwise the petient is seid to be receiving service. Thus time spent
waiting for a laboratory report or under observathiemiis ot cemsidéred <
blocked time. - The reasoiting behind thty dsctstentis thét.a patient
should be consideredblocked only-if ke is: simply “talting jup space. . "
Therefore when 'a patient:is in a'bldoocked state; ttis an-indication tiwat
some resource is lackivg ‘st thit mosewt;ion that :ssuething is bldocking
smooth operation of the system. Thus fonsmacﬁﬁtmkmmmﬁ’?w
the four blocked states are waiting for doctor, waiting for nurse,
waiting for consultant, and waiting to be released from the system; that

is, doctor blocked, nurse blocked, consult blocked, and exit blocked.
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In Chapter III it was mentioned that one of the advantages of a
simulation model over an analytical lodel a la Herkel et al., is that
the 51mu1ation is capable of taking into consideration considerably more

detail than the analytical nodel However. unnecessary detail can only

Ty

impede the modeling effort, It is desirable therefore in building the
simulation model to take advantage of the capability to explicitly
nanipulate details. but not waste tine on non productive computation
'Ideally. one wishes to consider explicitly in his -odel all such fectors(’\
that do heve significant effect, while at the same tine keeping the
model as sinple as pessible Too nuch detail is a common pitfall in the
design of sinulation nodels | | o

As a first step in the building of the nndel a number of
questions were formulated which explicitly focus on inportant factors
contributing to patient tine spent in theksysten and E. ﬁ lr:sources ‘
used. These questions served as a basis for the -odel design The list
of questions follows B A

Is the patient s problem especiclly non-serious’ This question
is important because, as was nentioned in Chapter I ‘a large nunber of
patients requesting treatment at the e-ergency roon have in fact very
minor problems. (See Figures 2-1, 2-2 Z 3. ) Such a patient should be
dealt with explicitly in the simulation model because he demands rel
atively little of the energency roo-'s resources. and his stay is
generally short. | R

Does the petient need x-rays end/or lnboretory analysts’ These

are two important hospital resources, the use of uhich always makes a

patient's stay in the energency room significently longer Furthermore
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if these resources are needed, the patient frequently uses more of the

valuable resource of E.R. personnel time. Delays caused by queues at x-

ray or backlogs in the 1ab also cause a drain on bed space and often

constitute blocked ti-e Thus a bottleneck in the x-ray or lab can
evontually nanifest itself in longer service ti-es end longer waiting

roo| queues.

=

Is an outside consultont requtred? So-etines the elergency room

o ¥ <% L

doctor finds that it is necessary to cell in a’specialist (e g. a

surgeon) fro- elsenhere in the hospital. Even eore than x-ray or lab
use, calling in an outside physician is a sign that the patient being

| treated has a more co-plicated problee than eost and will therefore nake

relatively large de-ands on E R resources. Furtherlore delays incurred
while waiting for the outside physician to arrive constitute blocked

. ; E B i SLoenaRne mE L Slda IR i PR ! s A
time.

boes the petieet require observetion?‘ Such”patients are of

concern because they often occupy eeergency room beds for hours.

15 the potlent ednitted to the hospitel proper’ This question is

inportant because often -uch time is spent in adlinistrative overhead in

e R L R

adnitting a patient to the hospital Such tiee can be considered

o ae
EE I T ATk : : B S ! ."”""‘

blocked tine

Once this set of questions was for-ulated. the next step was to
g R R TE R P SN ii: i

devise a si-ulation elgorithn to iepleeent various possible world lines

v

of patients. As stated earlier. the objective was to moke such an \

..3v

algorithm as siuple as posstble utthout socrithiag the obtlttu to

answer explicitly the oboue questtoes The aggregation technique used

by Harkel et al. was again enployed in the design of this algorithn
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although fewer simplifying assumptions were pade.

The world line tree upon which this algorithm is based appears
in Figure 5-1. Briefly the algorithm can bekdesgribed as follows: A
patient is seen by the doctor one, two, orrfhéee t1§e§. dépending upon
the complexity of the treatment needed. ,6n visit one ii“is first
decided whether the patient has a pro@l&a whiéh~can be espeqiaily easily
and quickly treated. If so, the pagi;nt leavés the systéﬁidﬁickly'andi
ddes not see the doctor again. Othérwise a second vis;;uig ;;heduled.
It is also during visit one that it is dég;ggéMyhgthpr‘ﬁhe patient will
use the x-ray or lab facilities. ” o

Doctor visit two doe; not occur until after the lab report (if

it was ordered) is returned and the pnticnt has returned from x-ray (if

e

he went). During visit two it is decided whether an-outside consultant

physician is to be called. R i R

The third doﬁtorfvisit?occurs only if a consultaﬁt was called.
The patient may seqfthe doctor a third time when thg consultant hés
left. Note that‘ghe_more complicated a patient's_gqai;‘the larger the
demand on the E.R. jdci{itio&_ynd personnel. w l

At thi; point th§ readefb;hfire;ggd in further technical details
should read s.‘ctuns A.7.2 and A.8 which des.cffbbg:hi‘ model in depth.
Figure A?S, which is especiaiiy useful, is a flowchaﬁt;theh}describes
the algdritﬁn used to implement most of this thrga?;isit ﬁodel. An
imﬁortant,aspec; of the algorithm is tbntrlikjﬁictsions"ﬁased on chéhce

are binary; ;he1en£1relalgorithn is baseéd on yes-or-no questions with

" probabilities of yes (or no) set by the user. It is felt that by making

all such decisions binary, the user can manipulate the model with more
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Figure 5-1
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X—RAY
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World line Tree of Current Model
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control than he might otherwise.

A goal of the model degign was Ehag “‘JQF faegers 1nflgencing
length of patient stay and aeoenyiqf resource;kneegeﬁbte be explicitly
variable 1& the model. These are the varieblegd;nﬁﬁhigh the
experimenter will be interested. In Section A 8 are 1temized all
parameters which are set by the experilenter 1n the current 1np1emented
model. We note that each of the crltical questlons nentioned above 1s .

explicitly considered in the nodel and can be varied by the

experimenter.

5.2 Defining Patient Types

The world line tree discussed in the previous- section répresents
all possible world lihesifor’patients‘ﬁnderféhiswfésiﬁmédel;“" The
values assigned to each node and branch, however, may differ wiﬁﬁ each
type of patient, as noted in Section:'4.3.1. “For the sample model, it
was decided that three types of patient would ﬁe*iipiémented.

In choosing to implement three types of -patient in-this model,
the experimenter divides tho~pepﬁlatibn“éfii?fiﬁiag;pat{eﬂis’ihto three
classes. The criteria upon which this dlvision is”dased depend upen the
information the user wishes to extruct From the model. By setting
certain world line probabilities to unity:and others”to zero, the user
can effectively assign a singleztyﬁe'io*eilfﬁatiénts With certain world’
lines or classes of world lines. In this napger.nghe user can isoleie
any particular classes of patients that might hold epecial interest.

For exanple, suppose the user were_au,energeney room planner
interested in drug-overeese‘patients yho’spepd avgreat engunf of{tiﬁe in

the emergency room bed under observation. These patients, once initial




100

treatment is over, often require little additional treatnent They do,
however. often occupy a bed for hours, thus leking a slgnificant denand
upon the E.R. resources. The planner iight‘he~iooking‘for ways to
reduce the demand on an overloaded eiefg§u¢yaééa., and consioering
setting up a special observation area for such &rug-ov&erse petients.:
In setting up his TIGERS nodel this user essigns ell patients of this o
class to one type, sey type 2 ' First he sets the err;vol rate for this
type to the appropriate nulber based on dste gathereasgt the hospitel
Then he assigns the value one to the probability parameter which -
describes the probability of of a patient's undergeinpﬁehseryetieng'
Fisally he.assigns parameter yalues for the pther .»txns.;.,»baapdma.n the
fact that patients.of these.types and patipnts.ef.type 2:are swtually
exclusive.

When the experimenter finally runs the simslatien, -he is able to
explicitly obser\«'c':-<fhov-«-msﬁ of the overgroyding.is being eaused by the
type 2 patients. Alse, by setting the arrival rate to- zero, jhe can
ob;erve the effects.of .remeving this. typs-entirely-from the- emergency
room (presymably to.the, special.obseryation:arga). .Me.might.metice that
the removal of the type 2 patisnts had.little effect, or.he might notice

that the introduction of the special observation.area has solved. the.

overcrowding problep of-the main, treatmsst.rogm. .

5.3 Assigning Parameter Values

Before running a sinulat1on under TIGERS the experlmenter nust
assign values to eIl the veriable peraneters of the -odel for each
petient‘type Figures 5 2 and 5- 3 are the sheets which the experinenter'

must fill out 1n order to supply poraneter velues for the currently 1- ;
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Value Variable
X,.3,.5 1 XR? -- |s an x-ray necessory?

X,.3,.6 2 LAB?-- Is aa |uboratory anuly&is edﬂed“ for ?¢

pAS LB KA

0,0 6 EXITI?-- Does the putient exit vmme@nately aﬁer
ﬁ Tirsf doctor visit ?

S5, X, X 3 NUREX?-- [fthe" pzmem does %eove mmedmfely,.
does he see a nurse first? :

X,.2,.7 4 Aomr?-- Is the uuﬁem to be u&mmed to the
hospital proper 2’ :

X, 0,71 7 CNSLT?-- Does the pohérﬂ see a consuH?

X, X,.X 5 OUT-AFTER- CONSULT?-- lf the pqtlent does see a
consulf “does he exit imnmediately " aftér seeing-a consult ?-

X,.2,,2 8 OBS?--Does the patient undeu:go a period of
observation béfore he ledves the’ §y3té‘m " o

Figure 52 Currently Variobie Brdnchihcj Probdbmﬁeé
(Typed numbers refer fo position.in Probsch vector).
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Value Variable

X,45,45 | ADMITT -- time spent in administrative "red tape"
waiting to be admitted to the hospital

X,25,25 2 ADMIT2-- time spent in administrative "red tape"

waiting to be admitted to the hospital, after having undergone
a period of observation

X, X,25 3 CNSDRT-- time spent with a consul'r
X, X,10 4 CNSLTT -- time spem waltma fbr o consult

X, X,20 5 DRCNT ) time spem on second doctor v:sn |f
consuit is, scheduled . N L I T S

.8y X X 6 DRIMEX.-~ time. spent: yutn doetor before ;mmedaote
exit LI -

10Q.:7 -DRNXLT -~ {ime, Qpens with .doctor: on fu'st \docfor
v;sn if lab report but no x—ray is scheduled.. - . .

X, Iy 1 -8 . DRNXNLT --. time. spend. with. docler; gn Eirsf doctar
VlSIf nf no lab report and no x-ray are scheduled

X, 15 X 9 DRT2 --, tims: spent. with..dactor: qmgecqnd doetor
visit if no consult ls scheduled

" X,sxt, 10 10 DRT3—- time. spent umrgdqetor on. ﬂ'nrd dcctor
ViISI

X, IO 10 11 DRXT -- }u:ne spent \QHQI gggtqg; ion o‘!%cond doctor f,
v;sn 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 I3 EXIT2 -- time spent in exit blocked state before

leaving emergency room, |f pcmem has undergone penod of
observgtion. Y A G AR &

99,3030 14 LABT =- time before tdboratory " anatysié results
are returned

|2,|g,,~|2 IS5 NURST-- time spent with nurse
X, 60,60 16 OBSRVT -- time spent under observation

F

99,12,12 17 XRAYT —- time spent at xray

Figure 5-3 Currently Variable Means of Random Variables




103

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 teletypenriter 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 of Figures 5-2 and 5-3 represeant values which
have beeniassignod by the author for typeebtwo;vthree;iead'four;
respectively. (Due to an idiosyncracy ef the programming, the three
types are labeled two, three, and four rather than omne, two, and three.)
The values assigned are not besed£on‘rigoreus~audsddtadled?data.v~8ut
they are based upon the author's experieace in~tbe»Canbridge Hospital
emergency. room and do represent reasonable  valees. - -

For this model, the types have been defined as follows: Type 2
represents the patient with a trivial problem. In the three-doctor-
visit model, such cases typically see a nurse oaly ohce, see a doctor
only once, and are in the E.R. for a:relatively short time. ‘Although a
significant percentage of: the vatientw‘arntvdnq,atfihe tynicaliaabrgency
room are in fact of: this type, they represeat: a relatively small drain -
on the system because they use s0 few rasources and their stays are
short. Type 3 represents the patient who. has ‘a somewhat more serious
problem, and therefore makes significantly gredter demands on the E.R.
resources. In the threerdoctor-visitalodela~the¢$¥ne:3@patient sees the
doctor twice, and sometimes makes use of various other E.R. resources. .
The Type 3 patient represents the greatest lsad on the E.R., since,

although the demand per patient is not as great as that of the Type 4
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patient, the Type 3 arrivel rate 13 generally nuch higher The Type 4
patient represents the nost seraous cases. Type 4 patients always need

L3

to have a consultant celled 1n fron the hospitel proper. and generally

deuand more of the nvailable resources then eny other type of petient.

As elready noted, however, they generally occur relatively 1nfrequently.

5.4 _Usiag the Model -

The purpose of: this. sectien is: to commumicats an idea. of what. it
is like:to-sit ia froat of the CRT and tablet. and use the TIGERS
program. The author requested Dr.. - Peter: Mpgielnickd of the Cambridge
Hospital to act as a "teken user” and: tio: sxpeniment. with: the program as’
he wished. We describe here a part of that ssssies: it weuld be -
desirable to have a motion pictire ta accompany;shediscussion, but wa: -
shall do the next best thisig and: refer to:the:figuies-at the ead of this
section. - Lo T T om giow gne : ‘

It is important that we note; that the:displayed: statistics, as.

they are now implemented, can be a: bit:sislestiing.  First, the displajyed

statistics are based on patients mo lonpsr im the spstem:: Any patiemts:
visible anywhers on the scraen are still' in:she systew and therefore:do

not affect the cumulative statistics. Secomdlypatients in:the system a
long time: mw:hmﬁm»;mch weight in--the average a5 petients: Just

released. It nymmmmwnm Lho-mor's: reveRt patients oo
heavier in:calculations of averages (wmwm of‘lmore retemt -~ -
changes are: more easily discerned). - Bearing theswfacts in.mind, we.

continue with Oour descriptden.. c. ooy 80 Liawsags Urisi iz
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Initially the parameters of the model were set as in Figures 5-2

£,

and 5-3. The progral was initialized to fivo beds. two nurses, three

i

emergency room doctors and one doctor on call At this point the

screen appeared as in Figure 5-4. The sinulation was then started

iy R

This hypothetical energency rooa appeared at first to be

AT R B

functioning snoothly, but this was an illusion attrihutible to the fact

that the system begins operation enpty--- with all beds free and a11

facilities availablo As soon as the facility had had a chance to fill
up, a queue began to forl in the waiting roo- and oreu steadily larger
» + b ,;ns? §‘§1l3!5;

It became clear that for some reason this o-ergency roon was not able to

R{a’ ety

perforn adequately in the face of the da-ands being lade of it. ‘Thus

1HG a0 T A

after four hours and forty-seven linutes the si-ulation was stopped
with the 'stage‘ appearing as in Figure 5-5v B

Dr Hogielnicki connented about thero being ten patients in the |
waiting room queue. while four staff loa;;rspuesj?idf:. 'élearly, an
imbalance among the resources was highly probable | He nentioned earlier
that a program such as TIGERS is espocially useful for neking the user

ESRR

aware of the necessity of naintaining balance anong the resources of a
complex system. Here the two obseryers&(;rR&Hogielnicki and the author)
were confronted with an exanple ’ | o |
The next step was to try to alleviate the inbalance | It was
clear that adding more staff would provo 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 hat there was ‘not enough bed space to

§ Vo TR

'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 fro- tine zZero. The extre beds apperently

=,s,.

solved the proble-. Figure 5-6 shows the syste- after two hours and

5o Baig tarts

three ninutes of elapsed si-ulated ti-e Recall thet even with the

five—bed systen, the siluleted E. R appears to function snoothly at

'e'}' H Zis

first because at tine zero ell beds ere e-pty Therefore the sinulation

was allowed to keep running. and the tuo observers watched

CiE AENES - S S S O IR+ B

Several interesting aspects of the system became apparent es thew

3Py MR TEMmT BT JIDIALTY SEDS = el

silulation ran. First the cheracteristics of the verious types took on‘

U 5 SIS hw s 5l iE fled v e

special neaning with respect to their respective de-ands upon eveilable

resources Type 2 patients. for exalple, were interesting in that they
SRS O 5 B A F Rt T Y N
were not seen in the systen for nearly as much tine es the others. in
i e FRES N R ORI i

spite of the fact thet the errivel rate of Type 2 patients was Z 0

,(g,; R A N S S T L A R L x)_,g.,; e 3

petients per hour conpared with Type 3 at 2 0 and Type 4 at 0 8. Type 4'

- LoauW o jenr

patients.fon the other hand were seen in the syste- a surprisingly high

proportion of the time, considering their low arrival rate Type 3
5 i COT WA idnanun
patients were clearly the -ain drain on the syste- unlike Type Z

] T I SR I Gy osdal e

patients. they used a significant amount of availeble resources, while

';r

-~ i R ‘, £
Rt 3E

Fealy g g I0TR] 5 TR S EIITE BT Ay

their arrivel rate was as high as that of Type z Although the arrival
rates of the Types Z and 3 patients were equal' there seened to be more

T i N s s

Type 3 patients because they were in the syste- S0 uuch longer Dr Ho-

LE o -i‘ia’;’."‘.ﬁ

gielnicki renarked that if he were considering trieging certain types of'

o s pin b e gl I o
L SRR LIRS ST § B3

patients to a clinic in order to reduce the load on the systen. Type 2

) o oot Adnisoan des zaw avedt fafdl ad ny bso 2 SR L T
patients would not appear to be the type to choose. since they are in

and out of the systen 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 st"ates (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) ln fact at 6 13 (Figure

5-11), the E.R. was practically e-pty In spite of the fact that the

ey SR 3 e

number of patients in the nurse-blocked state see.ed to indicate that
another nurse would not have been wasted the two extra beds solved the
overcrowding problen of the five-bed systen - |

At this point Dr Hogielnicki considering the rate at which
arrival rates were increasing at the Calbridge l-lospital Emergency Room,
wondered whether this seven bed system would be able)to‘ support a
heavier load. Switching to Modify Mode (Figure 5-12), he changed the = -
arrival rate of Type three patients from 2.0 to: 4.9 patients per- hour,
thus increasing: the arrival:rate sf patisats of all three types from 4.8
to 6.8 patients:per hour.

The CONTINUE button:-was then hit, amd the simulation continued
with the higher arrival rate.:-: kyBﬂi. #11: seven: beds’ were Tull (Figure
5-13). Nurse-blocked states continued s be evidenti:- By 9:20, there 77
nere four patients in the waiting room queus:(Figare 5-14).: The two
observers began to suspeet that the: Mghdr< arrivaldrate sight be more
than. the system could comfortably:cope with. At: 18:10° the waiting room
queue had reached a length of ‘8 (Figure 5-15)s~and’ the ebservers decided
that their hypothetical emergency room wosld: nét:handle the increased

load.
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The question of how to bring the systen back into balance once
again arose. Dr. Hogielnicki decided that the present COnfxguration
might simply not be large enough but he was not convinced that the two |
extra beds had brought the system into~belence Recelling‘the

inordinate number of nurse blocked stetes thet hed been observed

I

throughout the sinulation. he decided to elleviaterthet problem by

edding two extre nurses, end then to continue the si-ulation.

o
FF :
- % i

The two extre nurses clearly lede a difference Nurse-blocked

stetes were no longer a prohlea In fect the syste- seened to be

S0 Fn mald
HEE Ty EEs L

- running snoothly egein. By 11 34 the weitino room queue length was down
to three (Figure 8- 16). end by 14 03 (Figure 5 17) there wes only one

i

patient in the weiting roon

5.5 $Statistics

.Recall from Chapter IV them~one¢eféthe display;dluttens controls:«
the display of sgatistics im SIMULATE wedsi; : For: the: cattrent: versien,: it
"has been decided that the following stetistics be displayedt -

- da: - number of putisats:who have bepn: treated:c U7, ¢

2. averags time in waiting reom: queue ..

3. average service time per patient treated - -

4. average blocked time .. - .- - .. ool el

5, - average doctor.tiwe. per-patient teeated.:. - ¢ ;o ooz
As described in-Sectiom: 5:1, items three aud foun-posedosome: difficulty:
in- their defimition.. The relevance of these fiwve statissics.is

discussed. ip depth in-Chapter IiI.
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Dr. Mogielnicki has suggested that it would be constructive to
add two additional sets of displayable statistics to the package (also
adding two corresponding buttons to SIMULATE mode). Thé first would
display the idle time (i.e. time not busy) of the various resources.
ThisAwould be expressed as a percentage of total time. Included would
be such information as doctor idle time and bed utilization. The
second set of statistics would itemize the causes of blocked time. Thus
instead of simply displaying average blocked time (as in the current
implementation); average doctor blocked time, nurse blocked time,
consultant blocked time and exit blocked time would be displayed. As we
have stressed throughout our description of the TIGERS system, the
program is intended to evolve with changing needs. This change

suggested by Doctor Mogielnicki is one example.
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CHAPTER V1:
PUTTING THE RESEARCH IN ITS PROPER PERSPECTIVE

6.0 Introduction

This concluding chapter attempts to summarize what TIGERS is,
what it is not, and what it might become. ' It begins with some warnings
intended to preclude possible misinterpretation of ‘the program and its
displayed output. It then Tooks to the ‘future, pofnting out possible
paths of future research suggested by the current work. Finally it

looks at the present, and the potential ‘offered by TIGERS-like programs.

6.1 Warnings .

A program that communicates with the ;u‘;sqr ﬁth_rqt'n_gh intuitive
channels in addition to more ‘rlgorous ﬁys can bo !@llllﬂblje, but
associated with svuich a progran :are »_ﬂli‘ynhe’t_thit{ dangorsof thc;h th;e:‘,user
should be wary. A TlGERS-like si.ulctian cnrrics pitfalls along with
its blessings Tho purpose of this sectlon 15 to point out explicltly
some of the more mportant for which one should be on guard.

The following point was ude in Chaptor IV but 1s reenphaslzed
here becausa lnstinct tends to uke lt usy to forqot‘ : as of t.his
writing the TIGERS dlsplay in sinulate nodo has nothlng to do wlth tho ‘
actual layout of the mrgency roo-'s facllities. That ls, the display
does not nscessarlly bear any reseﬁ:lanca t.o the lctllll floor plan of
the fncllity, nor do cny of the routlnes uhich mlaulate the varlous

resourcos take the archltecturo directly 1nto the silulatmn The fact,

for exalplo, that the x-ray facility is locatod three minutes' 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 calcuim the time that a patient spends
at x-ray. Such a nodel could bo built -- I nodql which would allow the
user to manipulate the possible arrangements of a facility. B;l; the
author contends .that the effects of the architscture related parameters
on the performance of the system are secondary mhen compared with the
effects of parameters considered in the present research.

Another critical point which we have mentionad befors but bears
reemphasizing is the. importance of basing decisions on a valid model.

It is easy to convince oneself that the figures on the CRT automatically

model the real world. Ve must continually remind ourselves that this is

so only if we take the troubls to obtain valid data. 'This can be the

most tedious tuk of tho lodclinq procosé; but 1t u:t not bo avoi.ded if

the model 13 to have vulue.

" ‘The TIGERS simulation lends intuition and thersfore

it gnor
3 «3#,; “

undorstanding .- 1nforntion it co-unicatos is not obscure | On ‘the

ssn 2i0d Yo czegupg a7 :J PR
other hand it 1: usy to bo lishd by its ishesrent crodibilit a
wd iy ot oY dpsfioasi o i
situation night sun s0 ebvious or rul on the screen tbat 1t boco-cs
L ognw Jrls 22

too easy to avoid qucstioning tho validity of the -odcl. The silpl:lcity

‘o osdem oL ebnst Fopiding wrusnsg Hoind

and clarity of graphicnlcco-miccuea is a mixed blcssiug It ‘becomes

nrn‘« 1T

Cods e GBS s o inlemie nk ysalgeib JulT eng pner o
natural to silply assula that what is boinc observed rcpresents a roal

oo mper yonsgaane ol

lifo situation The pheno-"éndn is southiag of an cxtonsion to thc well
2uy vk ket s

known "tho-conputer said it-thoreforeoit-is-trm' phanounon.win which

entooang Yooy

we tend to accopt facts as gospel sinply because t'k:y are printed on
gl phorrstidngs aHRT Touomunsh

computer print-oilt Gnntcd thisA ﬁhmm is obscrvod -ostly in its

ele g o wetliTeY wavenx gd% cer0 m v ove TOU

wn ,yisiiuet oo

s
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numerous exploitations by the advertising industry; but it is real, and

one should be wary of it.

6.2 Future ‘Werk

The current research touches several fields in which relatively
little has been done. “The idea of modeling systéms Similar to the
Emergency Room characterized by‘slall“iiﬁt”(iiiifiﬁ*aneEbuiidingﬁ and
great complexity has not been as popalar as moduling more expansive
systems. Also, the idea of interactive graphiéal simulatfon has been
used hardly at all, especially in the world of public sSystems. In
exposing the tip of several icebergs, TIGERS‘raisés many questions about

the parts still hidden.

6.2.1 A Valid Model

Before a tool like TIGERS can cpptf}butqifoygrds mgking a
hospital run more _qfficiently, it mst/ be bé;ed upop a yor}d léne treg
and paraneter values which have been provcn bnyond reasonable doubt to
constitute a valid model of the energency room. Such research although
it would ‘i_nvojlv»e nny hours of data gg;hgring, a!lfll aw_na{ysivs. ypuld. allow
the program tbok cho-e a Vpracti&él ‘tgolj in#ggéd of quaicadt{nic |
demonstration. | | |

A large class of unanswered questigns hgs ;o do wthﬁ <t\_he qature
of models of the E.R. Little is known, for vexup}l»e”,; ial;\pu‘t kthvek ma_r%givnalk
utility of detail. The whole issue of the(ngggé{ég‘;;d)of pos};iig)‘ B
marginal utilities of aggregation with respect to‘ ;uﬂel validity ﬁeéds
to be investigated. The example model implemented by the author was

motivated by the hypothesis that an E.R. model 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 eggreQefidg iﬁé; ell together
under the category "non-doctor service.®™ This is a reasonable.
hypothesis, but it has not been proven..-The mora.detailed.podel does
not avoid the need for aggregation, evem though. fewer. assumptions are
needed for the more detailed than for the simpler.ome. It is
conceivable. that the emergency room is.so.complex.that the additional .
detail introduced buys little accuracy over s medel incorporating only.
two classes of service. .Research intp which-factors increase the.
validity of models of the emergency rooms, espegiellé research..
investigating the marginal utility of detail, uould%peyygriivhile.

One aspect of the investigation mentioned above would be to
construct the "ultimately detailed" model involving a Qbfld“lide‘tree
with hundreds of nodes and brencﬁes.‘*Therae;:liéien;'oi suEﬁ’;%deteiled

' model would, of course, necessitate a lerhe affort, 'éii'ii&ﬁz*b?téf the
best solution to the problen of lodeling the en;rdenc;?}ebn ‘

It seems reasonable to'belieie‘§§e§;thex'be¥ieui‘ model would
fall somewhere between the two stege Herkel et al nodel and the
ultimately detailed lodel described ebove It wodld bevinterestinb to
construct several models at verious intermediary levels of deteil
Validity checks could be run and results could be co-vered ConceiVably
one night notice a level of eggregetion at uhich edditional deteil lade

no significant difference in results
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6.2.2 Analysis Routines

Another wortbwhile addition to TIGERS would be a set of Qﬁalysis
and optimization routines. At present t?_e user, viewport serves ta
indicate imbalance in the system, and the pr:?g_lja{n_?{,\:allogs the user to
~vary his trial parameters to attempt to overcoms thpimpalance But the
program does not of it;gl,f mg!cg__ anyanalysis or. ;gfgge;ti‘gns_.ﬂ I-t ‘\yould
be useful if TIGERS did have ka;x_a_ly;isﬁ‘c_:a:p?n}i?};ty,

For example, it might prove yseful for the progran to be able to

decide whether a user-implemented change has had a, statistically

significant effect on the systenm. Consider the t‘fgl}pg_iq:g%;ﬁsggpose that
the waiting room queue is seen through thﬁvg; viewport as obyiously too
long, and the experimenter postulates that adding a nurse. to the system :
will alleviate the probles. He sotices & spall ehangs in the queye
length, but does not know whether ﬂ}' chmggis lg{ge& ,jenqgégpl to bg
statiStically signifi}gggt.;, If an ran_lyks_g.s packagp ggyg}edu gqrt; of
TIGERS, it might incorporate the necessary tools for determining the
answer to _th}is, sign,ji_fﬁi_cance qﬁgest’i’on_,:: o

A more ;pphisticated analysis package might even be able to make
suggestions. Such a program WQlilClﬁt»IO:t:: only decide whether a change were
significant, but it might actually suggest the change. -Thus in the p
example above it might suggest that the experimenter try adding a nurse
to the system. —Implementation of such f. pagkage, weyld. ipyolys desiagn .
of a set of heuristics which make use ofﬁ_f‘_§§ag{l’g§4 statistics as accumulated

patient nurse blockes. time, accumulated doctor blocked. time, etc.
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6.2.3 The Analyst's Tool

The main research effort of the work reported here was directed
towards development of TIGERS as an ad‘ihiﬂrﬁiive‘@dcl and
communications medium. One can comsunicate with a ;ﬁrticdlar model on a
highly interactive level. Ome logical next step 1stocr;nte a tool
which allows design of models at tbosmlev'il of interaction. The .
present implementation of T'IGERS“{S based upon a sindle world line tree
which the author designed as a reasonable oxnplo A number of ;irt';wr
world line trees were possible, but ‘since the presént research was not o
primarily concerned with the design of a model, only one tree was
actually implemented (i.e. used to genei'a-tiva simulation). Although the
analyst might wish to impIement a Aumber of trees in the TIGERS
env_ironn""oiift.' such implementations are not nucosurﬁlynsy To some
extent, the ability to sot pirﬁgfé}'s to zero. Tor various types of
patient‘ allows limited "abf"lityﬂ to eX‘pefiudn"i: lwzith diai"’f;feiit" "'i"-or’ldl line
trees; but complete flexibility to change the tree does not exist.
TIGERS provides a useful set of subroutines and a highlyfunctional man-
machine interface, but there is no escaping the fact that changing a
world lirie tree into a working simulation cah sometimes be a lot of
work. o | 7

The proposed "analyst's tool® would' do this work. Essentially,
1t would accept as input a formulated world 1ine tres. It would then
gener‘at‘e the dbpi‘opri‘at@ S’ubrouiines and achl'fii‘ilfl'j write t.he sinulat:lon
program to bring t§ life the given tree. Thus the black’ box in TIGERS,
which now must 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 program is well within the realm of possibility, but we must
realize that we are discussing a project which would probably represent
at least as much effort as has already ,bu,qi_pxpendeq“t_l;us kfa_rv on the

current research. If it were implemented, it would extend to the

experimenter the same flexibility to experiment with various trees as

TIGERS now allows one to experiment with a given, !qgel

6.3 Why TIGERS?

" In this report, we have introduced the idea of the graphical
interactive simulation of a public systo@f‘“‘}k‘l"t‘hough’ the idea has as yet
hardly been explored, it seems to show promfse as a dridge over the gap
between the administrator and the technical shalyst. " "I"LTGE‘iiS‘ is an
analytical tool which can interact directly with the ‘administrator as
well as the analyst, and which hopefiilly can t:izii'd‘?br}-‘off serve as a focus
in co-ordinating the insights that both have to offer.

The simplicity of graphical comsunication is especially
important in the world of public systems. ~N¢ special ‘trdining is needed
to understand the language of graphics, and thus it wight serve to
communicate where other media q_is{h’t "pr’iWQ less fruitful. A hospital
administrator, for e‘x;npre‘;’ who must éxplafn to officials in city
government why he will need to expand Nis facilities to a certain size
'beforo the end of the next five years can lucidly wake his point with a
model that has graphical output. Furthermore -- and this point becomes
very significant in the public sector -- dﬁpﬁi’ts*;s dramatic. It can
provide persuasive evidence for demonstrating a need. Weak points andk'
bottlenecks in the system become obvious as crowds of figures start to

overflow the screen.



132

The intuition added by graphics becomes especially significant
in modeling a system such as the hospital mrgencyroom in which
balance is so critical. It was discussed in Chapter III that in the
E.R., an optimum amount of any resource is optimum only when in proper
balanceé with the other critical resources and with the demands made on’
the system. A thousand beds is l;i‘blihbly'\Lzh:df"ﬁi‘fdr’c ‘useful than ten if
there are only two doctors available. Graphics is especially useful in .
a system where a balance P‘?ﬁ% be struck among mapy suhaystems of a
complex system; the user viewport allows a view.of tha eatire system.

~ The hunan Qggiqu:g’r'i,pg_gspgcts of a TIGERS-1ike program are
important. The nature of the medium introduces psychplogical aspects to
the analytical process which are usually .,ma,gmtticta& or do not exist.
For exuple. mtoractive grapm.cs can add an dqp&nt of

flexiblity which is perhaps unobtainable thraugh ather. media,

flexibility which is desirable for a number of reasons.. First the user
can do much more useful work per unit time. .When he aobserves that the
. he can "flush® it

execution of the simulation is no longer intaresting
immediately, and waste no more time with it. Net surprisingly,
flexibility also encourages experimentatiqn,that he might, otherwise not
consider worth the trfoghle.l The user is encouraged tq he. creative
because it becomes easy to try new ideas. . Also significant is the
lmmediacy of reinforcement, which alse. encourages cragtivity. A user
often will not bother trying out mors far-fstched ideas if he has to.go
to any trouble to. implement them or wait for rssults, and yet it is well
known that accasionally a far-fetched ides will furn, out to be the

beginning of an exciting new way of looking at something.
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Another human engineering aspect of the TIGERS-like program is
the very fact that such programs are more interesting to work with than
the relatively dry non-graphical packages. Administrators are often
loath to become déeply involved in rigorous analytical methods. The
graphics medium makes the subject considerably more palatable.

Dr. Mogielnicki has pointed out that hospital administrators
are often mistrustful and/or uninterested in the more technic;l methods
of analysis, even though such methods might sometimes be applicable to
problems facing thenm. He suggests that a TIGERS-like program might
stimulate interest in such methods, because such a program cannot answer
all the que;iions ﬁhat it raises, and thus stimulates an interest in
tools that can.

The hardware upon which the present system is implemented 1is
currently too expensive for practicil application in most situations.
but graphics technology is developing rapidly and is fast‘entering the
realm of practicability for smaller installltions" Both from the points
of view of the analyst and qf the public agency decision maker, the
medium represents a potentially constructive addition to the field of

public systems analysis.
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GLOSSARY

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.

Primary Care
That part of the health care system which represents
the patient's first level of contact with medicine.

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. ’ '

Service 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.

Triage Nurse
A nurse stationed in the emergency 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 treatment room.
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APPENDIX A:
DESCRIPTION OF THE TIGERS PROGRAN

A.0 Introduction

In this eppendix, the actual progranning of TIGERS is discussed.
The deta beses are described. end the routines thet uenipulate them are
expleined in depth. Although the appendix is rether complete in its
discussion of the various subprograms unicn comprise TI?;RS.Vit_does
not, of course, replace tne iistinplof tne ér°QIQ§»}£f?1:Cy But exeept
for the reeder whokintends to‘nodify_theiprogrep,’eicopyﬂotethe listing
is not a necessity. | |

Describing a program is difficult in that it is almost ,
impossible to avoid alluding to topics not yet covered but forward
referencing hes been evoided to as large an extent es possible The_‘
structure of this eppendix is such thet the broeder. end generally nore‘
important topics are discussed first. The reeder yho is interested‘
only in getting a qeneral feel for the progranm need read only.the first
part.belthough he nei wish to skip etterwerds to the description of the
graphics handling routines Section A 7 2 night elso hold special
interest in thet it describes, along other things. the algorithu upon
which the currently ilplenented nodel is besed The reader who is elso
interested in deteils of the progren will went to reed the uhole
appendix.

This appendix serves two purposes: 1) it ellows the interested
reader to exa-ine to almost any depth he cnooses how the TIGERS proqre-

works. and 2) it allows the anelyst who is interested in working with
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TIGERS to become familiar with the protocols of how data structures nre
set up and manipulated, and to discover wesources that the program

offers hinm.

A.1 MUDDLE
Every effort has boen made to koep tho discussion which follows
indopondent of the MUDDLE language in uhich tho progro- is written. But
occasionally it becomes nocessary to use a phrsso or tno of the lanquage
to clarify a point. We thorofore outlino horo a fow essentials which |
will clnrify tho roforonces to HUDDLE ‘which are lado.‘a‘ T
MUDDLE is a so-called list proéc;sin; icninoje%bnsoo upon
certain types of data structures. A group of objocts(onolosooﬁin
parentheses forms a list: I
(<object)> <object) . . . <objoct))
A list can be coaprisod of no objocts (tho o-pty list) or -any obJocts.
and tho obJocts con be of vsrious tyvos“sooh .Q"éu;52¢sf ;ariables. o
vectors, or other lists. | . ‘“ |
A vector is similar to n‘list.4outxi:3iskonol§sodto&kornckots_
instead of parentheses: | | B
[(obJect) <obJect> ; . . (object)]
s FLog

The difforencos botwoen the two typos of structuros have to do with the
VT M GO S Y ;

manner in which they aro storod in tho co-potor. Tho objocts in a

vector can be chnngod oasily. whoroas tho nanber of obJects in o list

can be changed easily. T
Tho structure which is used to indicate function application is
the form, which is dolinootod by anglo brackots (()) Tho first olenont

of the form is takon to bo the name of tho function boing applied while
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the remaining elements of the form are taken as arguments. Thus the
form ; N |
<FUNCTB 1 2 A>
would apply the function FUNCTB to the arguments i. 2 and A. 'l"he’forn
(SIHULATE) | “
would execute the function SIHULATE which takes no arguments
Variables 1n HUDDLE can take on two valugs, the local value
(LVAL) and the global vnlue (GVAL) Tho LVAI. 1: assigaed by the |
function SET, while thc GVAL is assinned by the fuaction SETG Thus
CSET V1 ©
would assign the local value 4 -to the veriuble VI, and
~ <SETG VI -DOG>
would assign V1 the global value DOG. ﬂm?m'nhﬂs .of a variable -
might be anything -- other variables, nusibers, méofs;*"ltsts. etc. -~
they are not restricted te being‘Msf The local value of V1 cén be
referred to as ".V1*; and the global value, as ",V1". Thus after the
call to SET above, "V1* 4eva1ua‘tes to V1, but ".V1" evaluates to 4.
Certain functions in MUDDLE oxist tc mtpuhto lists. This

set of functions lends great pwer to the : llngum but we discuss here

only a very small subset. The: fuactioa Im m}.id to a list returns

the n'th element of the list, where ﬂa uss is t&e ﬁrst argunent to
NTH, and n is the second argument. NTH is generally called using a
shorthand notho(i: by "applying a mmber to a list, the n th ele-ent of
the list is obtained. Thus if we said to HUDDLE

CSET LISTA (79 CAT 2.8)>.

Then
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a s
returns 79, and A
<2 .LiSTA’
returﬁs CAT. - :

The reader should bear in nind that this discussion of HUDDLE is

S TR LI L Aeivw 374 ﬁjﬁé eaEiyend el gy
non- rigorous and sarves only to clarify corttin phrases used 1n Appendix
B IEISERT SoTEC T I O TT e e
A. The reader interosted in HUDDLE should consult Grogory Pfister s A
MUDDLE Primer?, 1n which the languagonis éxpliinad'in dopth.

A.2 The Events Scheduler
The heart :0f TIGERS -is the -events :schaduden,:mhich is named,
surprisingly enough, SCHDLR. -Itwig «iimcessed in greater detail in
Section A.6.3, but we introduce it here. . in oeda:to:underssand .the . .
scheduler, :one must first exaxine its associated data hases.  Its three
key ;structures are the patient, -the:avess, and the achedule. - - -
- The -patient :in ‘the TIGERS emvivenment:is represented by & vector
of the: following .eight codponentsy -~ic v “ IV e T
1. ‘Number -of dector:visits ..
2. Pointer to bed location
3. Conflict Blag. (Sdction A.Z.8): - . oo
4. Time of arrival
8. :-Time of éeatrance:T0 main._traatsant room- .
6. MHMinutes of doctor time

e Minutes efiiblockeditime - o
8. Patient typo

. £ B ¥ ey Lamhas oadr g0om fooy .
The euent is a vector of length three with the follow1ng format.
[(time) <routina) (patient)]
The <{time> is the time at which tho schsduler is to execute the routine
i< STy ATAIL YIR

{routine>. <{patient) is the patient that is of primary concern to

{routine> as it executes. This patient is generally referred to as the
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current patient

The schedule 1s the llst of events to be executed” 4there is :

2L ST ol dueyoEm

only one schedule, so it has been a-ven a neme, SCED. ~ SCED is an

B <Jo.,;‘

ordered list; the elemeots (i.e, event;)‘areherreogeq_sooh t@et_;he

events whose associated rout1nos aro to be executed first are first on

NN

the list.

It was stated in Section 4 l thet TIGERS is an event paced L

\’Xi
+

simulattonzln wh;ch the,scheduler °3‘°“;?‘,f9?5}99‘ e§soc1a§ed‘with

events wh1ch manxpulate the dete hases and generato,nore events. ,A,

T ohel

51mu1at1on run under TIGERS is basically e loop whieh repeatedly calls

SCHDLR. (Th1s loop is desribed in Section A 6 1 ) SCHDLR does the
following:

1) Delete the next event from SCED.

- 2) Wait ¢if necessary) until: tﬁe‘*ssﬁlaﬁd’v time 14 equdl to
the time of the event.

e d % 7 oreif £ S
fa AT HERE G

3) Execute- r.ne auoeiaed roet&ne

&Y OZDGD 0k 2 i3ids

4) Return to the routine (not executed by SCHDLR) whieh
called SCHBLR.: s T

The "wait® in step 2 is not characteristic of the event paoed"‘

w.f,

sxmulatlon But because one of the reisons d'etre of a TIGERS-like

sistens 1l eousup Sund s
s1mu1at10n is to lend intuition. it is desirable not only to naintain
B BEtad e g 8hs yads sEpeta ARARTT eds o7 Lvseoow
the proper order of execution of events. bot also to neintain a
N ,{, EETIEY i i,\;(.‘g Fx f{;*':_'j"» RN L.
simulated temporal flow. The progren therefore neintains its own
# Frmiiew £ RIfieaun Lo i

sxmulated tine stream The ratio of the saeeds of simulated time to

Bl HID IRV IT gaT ta R
real txme is one of the peraneters uhose velue is set by the user. (The
. - A

[ B

speed of the computer limits this ratio to a nexinnn of approximetely '

sy b £ 5T
ES R0 _;_“, tE 4 3 ‘ﬂﬁ vy

4 ] - T TR S}

one hundred.)
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To say that a routine gencrates another event, is to say that at
some point in some routine it is decided that some other event is going
to happen at some future time. In order to realize execution of this |
future event, the routine must inform the scheduler. Tﬁoisteps 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 in its
proper place in order. The’utiiity function'nhich anv»routine calls to
send an event to the scheduler is called ADSCD (ASéﬁto”SéheDuler),

ADSCD accepts the three arguments of'tile routine.kend patient;
generates the vector. ‘and places the event in its proper place in the

list. ADSCD and SCHDLR are discussed in detail in ‘Section A.6.3.

A.3 Other Key Data Bases

In addition to SCED, there- are sight other iuportgnt data bases:

1) queue of patients in waiting room (HAITQ)
2) queue of patients in beds.waisiag feor a .dector-(PRQ) .
3) queue of patients in beds weiting for a nurse
(NURSQ) - Lo
4) queue of patients waiting for x-ray facility (XNQ)
5) BEDSTR
6) CNTSTR
7) PDFSCH
8) PROBSCH

The four queues a11 operate in a first co-o-first- served
’ IR S S E Y 5 “
manner. In the TIGERS progral they are structured as lists of patients.

and they are -anipulated by two utility functons » The routine ADTOQ

accepts two argunents, a patient and a queue, end appends the patient to
the end of the given queue The routine LEAVEQ accepts one argument. a‘
) PR RN T *’:zgwj“ - .

queue. and returns the next patient in line. These routines are

discussed in greater detail in Section A 6 4
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Note that the queue of patients wai;;ng;for lqbﬂtest re;ults is
not on the above list of data bases. ‘This @s“bgcause'inKthercur(ent
implementation of TIGERS, the lab qugneaishnot,firstigqmg-first-§erved.
Rather, the lab is vieqed‘simply as a black‘box‘;orwhich requests are
made for service. (The time that it takes to honor Such a Eequest.‘
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 qllvpfwthg‘iq(oc@a;;qn<whi§h-}s;
dynanically disp;ayed on ;pe TIGERS_@;;playqﬁfingtggs#muiatiqn, ‘These
two structuées are of such a form thaﬁ thé;infdrﬁatioq>;hat they contain
is accessible by both the simulatign fou;iqg;;and_zhe‘grgphics routines.
The form of CNTSTR is: | j I

© fababab ..l
where a is always o.or 1, and b contains § péramefervyalge. ais
strictly for use of the graphics routines: when a is 1 it indicates
that the associated b has been changed since the screen was last
updated. and that the value ;hould be updatqqzqn th Qisplgy. CNTSTR in
the present implementation of TIGERS, ;Qntains‘gix‘pargnetgr value pairs
(o by: _ R _

1) length of X-ray queue

2) length of waiting room queue

3) number of nurses available_

4) number of E.R. doctors available

5) number of doctors on call

6) number of patients waiting for lab reports
BEDSTR, which contains information about the main treatment room, is a
vector of the form

where a is as in CNTSTR, and b, ¢, d, and e define the state of one bed.

e e e R S D e D L e RSB 2
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'Recall from Section 4.2.2 that each bed has associated with it four
fields. b is associated with field four. 1in the present implementation
of TIGERS, field 1 can be in one of three states; field 2, in one of
four; field 3, in one ofhseveh; aodﬂfieid44. in“&ie*B?“¥ahé. 'fhus'g can
be either 1, 2, or 3; ¢ andwe. an integec between 1 55& 4, ihciosive;
and d, an 1nteger between 1 end 7 inclusive (seeHFigures 4- 4 4- 5 4- i
6). Note that TIGERS knows the state of a patient hy‘examlning the
states of the fields of his assocxated bed ’ e e

The structures PDFSCH and PROBSCH are associated with the world
11ne trees of the various types of patients in the TIGERS system.
Sect1on 4 3 1 describes world line trees and explains how each node ii
associated with a probability distribution function andﬁeach“bhanch ﬁith .
a probability. The program manaﬁes this fhéoémgéion by associating with
each world line tree two vectors one containing the prob;bilit1es |
associated with all the branches the other conta1ning the means of the
probabllity distrlbution funct1ons. Thus each‘node and each hranch of
each world line tree is assocxated with a position tn a vector;

" Recall that one world liﬁe“tfee isi&igoé{aié&‘iiéﬁ“AAEhio%‘tﬁéfﬁ B
types of patient in the TIGERS model. PDFSCH is a vector of n vectors,
the n vectors containing the-branch p;ohahi;ii{ééiéizégeéﬁ éggésiofi
patient. PROBSCH is alsc a vector of n;vectocsiﬁthegeie;énigééf;each of
which are the means of the pdfs. Thus gﬁﬁ#égﬁ gééf§§§§C§?s£§§§1;11¥the
numerical information associated with any world.line trees in the model.: -



147

A.4 Classes of Functions in TIGERS

The purpose of' ‘this section is to introduce the various types of
subroutines that cdmprfSe“theTTIﬁERS’pfgyfaé:;“ff§§i§§c§§§33'?blloﬁing
will examine these subroutines one by opé. | |

Before discussing the various fuictiodis @hd types of functions
in the program, however, a word on‘notqt1¢ﬁ7;;;1ﬁ‘éF§grE*‘tor ease of
discussion, we nay;ségak‘of 'éggcntgég;§§:?§?§£;:;??%Sﬁ}%s?afsinpler way
of saying "executing the function associated wii&ﬁaﬁﬁﬁvéﬁil‘.7Also‘the
reader should reggrd*the’wprdsiifuﬁétibﬁ;‘ ?F&qg?nqif‘and"subroutine'
Qs synonyms. Routlngs in TIGERS také“Vaf}ﬁu; pqibéfs bfﬁarguéents, and
some return“vglpes.'\ﬁut function Chgrittéfiigiéiféi3}hb@fia&i“avgéent
by explicit explanation or from context ~-- nﬁt by any‘naminé convention
which differentiates among the three terms. '~

Within the TIGERS program can'be fobnd the following nine
classes of functions: |

1. Event funétions are routines’which are a part of the’
simulation per se. These are the routines that manipulate
the data bases which représent aspects of“iné @ergency’
room. It is event routines which send events to the

scheduler, and it is also event’ roﬁ%thts ‘whigh” are executed
by the schedulor

2. Random variable Junctions (r.v. functions) are functions
which use random neiabér génerators to generaté random values
of random variables. They are used by event functions to
" decide which' branch of a world 1ine tred’ is'to'Be followed
by a given patient at a given time. It is r.v. functions
which introduté randomness into the sitnlition. '

3. Simulation functions are functions such as SCHDLR which,
although not event funcions, are an integral part of the
simulation. : .

4., Utility functions are useful aids to the programmer who
is constructing event functions. They provide something of
a meta-language within MUDDLE whith Yaéilitwtes the writing
of event routines.
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6.
‘maintain tho dynlnic display.

7.
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Time functions maintain the simylated time.flow. .

Graphics funchions manage.the.pictures, o8 the scope and

Button hcndliug functions afe‘r6u£i§3§¥;§iéh 5?é“éa119d

_____

Interrupt handling functions are. qgt;aegs lch are

' cailed whenever a clock interrupt is gcacratod y the
-Gomputer's interrupt gxszozi nl:ys&q& 2 update the.

clock and 2) decide which
. whem:buttens.are hit, . . .

tton haad ncs to call

g,. & . =L

- MUDDLE fynctipns are standerd avitheetic and structure

manipulatinn functions which are 'huiit in* to MUDDLE. They
are used to-construct other fupgtions-ef:-all types. -
Althougb they are absoluteiy essential to programming within

TIGERS, they are not;discussed. fyrther.in.thig report, and
are included in this list oaly for co-plcccncss (l]

I . : f . v

Not all TIGERS functions. fall ynigusly inkp ope of these ning .

classes, but generally the classes arp distinct. -in. $he. following

sections we examine TIGERS subroutine by subroutine.  All.of the major .

functions are discussed, but for.some of the. .ps;ﬁgiaqr.»the program

listing

should be cpnsultod ;‘ 1; iii‘.t,ﬁ

f*‘rvfnglﬁv $§3 funstion; will

list.

written

Where useful, flowcharts are provided and/or th exalple’of‘how
each roﬁ;ind i3;1h93k§ﬁ ié'gi3§p»v Aiggﬁ
of the eﬁfects nf gnlling the rou;ipe 1; al;o.giysgg HTkgsg;spctions are

, gﬁcrwsggnte, an_example

as an aid to anyons plancing. to writh, Brpgrems in'the TIGERS

environment.

Eivgp iy rie Y Ty

RN

A.5 Hanipulation of CNTSTR and BEDSTR --

Utili

long VAD. VAL, 0D, 324, 908).
nansm m cumn au a vam mmx ms of. unzas ~ Any

simulation within TIGERS references them frtquantly; 1t 1s therefore
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highly desirable that manipulatipn qf these_critigql Qgta bgses'be_asi
simple for the analyst.as possiblq. Tpe rﬁﬁtipg;;UPD, YAL. ADD1 ag@
SUBt'exist for this purpose. I o o

UPD is a function for nanipulatzng BEDSTR It takes three
arguments, the third of which 1: optional The first two are integers,
while the optional third is a patient (vector of langth eight) ;f»thg
third argument is not supplied the current patient is assumed Tht
effect of a call to UPD 1s to set the field 1adicattt by argl in the bed
associated with args to the value of argz Also UPD sets the bit wbich
informs the graphics routines thatvthcy shogld 1nd1cate the change on
the display Thus if BEDSTR currently looks likc this .

[0215302113021520226302154], .
and UPD is called:
<UPD 3 4 .CPAT>
where .CPAT is the patient in bed 3, thenﬂB;DSngis changed to:
[0215302113121420226302154]

Thus the status of the patient in bed throo 1s changed fro- being
treated by a nurse to waiting for a doctor Furtharlore. the next tipg
the graphics routines look at ﬁEDSTR, they will notice the 1
(underscored above) and then reset the 1 to 0 and ‘make the correct
change in the displayed status of bed 3.

VAL, ADD1, and SUB1 are functions for marifpulating CﬁTSTR.
Recall that CNTSTR conitains the values of certain parameters, and that
CNTSTR also. contains information for ‘the graphiecs épd&ting routines.
The routines VAL, ADDl, and SUB1 make it-easy to refer €o¢ tlé-eléments

of CNTSTR by separate names without being concerned about the graphics
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information. Instead of XQL referring to the ectual value of the
length of the x-ray queue, it ectuelly points to the position 1n CNTSTR
where this value resides. The call | k

: | <VAL XQL)
returns the length of the X-ray queue 81nilar1y <VAL HQL) returns the
length of the weiting room queue, and so on for NNURS NDR NONCL and
.LABQL (See the description of CNTSTR in Section A 3 ) ADDl is used

'for incrementing eny of these velues, lnd SUBI for decrenenting Thus

-
< 5
3 [

1f CNTSTR looks like this
[000-201020101],
and the analyst wishes to increment the number of pnreee:available. he
uses ADDL: R
<ADD1 .NNURS>.
CNTSTR then looks like this: .
[000-21202010 1]
As with the change to BEDSTR, the graphics routines will -ake the 7
appropriate chenge in the displey, and reset the l (underscored above)

R R

to 0.

A.6_ Simulation Routines

A.6.1 SIMULATE

SIMULATE 1is the.main simulation leop mentiemed in-Section A.2.
It is fully explained by the flewghart.in. Figwre :Ael. ISTOPBIT is a bit,
which, if set, causes the program to-exit from -the leop. ECOUNT is.a

count.of the .number of events executed. =~ . -
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INIIALIZE -
SIMULATED
| TIME T70.0.

;

TURN_ |
STOPBIT |
OFF

NITIALIZE
THE

'

SET
INT. LEVEL
TO O

l

| .SCHEDULER

SEND INITIAL |
INSTANCES OF
NEWP TO

ACTIVATE
CLOCK.
UPDATER

l

CALL
SIMULATE

‘-

CALL
| SCHDLR

SCHEDULER|”

RENTNE, {4 L B ;
i SERBIR |

| e

NPASS

Figure A—| Flowcharts of RSTART, START,-and SIMULATE
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A.6.2 Starting the Simulation -- B
RINITIALIZE, REINIT, RSTART, and START

Before the SIMULATE loop is entered ati the beginning of a
simulation (as opposed to re-entered afteﬁ hwinq gstQpped an already

executing simlatioh) the simlation must b@‘iniﬁii_ﬁzed.: First the

user hits the IﬁITIALIZE button on the display, ‘l‘his cause executioli of

‘the ‘routine RINITIALIZE, which does nothing ahlt ctll REINIT and NPASS.

REINIT does the following:
l. mitnuze BEDSTR -- all beds rtro&, -

2. initialize CNTSTR -—- waiting roo. Clpty. all resourcns
available, , « :

3+ 1initialize ail cumulative statist.ics%

4. 1initialize all first come, ﬁrat nry;g,.w“ (see
Section A. 3) -- make ;hn all empty I;st; o

5. initialtu ﬁsplq of all cmlu‘iu stitistics.

NPASS, the roﬁﬁ_no which updates the di;b'la'y‘“;;gf;afi;bct changes m o

CNTSTR and BEDSTR, is discussed in Sectjon A ‘6: After the user has it

the INITIALIZE button, he starts the simlatigl by Mtting STAWI' This

causes execution of the routine RSTART, mich,e\doos the followmg' i

1. Call START.

2. Call NPASS.

3. Initialize count of events executed (ECOUNT) to 1.
4. Initialize the interrupt haﬁdler which updates the clock
in the display. This clock updating routine is called
UPCLOCK, and is described in sgctioq A.11.

Emter the. simulate loop by calldny: SEMULATE .
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The routine START, which is the first routine called by RSTART,
does the following five steps:
1. Initialize ;he simulated time to 0.
2. Turn off STOPBIT (in case it has been left on).

3. Initializa the events scheduler by settiun the ‘initial
value of the schedule. The statement

<SET SCED
([<+ .Nog
CEXPDIS </ 60.0 <2 .LAMBDAS»>»»
'<NEWP 2>
[o0o00000 2110

declares that SCED is a list of length one. Its one element
is the event vector whose elements are the time:that the
event is te be executed (calculated by calling EXPDIS); the
routine NEWP uhich generates a patient arrival (Section
A.7.1); and thn dummy patient vector [0 00 0 0 0 0 2].

(NEWP is ORSE- of the few routines which has no "associated
patient”.)

4. Géherate and send to the scheduler instances of the
event NEWP, so that patients of all possible types will be
generated.
5. Call the scheduler. This executes the event NEWP just
sent to the scheduler. NEWP of course generates other -
events, and so the simulation is on its way. )

Flowcharts summarizing the entire initialization procedure

(RINITIALIZE, RSTART and routines that they call) are given in Figure A-

2.

A.6.3 SCHDLR and ADSCD

The events scheduler was introduced in Section A.2. The purpose
of this section is to describe the routines SCHDLR and ADSCD in greiter

detail.
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C START REINIT )
(START RINITIALIZD l :

, l N ) VSET ?gosm |
CALL " [AEE>BEDS FREE|:
REINIT

YT | INITIALIZE
NPASS . CNTSTR

[ sETALL.
{:LMULATIVE

FOSTATISTICS
TO ZERO

RPN ) ST

INITIALIZE
CALL

: FLFQ QuEuEsf N
“INITIALIZE |

SPLAY .. |
GFngK‘fI’STICS

Figure A-2 Flowchart of RINITIALIZE and REINIT



155

A flowchart_ for SCHDLR is given inFiguroA-a. ,'Recéll that if
.L is a list, then <l .L> is the firsi element of the list, <2 .L> is
the second element, etc. ‘ ;

SCHDLR takes no arguments. When 11: isc’innd. it removes the
next evqnt from the list SCED; Qaits. if i;am.«“siiif‘sﬂr;{u»uLaxet;m;es the

routine associated with the event. Consider for ‘mple. a state of a

simulation in TIGERS where SCED is as fouw:::vw L

([37.685173 <SNDNS PRFD> [0 6 0 37. 685173 37 6@5113 0 0 3}]
[92.209408 <NEWP 3> [0 6 0 37.685173 37 mi?a i | G 3}] '
[96.171992 ‘

<FRDR> ,
[1 10 18.469403 18.469403 66.055544 0 3]]

[97.171992 7
<SNDXR> : TR
[110 18.469403 18.469403 66.055544 0 31 = ~

[107.17436 o ) o
<NEWP 2> f
[1 6 0 24.505186 24.505186 .69831634 0 21} . . . -

[483.71264 <NEWP 4> [0 0 0 0 000 2]))

If at this point the program calls SCHDLR:
<SCHDLR> :
the program waits until the sinulated ti-e is m‘euer than 37.7 ninm:es
(if waiting is necéssary), and then the ovmt RSN |
[37.685173 CSNDNS PRFD> [0 6 0 37.685173 37;665173 00 3]]

is removed fro- SCED, and the routine NM is cxecuted When SCHDI.R

returns to the cauing function, SCED is t:w nming 1ike this:
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( "START SCHDLR - )

DEFINE CURRENT
EVENT (GEVENT) |

<| .SCED>

I

DEFINE CURRENT | |  Figure A-3
WORLD-LINE TREE| Fldichart of "SCHDLR

AS THAT ASSOX
wam CUR,"PAT. |

]

REMOVE
<| SCED>
FROM .SCED | -

I P "”" ey

Cwar uNTIL | EXECUTE
L TIMERO-URBSTE] . o wities mne 0 o)
CLOCK DISPLAY 2 CEVENT >

!

UPDATE
CLOCK

DISP LAY
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([41.656325 <FRNRS> [0 6 0 37.685173 37.685173 0 0 3]] *
[41.656325 <PRFD> [0 6 0 37.685173 37. 68517¥ 00 3]1 *
[92.209408 <NEWP 3> [0 6 0 37.685173 37.685173 0 0 3]]
[96.171992 SR ‘
~ <FRDR>

[1 10 18.469403 18.469403 66.055544 0 317"
[97.171992 ¥ -
<SNDXR> , o
[1 10 18.469403 18.469403 66.055544 0 3])
[107.17436

<NEWP 2>

[1 60 24.505186 24.505186 .69831634 0 2]]
[483.71264 <NEWP 4> [0 0 0 0 0 00 2]]) '

Notice that in addition to the fact that the‘first event from before the
call to SCHDLR is no longer there, certatn o;;er cvents (indicated by *)\
have been added to the list. These new events were gr?fted during the
execution of NEWP; ADSCD was ctlled te erc&eé iﬁbﬁ!‘ﬁc% events and send
them to the scheduler.

ADSCD does two things create anonent vector; and insert this
vector in SCED; The function takes thrce argu-ents. a time. a routine.»
‘and a patient. The thirﬁ argument is optional, gnd if it is not
~supplied, the current patient,%§ aggggqqi *Ihg»cill | |
<ADSCD 41.656325 '<FRNRS> (0 6 ? 37.§8$tz§ éz.éasgza 6 Qﬂ3]>
would cause the the first{event;narkpd by * ébott’toth §engr;ted and

added to SCED as shown.

A.6.4 ADTOQ and LEAVEQ

Recall that first-cone-first-serveﬁ queues are Simply ordered
lists in TIGERS. ADTOQ and LEAVEQ, introduced in Section A.3, are’ the
routines used for mariipulating theésé queass. The roatinés-are simple,
but it will be constructive to give examples of.thcfr*éie‘and of effects

of their use. Consider a point in a stmulation in which all beds are
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occupied and there is\a»queuq-ofxlengthrfour in‘the'waitina;roong The
TIGERS waiting room queue, WAITQ, night lookrliké thiéi

([0 00 47.946094 0.0 0 2]

{0 0 0 49.379954 0 0 0 3]

[0 0 0 53.499452 0 0 0 4]

fooo 59.359199:0;0,0a3]) R
Say it is time 63.740902 and the event NEWP, which gonerates new
patients, is executed. NEWP not1cos thatavhore arqfno frﬁﬁubedsa lﬂd
adds the new patient to the queue by callinq ADTOQ

B <ADTOQ WAITQ [0 0 0 63. 749902 000 3]>

After the call VAITQ is larger

(CO 0 0 47.946004 0 0 0 2]
.. [0,0.0.49.379954 0.0.0 3] .
[0 0 0 53.499452 0 0 0 4]
[0 0 0 59.360199 0 0 0 3]
[0 00 63.740902 0 0 0 3])

Say a few ninutes llter a bed bocones free. then “the routine CALLIN is
called to 'call 1n' a patient fron the waiting roo- : CALLIN uses the‘ |
function LEAVEQ to get the *next in liné"fﬁén'thd‘queuei

<sn"‘ﬁp <L£Av1-:qumrq» e
At this point' .NP is equal ‘to (0 0 0 47 946094 0 0 0 Z]. and CALLIN has

g :: [

its new patient Furthermore HAITQ has been updated to

([0 0 0 49.379954 0 0 0 3]
[0 00 53.499452 0 0 0 4]
[0 00 59.360199 0 0 0 3]
foo006 000 3]

3.740902

A.7 -Event Fumctions

. 1o this section we discuss the_gwent fupetions currently
available in the TIGERS environment. It is important.to keep in -mind
whilg reading it that.most of these functions are designed aroupd the

model described in Chapter V. That is, the event functions, at least
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the less general ones, are necessarily related to the world line tree
being implemented. It 1s»d1fficu1t to say which‘qf the existing
functionS would be obsolete -- or which would need to be rewritten, or
which new functions would neeﬂ to be added -- if some other model were
being implemented. It suffices to remember that the program is intended
to evolve to meet changing needs.

There are some ‘definitions and phrases that"sﬁbuld‘be kept in
mind in studying these events. First recall that all event functions
are executed only by the scheduler, and that associated with each event
function executed by the scheduler is a b&tiﬁnt.iiTﬁi event functions
are written assuming the existence of this‘bﬁiiont;'in the context of
discussing an event we shall refer to this patient as the chrreht
patient and to the associated bed as the curreant 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 increment involved.

2. Use ADSCD to create the event and place it in its

correct position in the ordered list SCED.
Also’we shall sometimes speak of sending an event to the scheduler "tr
be executed immediately.” This simply means that the scheduled time of
execution of the event will be the current time; thus the event will be
executed immediately after the current event. Sending an event to the
scheduler to be executed immediately thus. avolds having an event

function called by other than the scheduler.
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Finally recall that four fields:;fe associatod‘with each bed.
The utility function UPD, which updatos the values of these fields, will

occasionally be used in this discussion, especially 1n the flowcharts.

A:7.} NEWP
NEWP (NEW Patient) is the event function which generates
arrivals to the system. Unlike most event functions. it takes an
argument, the patient type of the patient to. be generated. . Execution: of.
NEW? effects the simulated world in two ways. - First a new patient of .
the spspifigd type appears 1n,gheﬁsinula;gdfgggrgggsy%§Qop,ragussti594sa
trea_tgog{ts The patient is either assignsd to. a. bed. apd. a_purse, ,.or.‘-/ if ..
one or both of these are not available, the patisat.enters.the waiting
room queue. The second major job of NBH{ 1s\to .perpptuate itself so
that more patients wil; arrive in4t9§‘fp&urp.7; hisi};_gcsynplisbes by
generasing a new NEWP and sending the event to the. scheduler.
The algorithm of the routine can be_described by the following
steps: T o
1. Generate a random value of an exponsntial .random.
variable. Use this value to. dotgm;w ;gbe,,grriul time of

the next patient of the current paticnt type.

2. Call ADSCD to create ‘the next, .instance of MEWP for the.
current patient type.

3. Create a new pltient (recall that a paticnt 15 described
by a vector of length eight). o S :

4. Increment the number of patients ;gﬁthg.s;;tem.>

5. |[If there is a waiting rooa queue, .add the npw patient to
queue. Then return to the scheduler. If there is no queue,
proceed to steps 6 and 7. <. . . ce e

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
nurse to that patient.

Since each NEWP perpetuates the arrivals o'f,onvl,y‘_one type of
patient, it is necessary for the initialization routines to initialize
SCED such that one instance of the arrival of each type of patient is
scheduled. Thus for a model with thrqerpatigni types, the initial
schedule might look like this:

([3.5183036 <NEWP 3> [0 000000 2]]
[53.986576 <NEWP 2> [ooo0o00002]]
[347.16065 <NEWP 4> [0 0 0 0 0 00 2]])

After SCHDLR executes the first event on the schedule at time 3.5183036,
the schedule might appear as follows:

([3.5183036 <SNDNS PRFD) [

010 3.5183036 3.5183036 0 0 317
£7.1731240 <NEWP 3> [0 1 0 3.5183036 3. 5183036 00 3]]
[53.986576 <NEWP 2> [0 00 0 0 0 0 211
£347.16065 <NEWP 4> [0 0000 00 2]])

Note how the event NEWP executed at that time perpetuates itself
by creating a new similar event to be exe;utgd qt_g;!e‘z,1731240.A_The,
event <SNDNS PRFD> was generated to call in a nurse to treat the new
patient. _(He might rehark as an aside that Type 4 is apparently a .v.e'ry
rare type, since th‘e firs_t Type 4 qrriyal is not sch,pdqlpd until Alnost

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 1s.ready to be seen by a doctor. This might occur
Just after a patient has’ been admttted~to‘tﬁt'iunfghncy‘rﬁbm, or upon a
patient's return from x-ray, or upon any riumber ‘of 6¥ﬁér occasions. The

exact time is, of course, a function of the model that is implemented
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(hereafter referred to as the curreat model) . _.;PRF‘;Q.‘ nmore triau-any other
event, is dependent upon the current model, for it is PRFD, or at least
its subfunction ASSIGH which 1s always rewritten with each
implementation of a world line tree. Oversimplifying only a bit, one
might say that PRFD in a TIGERS simulation has the following tasks:

1. If a doctor is available, assign this 'dé:'cto’r; to ‘the

patient; if not, place the patient in 4 queue of patients

waiting for doctor.

2. Decide duration of visit with doc;orr and dﬁtarlina next
event in world line of patient. .

3. Generate the event to deassign the .assigned doctor at
the appropriate time.

PRFD generates all events uhich reprasqn& 1to-s for mich a
doctor is usually rosponsibln. Lahar&tqrg qnuysps,( x,-r;xs, and "
consulting physicians 'fron the floor a‘ra" o’rder‘ed by the event PRFD. The
flowchart for PRFD appears in Figure A-4; although it is largely self-
explanafofy, some discussion is necéssary. Step 2 above is performed by
the subroutine ASSIGN which will be discussed bélow, but First we
examine the implementation of steps 1 and 3, referring to Figure A-4.

First the conflict flag is set to 0. This iz‘:"tt;e':h:'e";:re”tvo'f‘o're k
unexplaiﬁed flag, mentioned in Section Az.vhich is the thir:d ‘elovnen't'

of the patient vector. This flag is used. by the

"am to avpid
generating redundant instances of PRFD for any given patient. If it
were not for this flag, any patient for whom both x-ray and.lab tests
were ordered might find himself seeing the dpctor twice at the same . .
time, since the events associated. with both return from x-ray. and return

from lah generate the event PRFD..



‘Figure A-4
Flowchart of PRFD
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After setting the confli.ergtv af‘hg,, the program checks to vsee if
there is a lab report outstanding for the current patient. If there
is, the patient is placed in a ldt uocked state until the r'eport comes
in. It is assumed that. thom 15%&0 point in visitiny a doctor a second
time until lab results ordered dur:,ng the first doctor visit are in.

The event PRFD will again be sched&lﬂ[ for the patient for the time Just
after the lab report is sch.dglcd to‘*'arfm'e.

If there is no outstan&i:ib;i‘ab&utory report, the program
attempts to assign a doctorv to t!l‘eélimtion‘t. It first checks for
available emergency room ptrsoanﬂ It nWmtm “it cac:ldes :
whether the patient shouild be plaqedf‘in a doctor blocked state or
whether an attempt should be udo 7Y call in a doctor on call. " In the
presetgt i:pimntation, . doctor pﬂ t:all 11 sought only if there is a
waitiﬁq room queue. Of course if no doctors on call are ava;lab]p, the
patieét is still placed in the doct!or blocked stlte.

The temporary variablc n:wu rd:vica which is used 40" dmstgn
the corroct doctor when step 3 tsmt‘ﬁgd X If an mrgency roon doctor
was nsstmed. TEV becomes the event FRDR (frmLLMrlwmA doctor
on call was’ assigned, TEV becous FRNCL {fro‘ doctor on call)- 'Fh’us*
nhen tho ovent TEV is executad at the oad of PRF!) the correct o
deassinning routino is executed. }

" The subroutine ASSIGN whi'ch is intesnal to PRFD, 1s the hnlrt
of the 1lp1mntation of the. mldﬂ;lmli.zreogin TIGERS. It is Asslﬁll

H
H

whic& d-ecides what a patient s next aveut. is; to be and when 1% is “to

occur. ASSIGN generdtes this eventmnd :cndi it to the sched\glgr, ‘ Ip.

;fhereﬁore changes with each world kfine tree ;hplmutad*:-- Chapter v

AN L TR a T T R
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discusses the world line tree which has been implemented as a part of
this research. Figure A-5 gives a flowchgrtwfor ASSIGN which is based
upon that tree.

| Before further dlscussing ASSIGN Cwe dtgress at this poxnt to
introduce random variable functions. the use o; which is necessarlly
understood before ASSIGN can be explained. Random variable functions
(r.v. functions) constitute the mebhanisngpnpioéeqﬂby~TI§ERS to
introduce randomness 1nt6:th9 siﬁulaﬁfbn!fgagf;;ﬁiﬁds?ﬁniting there are
two types of randon»vafiahle>fun¢;i§ns. iﬁe;boolean t&bgﬁ;g called with
no arguments, and refﬁfns,simplx yes or'no (;ctuélly I'5r FALSE. As
mentioned in Chapter V, the model is structnnad snch that associated
with certain key questiens are nrobabilitias of the likelzhood of
certaln events occuring uhxch are set by tho exncgiiﬁnter. Each boolean
r.v. function is associated with one of thesa>prubabiiitres. The
function, when called, generates its yes or o value by considering the - -
probability and caiiiﬁg a random number geherator;viThat is, it is as if
the function wgbe to praclsely weight (bias) a co;n.'and chenAflip the
coin to genératd‘h valye. The test model ‘is :so stractnfed that each of.
the key questions listed in Chapter V has associateduwith it a |
probability and a boolean r.v. function. In Fignge&A-S each of the
decision bbxes 6, 17, 18. 20, and 24»r0§resonts a?cali to a boolean r.v.
function, and thus also répfasen;; a‘§g§ng:it“wﬁiéh 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 randon nuaber ganerator and a parameter
set by the experinentor to ganerate a valua This user set paraneter is
usually the mean of the probability distribution fnnction assoc1ated
with the value being generated. Thus, if tho associated paraneter of
the t.r.v. function DRXT were, say, 30.0; a likoly rosult of the -
statement
(SET TINEVALUE (DRXT)) ' ‘
would be to cause the variable TIHEVALUE to bo set to. say, 37 61438. A
repetition of the statement would ‘set TIHEVALUE to some entirely
different value. For more information onVrandopmyaniaoia‘fonctions, see
Section A.8. R
We now return to our discussion‘of ASSIGN ano Figure A-5.
Recall from Chapter V that the nodol assunos ono. two. or three visits
with the E.R. doctor, dopending onh the co-plexity of the treatment
necessary. This is reflected in the throe nain snbsections of tho
flowchart, each of which is associated with one of the branches
emanating from the decision box which exalinas tho nunber of doctor
visits (box 3). Generally speaking. ASSIGN does tne foilowing:
) Increnent the number of doctor visits. ” 3 |

2. Decide uhich event(s) should be schedulod next for the
patient.

3. Call the appropriate r.v. function to decide how long
the current doctor visit will last, and therofore when the
next event is to be scheduiled. i

4. Pass this information (time, event, patient) to ADSCD,
which creates the event and puts it in its proper place on
the schedule. - ‘ '
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Let us examine in more detail the throe uin branches of Figure

d& RO W L iVENG Z 3;‘:T

A-5. Cloarly branch one (first doctor visit) is the -ost complicated.

The first decision (box 17) is whether the pationt is rolatively oasy to

e
R TS Ba

treat, in which case an iuediate exit is schedulod. If this is the

T

N Y

case, the appropriate t r.v. function is callod (box 23), and thon

another decision point is reached (box 24)  The question here is

AT S 1Y 21
whethor or not the p&tient noods to sae a nurso boforo leaving. Once
coE gl gAY T sideivgy g4 sruss ol f
tho appropriate ovont is schoduled tho function returns to the calling

function. PRFD
m—.xﬂs ShaR in

‘ If an i-odiate exit is not schodéloi more questions rmin. -

First, is a lab roport nocossary (box 18)? If so, make the appropriato ‘

----- [ et TEn o AWIET w.
arranguents (boxos ll and 12) T‘hon sot the conflict flag and
prra (obos edd Isdy ¥ edganl oo i

continuo. Is an x-ray to be tlkon (box 20)? 44 so. call the

e ¥ (j&f R P Ra ol = M ey

appropriate function to gonoute doctor tin (box 21) and send SNDXR to

T Fe s g sroak bginalie i 21 R T g

the scheduler. Tncn roturn If no x-ray is necessary, set the

lernpriate doctor tilo (boxos 13 M;;m l?;). Ea;n(i sioii:d the J;vent“to
the scheduler “’0" 16) Then rotor:r. Di}f:;o;t gt: 2; : ;n;nctions are o
called, dopendinc upon whother a lab tos;t:wt‘::s &;chc;ulod or not. R
Branch tvo 1s considarably sinpier than branch ohe. On the
¢ luafiz {pitneve aaifw ehloe

second doctor visit. the only aaijor docision is whether a conw

physician 1s 40 mwf,m O, not Mﬁ)a 4% dhe, ponppl tant ;ts-, ::aund
crragige Tikw fraiv awizch jasn

the event of his arrival is scheduled (Ms@’#&&h&? mm« %M
patient is schedulad "'ﬂm (hm; Saped Mbrersotal zids sesn

siuy fs 3nave shdl gs :
Finally. branch throe is the si;plost. This brangh . i@ﬂnly

reached when a doctor sees the patient after tha consultant leaves.

This calling in a doctor for a third time signifies that this patient
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has needed much of the emergency room resources. Brgnch:three s1qp1Y

schedules the patient's leaving after seeing the doctor the third time.

A.7.3 SNDXR, XRAYFR, and LABRET

SNDXR is the function which transfers the current patient from
the main treatment room to the x-ray facility. ‘fﬁfi“iﬁéblvesfthe‘
following steps: |

1. Increment the number of patients at x-ra&.:'

2. Update field 1 of the cdrrﬁntQﬁgé#g;@i@gj§;§i§$x4§gj).

3. If the facility is already 1q.useﬁﬁl (ysing ADTOQ) .the
current patient to the end of tha. glieue Q ﬂnn§§gnt§ unitipg .
for x-ray, and return to the scheduiler.

4. Otherwise, start the patiant 'S, xsaay sgrviqo. w;his
involves calling the routine XRAYT to 9’“"‘§§a§éf§&d°ﬂ ‘
value for the time spent at x-ray, and usiag D to send

to the scheduler the routine (XRAYFR) to retutrn the patient

to the main treatment room.. . . FeTia e v

5. Set the conflict flag to 1.

6. Send to the scheduler the event PRFD to be executed Justf
after XRAYFR. ' o R

XRAYFR is the event alluded to above which releasés the current
patient from the x-ray area. Its ilgoriiﬁi“iééiiﬁféiio§$§“

1. Decrement the number of patients at X-ray.

2. Update fleld 1 of the current patient to 2° i1n main
treatment room). ) ‘ s

3. If there is no X-ray queue, a;nply returg to the
scheduler.

4. Otherwise, remove the next in lipe frgn the queue, and
make this patient the curreiit patient. Then foF this new
patient repeat steps 4, 5, and 6 of SNDXR above.
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LABRET is the event which returns a lab report on a patient to
the main treatment room. The actual rdqdeét;fbrzfﬁefréﬁékt'fs‘iade by
the doctor in PRFD (in ASSIGN). When the requgst is ladn. the nunber Of
reports pending in the lab is 1ncre-ented the tiqa until the return of
the lab report is calculated (an r.v. function is called), anqbthe event
LABRET is sent to the scheduler. LABRET does the following qu(gtiqq5:‘

1. Decrement number of lab reports gcnding.v

2. If the conf}ict flag is set to 1, then return
immediately to' the Scheduler. -

3. ‘Otherwise check whether the patfemt is at x‘ray ff so,
return’ imiedtately to the seﬂcdarer._fif? i‘~,&“ SO

4. If the conflict flag is set to 0 and the patient is not
at x-ray, send the evant F!Fa to fuc schdﬂuldf fo be e
executed*fiﬁﬁdi&tﬂli

A flowchart of LABRET appears in Figure A-6.

A.7.4 DLCW, CLTARV, CLVDR, AND CLVOUT

DLCW, CLTARV, CLVDR, and CLVOUT are the functions’ ‘that handle
thatgparg‘of the gatient's_woglqv;gpe "?91f°}3‘?§~§? §E? Zfsit,of,a
consultant physicign:(}f,ngcc§§ar¥).t_gl} are °x§'?!°§¥@§§'?19-m,DLCVgZ,;‘;
(Doctor Leave, Consult Wait), if it is scheduled, is scheduled during

At

the second doctor visit in. A§§LGU Iqégggg the {gl;og}gg%tg§§ggw

1. Update field 3 to 3 (waiting for consultant). =~

2.. Call the r.v. function CNSLTT o find out how long_the
patient will be in the consult blocked state. o

3. Send the svent CLIARV to the scheduler, =
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C START LABRET )

DECREMENT 1

REPORTS

|

upPD 21t

SCHEDULE -
PRFD FOR
| IMWMEDIATE |
‘EXECOTION |

Figure A—6 Flowchart of LABRET
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CLTARV (ConsuLTant ARriVe) is .called only by CLTARV. Its
algorithm: o |

1. Call the r.v. function CNSDRT -to find out how long the
consultant will be with the patient. .

2. Decide whether a third doctor visit Hiil bg uctessary by
calling the r.v. function OUT-AFTER- § :

3. If a third visit is to be scheduloﬂ“ﬁdtudiﬁﬂdvuwent
CLVDR to the scheduler. Otherwise, send cuﬁm

CLVOUT and CLVDR are similar; eachfhas“only.tun,s;eps. The
first is to update field 3 to 1 (i.e. no Ibnge( hstqgfgeréed by the
consultant). The second is to schedule for i-adilta oxeeution the next

event: CLVOUT schedules OUT, and CLVDR schedules ?RFD.
_%
A.7.5 CALLIN, SNDNS, and FRNRS -

‘ A..\ .

CALLIN is the routine which removes.a aa;ipnt froﬁ the waiting
room queue. It is not callod unless a bed is avaifabla, and this bed is
the current bed when it is called. It does the ﬁpllowing

1. Remove'a patient fron the vaiting roogﬁnueuo “by using
LEAVEQ T YA

' CSET NEWP <LEAVEQ HAITQ))*z

2. Assign the current bed to the new patia&t. (i.e. set
element 2 of the new patient vector to.the flosition in
BEDSTR of the current bed.) I ;_ﬁyvzg

£

3. Update field 1 of the current bed emz (Wgatmg
presence of a patient) and field 4 ﬁo ﬁho«%ynyaqfqthe new
patient. -

4. Send to the scheduler to be executed ;uﬁ!ﬂlately the
event to call in a nurse to treat the naw patiant.

5. Record the time of this event as the tile ofﬂbeginning
of service for the new patient (in element 5 of the patient
vector).
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SNDNS is the event which assigns a nurse to a patient. It
takes one argument, an event, which informs the routine which eQeni is
to be sent to the scheduler when the nurse‘s tréatﬁbhf of the current
patient is over.l Thus |

CSNDNS PRFD>
would cause a nurse (if available) to be assigned to the current
patient, and it would cause SNDNS to‘;pnd the event PRFD to the
scheduler to be executed whenever current nurse treatment ended. The

call - :
CSNDNS RLSE>

would similarly cause the event RLSE to be executed when nurse treatment
was over. |
FRNRS is the routine which deassigns a nurse from a patient.and
reassigns the nurse to a patient waiting for a nurse (if any such
patients exist). This procedure is accomplished by the following steps:
1. Update field 3 of the current g;tipnt to 1 (no server}.

2. If no other patients are waiting for a nurse, simply
increment the number of available nurses and return to the
scheduler.

Otherwise:

3. Use LEAVEQ to remove the first patient from the queue of
those waiting for nurse service, and assign the nurse just
freed to theé new’ patieht {Update field 3 of the new
patient to 5).

4. Decide how long this new patient will be treated by the
‘nurse, and send the event FRNRS to the schediiler to be
executed at the appropriate time.

5. Send to the scheduler the event representing the next
event in the new patient's world line after the nurse
leaves. (It knows this event because the event which 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;MQDQ PDWO

RLSE (ReLeaSe) releases a patient from.the system when all
treatment is over. It involves four tasks:

1. Incorporate statistics. of . the.current patient into the
cumulative statistics.

2. Decrement the number of patients in’ the System.

3. ‘Remove all traces of the current patient from the
current bed.. (i.e. Updase all four hed.figlds so 1.). . .

4. If there is a waiting room qme,' send the event CALLIN
(to call a patient from the, fg room into the free bed)
to the scheduler to be executed immediately.

OUT is the function which prepares the pationt to leave‘éﬁ.ej

t*p«;
Qv SRS AT

, 21
energency roon systen The flowclnrt for out appurs in Figure A-7.
The routi'net?irs't';diiziiigs:'wﬁ;ihi.ilihbapiifi;i—ft“ s ioﬁt‘ié:rgoobservation :

o;'not Incalcuhtil;gthevalueof theb%oiuﬂ r;ndon variahle on

Ca et penps m Fera oy st iy £ B EsEY glsbiol ~
which the decision is based, the probabilties of the branches at this

TinGids

point 1n the world fing, tres. of the mpdsl are, b An5iaE. (Sf.the, patient
is to undergo an observation period, the duration of this period is
calculated, and the event PDWO (Patient Done With Obsorvg;ign),is sent
to the scheduler, Otherwiss,.ths. sveps,RLSE,44 s9ns;te. the scheduler.
POMO doss nothing wore that penbribk, 44" sibtopLbh, 5, ¢ 3niTir manner
to OUT when PDWO is not generated. Note that the probability =~

igo };9 ;3;@55 is ,§Gheduled

to be executed varies, depending upon wﬁelthir ‘tﬁe %&tient is to be

distribaiibé ,?Qnéfj? }gssgcig;eg wiipqghgr}

admitted to the hospital or’ r;loa,so,d to t§g,}99§g‘i\¢g1~qcld

A R A
EOR I VS TR+ R E ST R S I

e
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SET

ABD EXIT.

BLOCKED TIME
{TO CUMULATIVE

STATISTICS

B

SEND EVENT

TO
SCHDLR

EXIT BLOCKED|
" mme o |-

| 7 -TIME TO
L<ADMITT>

o ,< QﬁsRyT>

- [sENDEVENT
© | FOWO

: ‘SET
OBSERVATION

- Figure A-7
Flowchart of OUT
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A.7.7 FRDR and FRNCL

FRDR and FRNCL are the routines which dgcswski,gn ‘an emergency room
doctor and a doctor on call, respectively, from q'ééggtient. The two

routines are similar; in fact, they are the sa-e,. mept the first

b

increments the nuwer of available mrmr‘nﬂ mﬁrs wﬁile tha

.,

second increnents the number of doctors on clll ldth call the
subroutigte FREED which takes one argument doscrihfng nluch data base to
1ncremt Thus <FRDR> is nothing mors. tlul( (F&ﬁfI NDR‘) (where NDR is

the number of available doctors), md <m:el.a u %i.ply (H(’EED Noucn.

o

We describe below the algorithm for FRDR:
| 9 Updatg field 3 of the currlnt plticnt to 1 (no server).-
increnent the number o& nq.hbl? E.R. doctors. -

: 3. It -po- patient is m&m-f«'« aidoctor. s:l-ply rotum to V
tﬁe scheduler.

L T T T VT

: Omemise remove the first mticnt‘_tm ueue of
oy thowmnna and send to the schcdulot PRFD (fo the new
mnt) for immediate execution. PEs

A.8 Ramdon Vlriablo Functions

Randou variable functions, which lntrqdaco Mo-ness. non-
deterninisn. 1nto the simulation, have alt!qymmrmced in
T EITATE ‘

Section A.7. 2. The r.v. functions of a slﬂa&“;—unnd »Very much upon

the particular model being implemented.

facilities available for creating r.v. fuaction:;aug list those
T

’t‘ test bodel

o wd¥ %0

funeti,pns .that have been implemented for the
- R v ﬁmctions are generally trivial Uritino a boolean r.v.
function requires oaly the utility fumction mwnhu:h is called with

r' B

no arguuents
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- SRANDOM> A /
and returns a number between 0 and 1. Let us say that the prghability
. of a yes is P; and of a no, 1-P. Th‘“aﬁhq_!}9°§1tﬁ!,(?Czthi desineg
boolean r.v. function is as follows:
1. Call Rﬁngﬂ.‘

2. If the value returned is less than P, then return the
value T. '

o

3. Otherwise, return FALSE.

For time random variable functions, the algorithms can get a bit
more complicated but are still basically sismple. Tﬁifﬁé'preséﬁfiy :
implemented model all time increments are assumed to be characterized by
exponentially d;;tributed rgndon_varigb;as. Tbg;ﬂfor;;hgﬁgresent model,
the only necessary utility function is EXPDIS, which accepts one
.argument represangipg\;@p,ngan,gf an !?P?QggﬁiﬂlAQ?itfﬂP“Fl?"z and
returns a random value of the random variable described by the
distribution. Analogous utility functions for othet probability
distribution funttions’are being written. -

The present t.r.v. functions do nothing more than ‘call EXPDIS
with a given mean, but it is con&atVabttfthit“iqré”hoiﬁie& functions
might be more accurate, and therefore desirable. For example, one might
want to introduce & fixed delay ptut‘aﬁ“tﬁc?oi%ht:éﬁi%iétéfigcé%ﬁi 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 c;iiod'ﬁif?

EXIT1? -- Does the patient exit immediately after the first
. doctor visit? - o elat ap o meaquta ancro 60
NUREX? =---If the patient does leave in-ediately. does he see
a nurse first? e e

ADMIT? -- Is the patient to be adnitted to the hospital
proper? o 3L e e ved ]

mod sy mb

CNSLT?. -- Does. the patient see A consuliant?...

OUT-AFTER-CONSULT? -~ If the patient does see a consultant,
does he exit immediately after the consultation.

0BS? -- Does the patient undergo a period of‘dbsorvation
before he loavos the system?.

FooEs R Y
L EEE S

There are also seventeen time ?inaﬁi'vgif%iléj}%Héiibﬁs:

ADMITT -- time spent in administrative ‘red tape' waiting to
be admitted to the ‘hospital - -

CpiiEenis

ADNITZ -- time spent in adm g;ixp,ﬁgggﬁgquhLyg4panq to .
be admitted to the hospital “after having undargone period
of observatjon S T I )

CNSDRT -- time spent with a conspltant .
. CNSLTT -- time spent waiting for a .consultant . .

_ DRCNT -- time spent on second doctor visit 4f censultant is
scheduled '

DRIMEX -- time sbeht with doctofjbefs}éiliiedf;zg’;iit

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

DRTZ -- time spent with doctor on second doctor visit if no
consultation is scheduled
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DRT3 -- time spent with docter on third doctor visit

DRXT -- time spent with doctor on first doctor visit if
patient is sent to x-ray
EXITT -» tile s'ens in exﬁt bloeke&:stase hefore leaving
emergency room

EXITZ -- ti-e svent in exit biected~sttse befere leav1ng
emergency room, if patient has underoene period of
Oblﬁrvlﬁi“ oL Wk }1, g} e i EE]

LABT -- ti-e before laboratory aneiysis resuits are returned

DR

NURST -~ time spent with nurse
OBSRVT ~-- time spent: under ohservitieﬁ* Gt

SR f‘h " PRraye
XRAYT -- time spent at x-ray

A.9 Graphics Functions

: ii" 1

In this section we discuss the grephicel updgting of the display‘
in Simulate Hode. Hnintaining the buttens (-ost ef uhich are in Hodify
Hode) also involves graphics. but we discuss kuttea handling in a |
separate section. - ) ,

Aside from the button handling routines and the functions which

actually creete the pictures (which are not described in this docunent).

»l'( i - 4

there is only one lain graohics functien, NPAsS Recell tnat a

©opmiwciloy sd? gnla e
simulation in TIGERS is a loop which repentedly cells SCHDLR In this
loop each call ef SCHBLR is i.ledieteiy“foilewed ﬁy a eeli te NPASB
(Figure A-l) NPASS is the routine uhich looks et BEBSTR and CNTSTR and

. P L4 3 T

updates the display to reflect any changes made durini thé- executien of

the last eveat.
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The display in Simulate Mode is composed of three types of.

pictures: *
A. The static framework. This includes the lines
delineating the various secters, aad the: ileazifyiog 1abe1s.

IHEERY

The beds in the main treatment area and thoir associated

fields. Relevant. 1nferaation 481m; SEDSTR;

C.

3

The collections of stlck figures which representsaroups

of various types of persons. Relevant information is in
CNTSTR. .As-of:-this-writing these .collections dacinde -

Clearly

updates

1. patients awaiting lab:analysis resulss. .
2. patients in x-ray area . '

3. available emergsancy: room:dogtors. .. .
4. available doctors on call

5. available nurses -

6. patients in waiting room queue

NPASS need be concerned only with types B and C The routine

s o g ey =
A58 IR ¢ FUuSL a0y

the two types'of pictures 1n two distinct phases. type C

followed by type B. Ve discuss the two phases sopnrately

For maximum execution speed. each of the siifcollections of typo‘

C is updated by its own updatinq routine. These routines comprise the V

elenents

one of t

Citpp raired *
of the vector RFQS Thus each olelent of RFQS corresponds to

he olenent pairs of CNTSTR (Section A 3) ’ The type C pictures

- IR e T A S E,
PSRRI | TR

are updated using tho follouing algorithl

l.

c¢h
fl

z;

‘Check item i (i.e. the i'th pair) of CNTSTR. Was it
anged during- the exscution of the last-evans? ~(l.e. is it
agged with a '1'?)

If no. increnent i, and go back to 1 to check the next

1t.' Of C“Ism., FLE T T . Lol e syt

3.
up

4

IT yes, call {i.e. execite) eslement 1 of RFQS, thuys:v .
dating the displayed value of the associated value in

CNTSTR. Then increment i, and go back to 1 to check the
next item of CNTSTR.



181

When 1 exceeds the qunber of;items (cu;rentlykgix), theﬁup?a;iqgkof the
type C pictures is complete. | |

The type B pictures are updated 1n_a’s§pi}2( Eanngr,‘except
BEDSTR is thevnain‘data basg»in;}eqd{qéwCNT§tk,\g@éﬁgﬂlx{gngchutine is
necessary, not six. All thevbeds can be ﬁpdatod bﬁ the same routtne.
Essentially the algorithm consists of ‘cheéking e&ch bed, updating those
that have been changod”and'ékippiﬁg those that have not. The
programming is such that the nusbers in BERSTR assoctated with sach bad

ficld are used to call the approriate picture.

A.10 Time Functions

‘A important part of the TIGERS dénvironment is the provided
simulated time flow. There are two time functions: ‘STIME, which
returns the present simulated time in minites, and CHANGESPEED, which is
used to alter the rate of simulated time flow.

There are four inférhai:Variaﬁtis’&Ee&iby”ihd§é‘iiﬁe functions:

TSCALE is the number of thirtieths of a real second in one
‘simulated minute. 0 7 T TEREY ST ooome o
LASTIME is the absolute real time that CHANGESPEED was last
called.

LASTMIN is the simulated time that CHANGESPEED was last
called.

TTEMP is the absolute real time that STINE was last called.

The "absolute real time* is the time which“is stppiidd By the computer’s

clock. This time is given as the number of tlirtiwtis of a Second since

the operating system was last started.
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STIME takes one argument, the current value of TSCALE. It
returns a floating point number which is the simulated time in minutes
since the simulation was initialized. It does’thci‘fol"lowiﬁg steps:

1. Read the absolute real time from ﬁhéiéS-pdfér's"cl6ck.
Call it T. , o |

2. Calculate the simulated time as

LASTHIN + (T - LASTINE) / TSCALE),

STIME is written in assembler i;nwag; rather than MUDDLE because MUDDLE
cannot access the clock and because the function isfcilled so often that
execution speed is critical. / L e
CHANQESPEED‘also takes one.argusent, the,ng% gglgg,ggiTﬁgALa.

It does the following:

1. Set LASTHIN to the current simylated time

2. Set TSCALE to the given new value . -

3. Set LASTINE to the present absolute real time

f 1

CHANGESPEED also sets the valué of the variable &:gﬁiééjiiftﬁ;atod

Pt ]

to the frequency that the displayed clock. is updated.

A.11 Interrupt Handling-Fumctions .

MUDDLE has a facility through which MUDDLE programs can access
the PDP-10'S half second clock interrupt. ~FIGERS has two interrupt
handling functions which.use this faci}ity:; URCLOCK, which updates the;
displayed simulased. time,.and CHECKRT, whigh.makes;the program. .

interactive. The reader should bear:in mind.gs he.pegds the .

descriptions below, that these functions are executed every half second.
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The variable OFTEN whose value is set by CHANGESPEED, defines

how often the display will be refreshed. Lt isyset such that the

displayed clock is refreshed app?oxiﬁathly as often as it changes.

Thus

if a simulated minute were equal to five real Sechnds,(the clock would

be updated about every five seconds.

UPCLOCK (UPdate cLock)"do'e“s the following:

1. Decide whether it is time to update the displayed clock.
If not, return to the simulation. ;

2. Decide whether the. hour. needs mibg Jpdated as well -as
the minute. If so, update the hour and the linute on the
displayed clock.

3. Otherwise, update only the minute on the displayed

A.12

clock.

4. Return to the simulation.

* CHECKBT (CHECK BuTtans) emplays the following algorithm:

1. Check: have any buttons been hit in the: past half
second?

2. If not, return to the simulation.

3. If so, change the displayed square associated with the"
button to a triangle. (This indicates to the user that the
button has been hit and |that ths routine associated with the
button is being exgcute -)..Then Atize B?Q(hggtgq 59
that the button cannot He hit while {ts associated routine
is ruanin Then proceed to exe ' Foytine .associated
with the git button. ggF %aliy. :ﬁﬁz .:23&z§§§ %%

is terminated, restore ;he,;quarswgné reseasitize the
button. Return to the simulation.

_The Button Protocol

"the routine

- Since butten handling is critical in-making TIGERS interactive,

a button protocol has been implgmented which makes ggirg;at;velx_aasy to

create buttons of various types. Currently, three types of buttons

exist:
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1. Unlabeled buttons

2. Lab#led buttons

3. Labelcd buttons with value |
Every button -- regardlcss of typo - is a singlc HUDDLE picture. and
every button has associated with it a single routino Hhenever the
button is hit the usocilted button servicing routmo is executed Two
main data bases are assocntod with the buttons PICVQFI 1s a vector of
all the buttons, and SERVECT is a vector of ‘ail ﬂlh buttﬁtr%hmﬁing

Unlabeled buttons appear siwply as squares. o ‘text ‘string is

associated with the button as part of tho suo pietm;;e. although B

external labels are comrally added. Exmlos of this type are the

squares above the ‘numbers used for iy CEWE ‘S8 fngd"-tn ‘NWodify Node.

Labeled ‘buttons Nave a text string wsséciated with the square as
part of the same picture. Exuplas of tilist% gof;ggtton are the
‘buttons used for changing modes. ‘ ‘ ' .. _

l.abeled buttons with value havv text strﬁws wprésenting values
of some variable associltg(l \dﬂl tﬁé tho;i- ‘wfi 4"?6‘“{3 fY”"f‘"

sqrm"‘fﬂ"‘ioéff‘y Modé .

Vi B 54;

all the btlttons in" tl!g fg” hal’f ofrf o .
The function “BUTTON ct‘eltcs ’htt@ni of gjf”:«i. eﬁ. ’ﬁin'ction

BUTTONZ, buttons of type 1; and the function BUTTON3, buttons of type 3.
A naming protocol has been implemented which aids inumiitmg text -

strings, valdes, -and:servicé Ténctions ;'ﬁtﬁit%i“if%éfitﬁﬁ Buttons.

we will give an c‘xaifﬁf&*‘oi"*a*enl"to *d‘f'n’uttéii‘?ér‘-esﬁﬂg’ﬁfuﬁccioﬁi " this-

should communicate a general idea of how the protocol is useful. The “*’



185

call

(BUTTON3 -375 200 BLAHBDA ,QLAHBDA .QVLAHBDA ZB)

A A HES- B

creates the button in Hodify Hode wnich is associatoﬂ udth tha artival

rate LAMBOUA. ¢-378 200) ‘are the {x y)'odﬁondauhtds of*the«nnntar of the
Gootgusetal ¥neis a0
square; BLAHBDA is the nanm of tho button; QLAH&DA is the name of the
Ioai zA LS

identifying text string. QVLAHBDA is the name of the:tnxt string

associated with the vsluo of LAHBDA and 28 is the indox of BLAHBDA'

L T SR LI T gty it o Ei-;i':“;»
position in PICVECT and RLAHBDA's position in SERVECT RLAHBDA is of
L woilnY ney zeon

course the associate button servicing routino.'

Coam v f owmale ra poe g o Lo w7

PR I L IV S o

A- 13 The Nttm““ic*‘q 3%‘““‘9‘5 Ve Ml 0¥ DI oy #
As of this writing there: are-tweaty~nine-bustons ip TIGERS. It
is the purpose of this section to describe their fasasines by:discussing

their assocliated handling routinos We will not doscribe every routine

e Ey e v .
Gl unh 20 ey e Pomrn sl 2 taaate

individually. since thore are groups of sinilar routines. He will

however, discuss in dotail nt least one lo-bor of each 'equivalence
class."

A.13.1 SIMULATE Mode -- RSTART, RSTOP
RIKITIM.IZE RSTATOﬂ RSTMOFRF-

RSTART vas disvussed in Sectim 4.2 .2, RCONFIMIE, #: foXlowing:
1. Call START (Section A.6.2).
2. Call NPASS (Section A.9). R S T l;
3. Initialize the count of éxecuted svents. -~

4. Enable the clock updating routine. . fim.icause ét to be
executed at every half second clock intorrupt )

cE e

5. Call SIMULATE (whicn is an infinite loop)
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RSTOP stops the sinulation It has three steps

o "'"4»'"&:“2,"3

1. Set STOPBIT to T This causes an exit fron tho infinite

- lm in SHIULATE. oeEs g Herr s E G iho®

‘2. Disable the clock updating routins. - £l @ yisassociate

it fro- the clock 1ntorrupt )

k23 ;“ .;: * /‘ o3 i

R A T 4 - . .
AR £ -‘3 EXN S N 3 PR g .3(

SR AN R L
o %

by RSTOP It do's the follou:lng

SR L TR 3 Fise

1. Set LASTINE to thc urront lhselutc real tila

2. Set LASTHIN to the value of >SPOPSERMIECSeS WYsRSFOR, .6 7

L

RCOHTINUE continuos the simlation lftir its having been stoppe

I S R wo@ CAURAL LR are U0

RS
HEACH

T
i

‘,}; 'f

3. Ehabke the ¢lock: wpdatingireasimes: B o) i w .. nr ¢

e 897 :Call SBMBEARE: G 0 20lnea ©F f0oFel Zral

Pt & zonifuss poutiba

RINITIALIZE rosets the simlation to time zcro.

Cegr Yua gl e g IR L 2B Brraet

more than call REINIT (Saction A 6.2) and NPASS (Sectlon A 9).
Hi Brediil

AL pymoe R

RSTATON disphys tha cmhtivo sutisucs.

RSTATOFF erases the cumulative statistics from the display.

s v g ,
ik TARVZH - sl

A.13.2 Changing Modes -- RMODIFY mm JHOTATZH 17 idar

Tne v RIODA RY. UHenghs) odds. Tromd@imulate to Madify. - Ahis. dnwlves

the following: DaLPUA pmiloaa: THRYG

1. Call RSTOP (Section A.13.1). S & magrdpso, LAASE Dl
2. Call RERASE (Smction :Addd). 3. ruso «ir s37i.

3 Erase thedisplay. . « :ic» rm.'.}'gs'ﬁ; ingis gl

{ dgamaati: anale o seeg

4. Display the picturos of Modify Hode

i Zasal e Lisseh

Y-~ SR T a0t T s
SoowmR ATy i g

g besYersozs

It does nétl;ing

i3 PR 3 T M ” $idpg g o 5
!’»5;. .L ,f‘x WL S 3 T s 75 LW 50§ 3 YN O 4 -

3. sgt tho variabln STOPSTIHE to be equal to the current‘
simulated ‘timwe: REERNEeE CoTASEE vowe .

ii VTS

wh
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RRTSM (Return To Simulate Mode) changes modes back tofSigulate
" mode:

1. Set STOPBIT to FALSE. This will cause SIMULATE, when
-started, to loop until STOPBIT is ‘reset to T by RSTOP.

2. Call NPASS (Section A.9). = .= - o0 Touud
3.  Erase the display.
4. Display the pictures of Simulate mode.

A.13.3 Creatipg Text Strings -
Rl1, RZ, R3, ..., RO, R., RERASE

This section discusses the buttons which conprise the

"hblackboard®* in Hodify Hode The following variables are relevant.

'

CURSTR - Current text string. This 1§ the %‘tr‘ihg that ‘is *
displayed: above the "blatkboard®- b&@tons ?ﬁt ﬂ:er builds
this string using the %lickboura B

CURVAL - FIoating point valua rtprospntad“by thé current
text string

AR

The routines -for R1 through RO and R. are similar. We destribe here the

algorithm for Rl:

1. Append "1* to the current stripg.

i el

2. Update the display to reflect the chango.{ﬁ{

Y% K55

3. Set CURVAL to the floating point number represented by
the new current string .

RERASE sets CURSTR to "" (the empty string), updates the display

-
)

to reflect the change, and sets CURVAL to FALSE. ~~ ~
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A.13.4 Buttons With Values

This section is concerned with the buttons which are used for
altering the parmters of thn Hﬁﬁks noadﬁ.- as d’ t!ttt ;vrume M
are nine -- which buttons exist depends upon which m ;the
experimenter wishes to vary. The buttons curronth{ imgil eman ted are as

follows:

Lis

BDRS - used to choose number of mrgoncy room doctors in
the model system. : vk : .

BNRS - used to choose number of nur‘ses -

BONCL - used to choose number of ooctors on call.

_v1“§

BTYPE - nsod to select the curreut type of llodify Hode.
Certain parampeters. vary.with type of-patient, the best: - .
example, baing the arrival.rate. of. mw;ate«ﬁ&ww SEE
The value displayed of any of thesa. $ype dependemtc, .- - . ..
parameters is the value associated with the current type

Whenever the curreat tyge: is. changed,; she; Mwwﬂws
of these parameters are clungod appropriately. ik B0t

BXRT - used to chooso mean time spent ‘by patient of current
-4 tm ,t x-r”’ ik S g T PO S b £ I G0 e g

BLT - used to choose mean time for return cf lab analysis .-
report for patient of current type.
BSCL - used to choose ratio o?;f:‘ silulated ti-e to reol tim

B ot dinsiisr of “’tfg B orad wmist
BBEDS - used to choose mmber of beds in e main treatmnt
room. S . RN P T TPLE }‘,»,:? ety o a T AN it

[

: CoaeneTe JESTTTe s T
BLAMBDA - used to set arrival rate of patients of the
current type to the system in persons per hour.

ok P T RO St T At R T A R R - ER TS

The functions associated.with m;gmbm@n;sgm;mumm
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 V~ALUE' 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 assigned a value.
RDRS, RNRS, RONCL, and RTYPE are similar. We choose a

representative oxaﬂ{;h, and alucicnte below 'e algorighm for RDRs{\

B

1. Set the flag in CNTSTR which iﬁaici%s% that a thange’ has’
been made in the number of emergency room doctors..

2. In CNTSTR, set the number of doctors equal to the value
of CURVAL (rounded off to the lowest integer).

3. Reset CURSTRVto 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 RLAMBDA form another equivalence class. The
displayed values associated with these three functions all debend upon
the current type (sélectod using BTYPE); 'Exceptvfor the fact that the
current type affects the actual vari;bié fh;t is chnhged,,theserthroe
routines are similar to the four discussed above. RBEDS differs from
the fout only in that instead of ncrely:éhahging a ;.rtain value, a
whole new picture has to be compiled based upon the new number of beds.
RSCL differs only in that instead of chahglng & value directiy. it calls

CHANGESPEED (Section A.10). p
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~ APPENDIX B;
SAMPLES OF nuobha sauacs CODE

The purpose 0f7t¢hi:s_ﬂappendix is simply to give t_he reader an
idea of what HUDDLE looks 1like. ‘Following are listings of the two
functions PRFD and ASSIGN. They are flawcharted in Figures A-6 and A-7,

respectively.

<DEFINE PRFD ()
<PRINT *PRFD*>
<PROG ()
<PUT .CPATNT 3 0>
<COND (<=7 2'<<+ ¢Z".CPATRTY 2> .BEDSTR>>
<RETURN 0> -
(<07 CVAL .NER»>
<COND (<LE? {VAL .WQL>>
<UPD 3 4> *
<ADTOF BRQ LCPATHTY -
_ <ADTOQ DRQ .RT>
S CRETORN 1))
©on s AOEGLE? VAL
<UPD 3 4%~ °10
CADTOQ DRQ" QPRTNT> )
<ADTOQ DRQ m‘> S
CRETURN 2>i fff *
(ELSE .~ -
- S<UPD 38>
sty iuoucn>
<SET TEV ancn>)>)

(ELSE ,
{.<8UB1  NDR)
<UPD 3 6> R
<SET TEV FRORX)>* "< -
CASSIGN .CPATNT)> SR %4j
<SET TVIME <- .TTIME" 1>> R
<PUT -CPKTNT 6 <+ <6 ‘G?A!ﬂ?) - Tihne RTO>>
CADSCD .TTIME <FORM .TEV>»)

<DEFINE ASSIGN (CPAT "AUX* LAB)
<PRINT “ASSIGN®">
<PROG ()
<PUYT .CPAT 1 <+ 1 <1 .CPATO>>
<COND (<==? <1 .CPAT> 1>
<COND (<EXIT1?>
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¢SET mna <¢ .RT <DREMEX)>>>
<COND ((NUREX?)
<ADSCD TTIHE '
o RPN wmsfm'a)
CPAT>
QBBTURN &))) T Gmowa o v ooty
(KDSCD .TTIME '(RLSE) CPAT)

il: o
< ﬁm»»

<COND (<SET LAB <LAB?>> T
CADSCD <+ .RT <LABT>>
*CLABRET>
.CPAT) _
<UPD 2 2 .CPAT> [ O0RET a0
<ADD1 .LABQL>)> NETTEEE
<COND (<XR7> ' SOAY -
<PUT .CPAT 3
. <ABSCD-<SET tﬁﬁi <+ ,.a;r amm»
W 3
SRETURN 7%)}#
CPUT .CPAT'3 1> ...
e
(Cae? <1 .CPATA'ZS - o ,
<COND (<CNSLT?> ..
CADSCD 4S§T ;FIRME <+ .RT <DRCNT>>>
;e:;:%m,v
oo oERAER
'CRETURN 4>)> :
CADSCD <SET TTIME <4 iRT mi;b»
'<OUT> <@ a (TS
CCPATY ./ izam vaT T32°
<RETURN 5>) \um-zm f“*a:m
- (C==? <1 LCPATX 3o -3 3HIVY TS
- TGADSCD, <8§F ERINE <+ -.RT mﬁwm >
PCQUEX sy mso: 3RITT. QRO
.CPAD
<RETURN 6>)
(ELSE <ERROR TOO-M-&CTOR-VISITS)))))




