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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 over certain of -these factors:
numbers of beds, nurses, dectors, X-ray usits; 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: like the medical care system as a whole, the
emergency room is experiencing profound changes in the demands being
made of it. 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 Mogislnicki 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 rkgeqrch‘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 spiral of ever increasing .
expense that buys little significant improvement to the syséem.

Our lack of planning is catching up to us. Evgn 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‘undnr the agspicqs of the
Committee on the Cost of Medical Care (CCHC) pointed 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-five'years after the publication of ghe Leg-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 same problems as
reported thirty-five years earlier. The report very clearly proclaimed

a health crisis, pointing out:
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The crists, however, is not simply one of numbers. It is
true that substantially increased numbers of health 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 we i{mproye 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 pérsonnel. [7]

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

1.1 Alleviating the Problem

It is not surprising that the Conceptv of efficiency is the
mainstay of medical reformers. MNore efficient Bbdf:ltim 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. .Tlu 'cdvii‘nio‘nt'. which paSrs two
fifths of the nation's medical bills, should Be'"‘&osp'oc'idklly'\interds‘tod in
improving efficienés'. since it would retard inflation as well as chts.
Doctérs too would benefit from nofe efficient Eii’ora'tion' . "By increasing~
his productivity, he can see more patients, respond to growing patient
criticism of the availability of dot:t'brs. 15&&50 his e&rnings; and
help more people.” [8]

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

levels, and -the task needs to be addressed i’t ‘"'elch ohét o
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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 exbected. The answer to the
question of why not is complex. First there is a proﬁléu l;f hesit’ancy»i
to leave a system that works, even poorly, for a .s‘yssteu;whi»ch is
dntried. or at least unknown to the adninis;rator. Pe&ple are uqcon
fortable in unfamiliar térritory. rThere is ’socui'ibtyv.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»a\ﬁt' tq 1-_pi:eler:|t,‘ 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‘tacle to
acceptance of more rigorous aniiyticdl' inethi;ds 1s -is;gﬁfegént;tion: It
is not uncommon for the decisioh maker t'i;'bo exposed to‘ ahalytical F'
techniques, bﬁ't led ‘to‘i beiiove. eiythei:' by o'\;e;'zulbus'u’ulysts or sinpl'y
by wishful thinking, that these new methods are being presented as a
panacea. Then he either i-ediafely sees or later discovers that they
are not, and he loses faith in them iltogothoi-. 'T_his} 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. AOperations research does notlybf’for&a: ;rilliistnani:%;olu‘»tion, but
it does offer a powerful set of quantitative tools

Another reason that O.R. is not 5oing e-p;loyed‘ to best advantade
in the lledicai care soctof is that hospital uhjinisv';ti'a't;}sb are bften
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<1tself‘és~aﬂbitek 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 leékiagﬂsetsﬂtf 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 is 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 ghe
research effort, at least at first, on'a~reprusent9tivo 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 medical care system
as a whole, the emergency room is experienciﬁg-profouhd 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 1is bedoi&ng unclear. A study of
patients attending one emergency ward found that: ‘it appeared to be the
primary source of medical care for at lesst 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 eémergency

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, point; out Dr. Leidelmeyer, the patisnt 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 time: 10!103{.@ in analysis
and planning of the system would be well spent. : The emergency room is a
complex system, . and managing it effectively is not iiupli: the system
has many variables (e.g. number of doctors, anusber of bed;.~nu-her,,of
nurses, paticnt arrival rate, etc.); nRumergus complex. trade-offs (e.g.
an efficient E.R. must strike. a balance betwesn numbers. of beds,
doctors, and nurses); and is highly stochastic in nature (it can be
empty at one moment and overloaded five minutes later). Yet with all
this co-plex:lty,.-.on emergeacy rooms ars planped, organized, and

staffed without the aid of available apalytic . Development

of quantitative tools might aid the liospiul maﬁr 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
systema's ability to handle them.
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More specifically such quantitative tools ntght be ueed .; aids
1. reducing patient waiting time
2. 1lprov1ng doctor utilization ‘ o
3. reducing unneeded ti-e that the petient spends in the
treatadnt facility. s S

2.1 An Interactive Graphical stuuletion

‘l‘he priury reseerch of this report 1nvolves the design and
1mp1enentation of an interactive progran for siluhtion of a hospital
energency room. The elergency room presents an excellent focus for our

T T

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

= afigsed epnhyowans

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 develop an enalytical tool whichl
might be used by a hospital administrator, an®’ whieh could improve
communication ‘and mcounge co-operation bEtweeh: the adkitaistrator and
the analyst. - Work Kas beeri undertaken’ towards thls end by’ the author at
the Programming Technology Division of .17 Project MAG.. A program -
has been written esploving the PDPF-10 coWputer, ‘the Evans ‘and Sutherland
display ‘processor, and-associatéd Supporting sofiwere develupeéd by the -
Programmsing Technology Division. The progiam is ths Tool for
Interactive Graphicvdl Esergerty Room S{iTatfon, wiifol, 'for simpiicity -

and ease of discussion,’ we'call 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 mltial
investigations are co-plete. work can begin on ukhg tho -rogru -more
general.

The TIGERS systu is based on the e-orgeney rool ‘at the
Caabridge Hospital in Cawridge. lhssachusotts i It 1s an mrgency room
in the lcdiu- size range. with about one hun&rcd patients per day
arriving for trnt-ent In the next sectlons ': slull atte-pt to
describe the Caﬂ:rldne Hospital l»:lereency R,m ud 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 Community.

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 fhere. Although the
term "ewmergency room” usually implies aplace which handles only very .
serious medigal problems, the emergency :noom At Cashnidge. Hospital could
be classified as a type of ambulatory clinic. The armfv majority of
peeple :seeking nrv&«lt the emsrgency room. do not nssd: impediate
medical attention. In fact, only about five pegcent of the -arriving -
patients at CHER are what one would normally call 'mrdoncies." 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 cnnics in the area as well it 1s

»;;;*c

often weeks before one can qet m appointnnt. It is not surprising

€3 ; »,e:é’“»—?{'~ ',?_;-!x’:*

that the fnstor paced mrgoncy roo- is often used 1nstead

-\r'\ RS R

o d

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

e 7 IR
.,_,"5,“‘ i"*i ‘Jx{;

'patient entering the CHER. Figure 2 l the d:lagnosis of energency roo-

S

patients. shows that -ost patimts hlvc minor couphints such as

superficial sprains, while the true mrgmisf m asﬂcardiac armt
or major fracture, make up only a few *rcont of Mn&bﬁt&. *Fisffys
-2+2 and 2-3 shew that few patients. (loqs than ten per. cin;:) m bgought
to the CHER by ambulance (and many of dnu mm ﬂlderh& Plti.cnts
transported from nursing homes), while pn uw@}g 49 .gome Lo t!lo
hospital by themselves. Finally. less than tonpor é&l&gqgggm m&&outs
arriving at CHER have problons serious ‘ieaouqh to rnag;; 4R gth&lr hﬂim
admitted to the hospital. and many of ﬂlese %*’9’5 geat gra not true

emergenciles.

2.2.2 Physical Plant

A diagram of the CHER is given in Finurd 2-4. A typical patient
walks into the emergency room entrance (i) and immediately registers
with the receptionist. -He fills ous the ragistration ferm, 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 vassigned

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 roquires rnthor iengthy "non-doctor trugnnt' 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

hospitql proper or oxits through thc mrggncy gog,gqtunce (which is
bt cFo:" S I S D N S S s R

also the exit) (l) _ " \
A paticnt who s brouqht to C!gER lu an wulance or other
emergency vehicle _;(fus_\:qgliyrjgn a_;gqotchcr) cntgrs thc q-‘oggel;gyﬁrqo-&_i

throughv thq@ulmeemtunco (13) Ln tlli§ mr he can enter CHER o |

EE «.z o TR

wi;hout ?using tbrough the w;iting roo- or filligs out a form. The '» o

I8 DBEB B

G.%; An
patient about five minutes before the mgc;pﬁggt?ﬁ}g’i@?g&;t,g,ém the glg?!:g,_

which givos t,hu ti?o to prepare. for dnling "hma wrgn- mrggncy.

Friga

agn iz
This is n@dc possib;o by t,hrgc direct “l?,,,

i O

polico, firo dowtunt. and mlmcc sgrvices

I-odiately cgjacent to the pnin trcmt room is’ thg shock roo-

Y .,nh’,,“

(8). which is nsod for very urious cases such as cydiu arrosts. ) I_g__ )

TEW TIRGAG

is tho shock rm that plays thc rplo mt most noph nomlly

. Tainad L8 S

associate with that of the mrmc? ree- In this room are all
H rla B ABRO T mofl oL

‘necessary, supplios for treating 2 q_ardiac arrest or other very serious

s pifrengaib edd npl

mrgenc;. ovor;r offort is ndo to kup this roo- clur for such

fyoy

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

CERE -;fk“n A Doy oy

gynocological (QG-GY'I) cues. tho bed for plvic oxaiaations is in a

T Dl L 2@y i'), i::

Corner of the roce, avay 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 room. The pedintrics room cmtcin: " thrn beds and a desk and i
is used exclusively for persons under fourtesn. “ | |

 Other rooms in the é-efgehcy roo- ;i';"al‘s'u‘ll’étaff lloun:ge' (10);
a small lnk;drntofy (il) ‘where doctors can mnrfonssi-ple j“to::'n'f.".‘ such as
urinalysis, a medical supplies closet (12), and the oréh;éﬁedifé'roé-j
(15). This last room is lctuaIIy thc hospiiai's orthopedic clinic and
is not a part of t!u olorgmy room propor... \Gun not being used as ‘a |
clinic, however, it is used for E.R. psychiatric patients, Both as a
wnitindirooik;ﬁ.d as mintorviewlngrou Also. 1t is :tfixcii%fbfﬁfiai;iéht

BRI

interviews with such ‘people as ‘social workers and stafr Seabers of the
alcoholic detoxification program. e et sV T
The oonoral 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 lodi'éi;iw'sﬁppleioi;"‘iﬁf!‘;.;inéie:doik:
for the doctors' use. The records of the pationtsbioi;\g“ treated are
kept at this desk. | 7Thc'bc:§o'r- work (10 witi;guput?ent ér'e:’f:::ii"di) is
done mostly at this dosk. thouforo a tolopbm aad tho laboratory and |
x-ray rmisitioa foru are also locatod hcrg. V R

N Filling in the diagnosis and trut-ant on a pationt‘s enérgency
room trntnent record can also be done at tho nin dosk (4) Medical
reference books are thero. as well as a rcguhr tcfcﬁhone (1n addition
to the three special lines). ‘“l‘ho‘::l_ain;d;s'k is used1 kiii'ﬁii:} for
research, telephoning, and consulting uith thc staﬂ' doctor as’:signed to

assist in the emergency room.
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2.2.3  Staffing

* The CHER staff consists-ef a“receptiontst; two o three nurses, °
one or two interns, a staff docter; and, at various timeés; medical
students, nurses' aides, orderlies, and paramedi¢al students. The -
staffing pattern is shown in Figure 3-2, along with the average number-
of arrivals to’ CHER, by hotr of the dey. -

The staffing pattern is designed: te @éal with® the'time-dependent

arrival rate of patients to thé emergéiicy room.’  The high'demand hours
are 9 a.m. to 11 p.m:; from'10 a.n. to 7#:”.68‘1“&1&7! time the ©
avérage patient arrival rate is aboot five per M} there” aré always at
least: two interns and a’ stofif?f doctor. - #so ﬁﬂwhﬁ“«y there are
three nurses on duty. Theoretitally the istérne provide: the’ primary -

medical care, while the role of the. staff docter 13 tlut of a coosulti‘ng'_

e E g
physician. (Hhen tho roon boqins to boco-o ovgrcroudod hmver, the
i e fta laoo g2r 11l
staff doctor also provides prinry core ) In practice, howover. some of
ek cimis Dtenae i or zen BERY sAd Lsmven [oines ioon

the staff doctors, whilo still acting as consoltants when noeded ongago‘

G T : EH ‘;..‘“ ]

in prinary patient troatnont all the tino In such cases there aro
233 I § LT

effectively threo full tine doctors 1n tho o-orconcy roon

During the ovoning tho arrival rnte bogins to taper off until

[E - 'é IS * “F o

at night the rato is greatly reduced on tho ordor of ono patient per

BT

hour. At night only one intorn and ono nurso aro on duty Genorally

Ve i1 EL SR T AL

fron 7 p.m. to 1 a.l ) & "uoonlightor' 1s also o-oloyed he 1s a staff
- doctor or a rosidont whose role is analogous to that of the staff doctor

during the day. Fro- l a.a. to 7 a.m., hmver, tho 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 ;vassists
the doctors ia working with the patients, watching them, obtaining
specimens; filling out lab and x-ray regquisitions, and .-Ylﬁ?,lls other
duties.

Since the Cambridge Hospital is. s teaching.hospital, it has an
.arrangement with the -local medical. scheols whersby. medicel. students are
assigned to. Cﬂﬂlu assistants. CHER is:able te resyesi the number. of -
such students th.az_.;an to be assigned at a given time,  Recently, this
has been limited.to one or two studeats. The.calibrs;of.these students..
varies greatly; some function almest as smother.intern, while.others.

tend to- get ia the way and hinder service..

2.3 Need for Research

To fulfill its goal of providing fast, efficient twenty-four

[ ¥+l

hour ledical care. tha cam has to soive a Mer efm probleas ) The
first is how to deal with the increased deland Currently the CHER sees:
about 100 patients per day The increasinc Mand on CHER in the past v’
sixteen years is shmm in Fiwre 2- s. ‘l'he nud:er ef patients has risan
fro- 19 000 per year in 1956 to 30 ooo per year in 1970 while the

population of Cawridqe has reuined fairly constant Such a rapid ratef

of growth necassitates either a physical expansion of the present syste-

P

or a reorganization in such a wey that the present qnality of service )

will not be dilinished
Constraints on the hospital's aethods of laeting this growth are

both physical and monetary. Thus si-ply increasino 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

32
281+

24

- PATIENT VISITS PER YEAR

i } 1956 Average 47/day
12— LD mEeERgC . Average. 72/day

1971 Jan- Nov Averuge 84/day
187U 5ept, . Bygrage. 95/day

“07

'901™ pOPULATION OF CAMBRIDGE
e (IN THOUSANDS)

56 %8 60 62 64 66 68 70 72



e e R

that through analytic techniques. we can quantify the relationship
between the number of doctors. the nuﬂer of bods, and the types of
facilities and procedures to be used. Questions to bo answered include

1. Taking into consideration the different 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?

. 3. 1Is there a better method of luoca_tioa of the existing
resources of the E.R.?

4. How does the emergency room's preséiit role-as.an
amhulatory clinic coincide with its role as an emergency
room? Do e Tom Do
5. How long must non-emergent cases nﬂ:‘ ﬂw tmmm:r;‘
Should a triage officer be used to wsed out au-cnemlnt
pationts?

. 6. \mat s.ilplc chapgss, cpg;d streamline the work of the
oxistmg éoceors and hiurses’ of the E.R. staff?

}5_,.;,%

, 7. u wi}l variqus jrqpo ed staffiog and physical changes
- affeet the efficiehcy of Tthe system?

2.4 Scope of Present Research

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

RSV S NS S S,

' nost of the work roportod in this doculont. icttnlly mtailed?hsoarch
on several fronts: |
First the system itself had to be created; the theoretical 1de§

of such a tool had to be translated into a uorkmg WM thtt R

could implement dymnic mgdels-of” ER. systcu 'I'ho progra- that

g

_evolved is broad in scope, but specific in ':nq;a;» is. pca;ually based on

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

-

- anothor. dmnds. capacity. st.affing. orgaﬂutlon. and facﬁities -
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all can vary with surprisingly great latitude. The techniques
incorporated by the progrn, however, are genenal lnd TIGERS does
illustrate the potential of a more gcneral systol | | |
89cond1y. in order to use the usar-prientcd systen that was
designed a test lodel had to bc design;d and :uhnii ;inlented as a

simulation.

Finally. a third aspoct of the research concerned human

L f»vé'»;a :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 contlimd plckage 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 per.sonnel. periodic co-unicltinn was maintained with people at
Cambridge Hospital, especially Dr. Peter Mogielnicki. Through this
communication, valuable feedback was obtained .towards making the system
as useful and usable as possible.

This report discusses each of these three 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 quentitative nethods to e real physical
systen. one nust creete an abstraction, a mdel that describes the
TR LI e
systen in terls of espects of the systel relevent to the study Using
i1 u Y I"',"."} Ey ;"“"ﬂs"f

the nodel the enelyst can perforl experinents nllich would be difficult '

x

endlor expensive to carry out on the reel systen A well designed -odel i

Yy ST arprmas Loborn #iT Tal AT amias
can predict how the syste- will reect to chenqes in its environuent. A
Suld R Dna el onnans 21 emdd Buivass sende ymviiss
nodel cen be thought of es "bleck box" uhich eccepts descriptions of
G EE B ,gi( FERT R 33 S T R T 4 R
the conditions of interest end outputs infomtien describing how the
systen would beheve given this set of cenditions. Often setting up
these conditions in tbe reel norld is ilprecticeble. but the nodel. |
AR 1 CRN =T ] 4l »e_;t FPoRviags ofid oot .
when it serves its purpose. provides an abstract representetion of tl\e
R Do FANEY & g bBOovizg 98 Cempodons
reel world which tbe enelyst can -enipulete more usily then he can
el oavs T wy

reelity.v

Generslly, the analyst defines a set of hypotheticel conditions
few o melTagra 38d ze peulsv Iutsoa ooz e

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

Gt B

54 TREL RETER %

describes the systel's response by assigning velues to relevant output |

Ly S FET L las HUORTIAVE ZTYaram fi b
veriebles. For exuple, we light wish to knou heu wch lonqer an
vzgx 2 omet g '.,(’j‘ 3 ey ;s"-nif. {lngsjjh

energency roon patient would be expected to neit in a weiting room if
STy DS L ICETT B

the deund for service were to double. A nodel of the systen night

B 20T Udsde anlisy AR
accept as input the denand for service QXprgSSQd in requests per hour,
ER Uhy st anlwrtan 1)

and generate as output the expected weiting tile in minutes. The nodel

e i ;x-} AT
T andld g e

does not of course. duplicate all sspects of tbe systen. it

s Fey ol ot ger b pap

&, o
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incorporates only specific aspects in which the analyst is interested.
The model just mentiohed, for example, would probably shed little
insight on the question of how demand would .chingo if the service |
facility were lovod to mother location. o o o
Oﬂ:on an apparontly co-plox systu can bo -odoled well using a

-odel with a mll dofined aaalytic soluum. A lmwtr of classical

‘ Lf e D 3T Dae Y 1.-:! K TN

‘ nodcls havo ovolvcd wluch are appucablo to wltolo clusos of real world

x;si;). o . vf"f

situtions. An cxccllont mlo is tho so ullod '!llllll single server .

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

i polIYe Sa07
server whose sorvico ti-o is chauctoriud by an cx’onential probabiuty
Sl RUGArN -l AnedT 5 oan Yo Fogwodd ad st pbow

distrlbution fmction (’df ) [l] ‘l‘ho interarrival time of customers

LEPE N s g Spaer

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

g

oxponontul pdf lf the scrvcr 1s fru, m custo-or rcceives jmmediate

B ﬂ'- 3 Py ':f~”;' Y 1% 153;, EXiv1 1 & fi'r«‘:g.,_ & it
service. Hhen the somr 13 busy. mtvm cutc-trs enter a qum. .and
- FI IETUE L SR .ﬂ'z -g{_w: R ] EI Y-

custonrs are scmd in a Hrst cono first scmd mcr as t.hc sorvor
TET ARG T h g B . Loosmly leviatns sl ” P I RO

becomes lvuhhlo . '

’ T"’ “llltloa of sach a -oﬂel yields a set of equations uhicln o

exgra\ss ff"?" usoful\ ulms as . tlu exp:cto: niit:{ng gﬁ; iﬁh*a;;;;lwu and.

: cmctod nmr of poopl: in tho weuc u urn; on thc knmm or-

postuhtod plruotnrs. nvengo crri-v;l rltt :13 mrm sel;'vi;:o étt-e

Ofton a situatit;n {doos ,not chact{y fit thog :oi; b:ati i:ﬂcloso o;of;m o
e Sl T S

that s:l.gnificmt insight can still bo obtuud fro- its use. For

oxanplo. I sitnation ninht fit thc abovo wmm -odol with tho excop ’

T TR

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

ER IR eV L E R HyET

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

SR TRES SR Y T

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 these nodels with well defined analytic solutions

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

¥a

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

systens are solvnblo using conputer sinulations. Tho si-ulation

technique,,which involvos dynaically simlating@ ;';vdnts' of the real

.;,,,Ar “" -

world on a digital co-puter, is generally more pronsive, but it can

often be usod to grut advantaoe with systus tlut ara too conplex to be

Ly
PR PLiaeEat Aavicurad

solved analyt ically.

3.1 HNodeling the Epergency Room-
- Of: first priority io any analytical.progess is Lo clarify which
questions about the system .are of interest. - QOfitem these gquestions can . -

take the: form of "How dees X vary with y?* or "How fdoes x vary with. -y

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

z's, etc.).

In this section we: uutline mwm%mling the

emergency room. Basic issues are discuss‘;d., and an ntteapt is made to

P 335
a4 534

communicate the mode of thinkine nmw&ktﬂﬁ tho lodeling process.

3.1.1 TIsolating Relevant Parameters

The quality of treamom )in ﬂn inhrme ﬂospiul Emergency
Room -- and in many of the nation s mrgency rooms -- is high.
Problems in these systems arise prinrily wheg uti@sgs sagnnt gvail
ot map

thenselves of this treatment bocause the systu is overloaded Thus as

a first step in our analysis of the uerggncy roon. it is decided that
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the quality of medical care per se admioistered to'each paslent is noﬁﬂf
at issue in thxs analys1s. Therefore it addresses 1tself not to the
problem oj 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 edequate 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] o ) o

Once it is decided that in the preseat ressmreh medical care per
se is not‘at issie, the system can be ‘viewsd a& o "Service system," in
whith patients arrive requesting *service” und receive it as facilities
become’ available. - The -efficiency of such:@ systes omi be guantified
through such metrics:-as delays expsrienced by:the: patient. Thus the
following parameters ‘can be considerwd relevant indives:-of the -
operational effectiveness of an emergency room system:

1Y 'number of patients in waiting
room queue

2) time patient is kept weiting
' before service begins -

3) time a patient ectuelly spenas
in service ot

4) fraction of patient service
time not usefully spent.

3.1.2 "Obstacles Inhibiting : ERaE
Development of an Anelytic Solution

The eaergency room 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 of.the key parameter, . .
service, is-obsoured by the complexities of -the system. In a system . ...
such as, .say, a poligce patrol force,.it is relatively sasy to . define a
clear cut server and define.a distingt servige tipe.. The server.is. the. ..
patrol unig, and. the service time.is.the number of .minutes that elapse .
between the time.a uait is dispatched.em.a call.and the time it resumes
patrol or is dispatched. to_answer: anether.reguest.for seryice. . . -

In the E.R., an ebvious definities-of servicy.tims.is. time spent, ..
in treatment. But what defines tresatmept? ;What:is. $he server?. la tha. .
police patrol example, the server is.cleariy the patrpl.unit. In f«,t;he
server. But this is clearly inadequats::; ng, service, is being rendered
when a patient is lying im & bed waiting for. a.decipr to become
available. - The analyst. is then tempted to,secids. $hat: the, doctor: is the.
server, but this is equally unsatisfactory. . A -ppldent. using the X-ray .. .
factlity is unquestionshiy neceiving. Arentwente. Mt AL the doctor were
defined as the server, .the #&mms&smxm&&w%% BR- G smes
receiving no. service. . - ... i1 i mandiamn e

Thus: -the::analyst of the hospital amergency room is guickly Ly
confronted with the problem.that there are several sypes of treatment .ipn -
the E.R., Akl of which constituse "servipe.s Senwiesicwn take the forms.
of treatment by trained personnel -and/or-use of physiaal facilities. -
(Personnel doss not . only mean dmtﬁﬂa. however ;- JUshoas important oare ;. ...

the nurses and paramsdical .persons.). . -

I e SIS R, R IR T R e e
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Not to be ovorjiookod is the problem of hew to dedl with "blocked
time." A patient is said to be "blucked” when-he isiwkiting for a
resource (e.g. doctor, nurse, lab report), but not receivifg any other
‘type’ of Sérvice. Large amoants of blocked- time indic¢ate-that more of
that resource 1s neaded in order to be eperationlly:coipattble with the
rest of the system. - For éxample, & l-anof"mrioi.t@ma;wuid:»Iw-
worthless if, even though every patient reqiesting sefvice were
immediately assiged abed; he spent most of-his time ih:a’ *doctor . . -
blocked® state waiting Tor'a doctor:  In-such’a’dystem, & wasteful
imbalance would be present: if the demahll idve large; more doctors

would be needed; or il the demand were sot- $¢° great, then expense has

been wasted oh extra béds. In' any claséicil’ setving Systeirmotelk; 1t is
assumed’ that ‘using the resource: that 13 the’ server: (or psrtiof tt)
- constitutes service. In the: emergeacy roow, hWowever, it 1is possible to
have a patient who is really receiving no service eitept: in that he is
consuliing ‘One ‘0f the resvurges. . =~ o’ i |

* Another classic example: of blocked tise 1s-the pattent who has
been tredated -and is essentislly reudy -to be releused Tve the E .R s but: .
who, for one reason or another, is still occnpying-avmmmmf &
situation might oceur, for example, in the :c¥se ‘of -4 Wyed Person who
cannot leave unaccompanied, but wihose compawion has not Yet appeared to .
take responsbility for iris. Another instence of this “exit blocked”
state often -dccurs for E.R. patients wio ‘are finished with all E.R.treat
involves a considerable amount of administrative -ovérhesd; mﬁ it 1is 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 emergency 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 is
in -lingth ‘of time of service. Patients in:the:smergency roem receive
not only different lengths of service but also highly varying types-of
service. A patient in a blecked state waiting: for:a:doctor 1s,§n1y
receiving service in that he has a bed.: At the n&har:;xtaemowis:l-
cardiac arrest patisnt: -whs: may be: receiviag, umim from: «auﬁnmus;
faciiities: (defibriliator, meaitoriag: cquipment,: ate:}: and:persempel: o
(continuons: service: from: several docters amd Rurses).: Betwsen the two. ..
extremas are a range of situations difficuit to.clessify. .

One example is: patient observation.: : dometimes: it is n&co&ﬂry 5
for a patient simply to waist in a bed for:an.fohssrvation peniod.® A .
patient with a:drug overtoss,: for: exampls,: will stay £or-a few hours to..
mak®e:.sure: that there are no more compiicstions. During:this time, &
doctor :or nurse will see him a few times,: but: mmwstm ek
waits until the doctors are sstisfied: that he is well: enough to be
releasad. A person under observation:uses up a bed, hut how much ..
personnel time does he use? What service is he receiwving? . Such
questions have no well defined answers. - = :p oo = SRTS PRSI T

| SInilar.qunstiousuctn;hy‘dsk;ds!hout: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 bloed 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.R. personnel and facilities. The E.R. is not a closed
system. It is common practice to have a doctor casiled:from the floor im-
order to consult with one of the E.R. doctors. The nost frequent
occurrences of this type occur when a surgeon or en orthopedic :
specialist or a psychiatrist is needed j Also, in the case of patients
to be adnitted a doctor fron the floor is celled to initiate and
supervise prelininery nedical care (cere edainistered before the petient
is actuelly officielly adnitted by an e«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 ney be involved in the care of an E R petient The -
most comon of these are the x-rey fecilities .and the laboratory (used
for cultures. hlood enelysis, etc ) S'»pet:iuﬂel:si o‘b;tain?e:; 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 generel
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 ewtire discussion of = -
the complexities of the emergency room: has been -the-idea of bulance.
Smooth and efficient opeération of -the "emy room-is absolutely ' .
dependent upon a preper balance existingiistong the available resources.
There is no single server in the emergency room. Heds: aré useless
witheut personnel, and personnel are wseless Withewt ‘a:place te wirk.
Carrying this idea one level further, doctors icam ‘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 eof an.
additional unit of amy resource is highly depensent upon the existing

quantities of other resources.

3.2 The Hay 1972 Study

In Hay. 1972. one of the first efforts 1n mrgsncy roo-
.analysis was undortnkcn by lhrkcl Purks. Shiclds. -nd Heissberq (3] |
Their purposo was to gain 1nst9ht iato the mtorrplat:;t:;Mn betwun
nuﬂ»er of bods, stafﬂng patterns, and arriul ute of pltients. 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 relntionships - | ‘ . A

In some nys. thc TIGF.RS -odcl is an extmsion of the nork of
this Hay 1972 study. In this scction, we thcnforo discuss this study
:ln considonblo dota:ll In tho last sect;fon m:udo 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

also an oxtonston of that attolpt

3.2.1 Simplifying Mm:
- It was decided warly in the analysis that the emergency room BN

could be viewed as a multi-server "service system' as described in
Section 3.1. ‘Omce it was decided which parameters wers relevant te the.
analysis (end of Section 3.1) it was Secessary e mekeou;aumber of
simplifying dmuma " This is mecessary for any modeling process;
factors which do not siganificantly affect the.parameters: of prime

concern can only add overhead.
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It was decided not to include prs-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 -aventually .going to
strain the capacity of the system. . Furthermare, although .an ;amergency
such as cardiecdnrressirequﬁping,thesensﬁreimnengeneyinOQRAstaff for an
hour or more ssriously disrupts the system, it happens :so rarelmthat ~
theziacilitsesegt:thebslnokwnoe-unceitl-uhﬁibyatﬁiuhneniaeﬂ to. be
adequeate to Till present mneeds. : (The -bed adl th :the defibrillator,
etc. is at this time used only for pre-emptiwe smergenciss, not for nen~
emergent patients.)

Another essumption involved peripherel facilities the use of
Sl R

the psychiatric. pediatric. gynecolegical, and alcoholic detoxification

sd fk Palfan osboam

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

| SPP)
s Faiepy

and the facilities used by these depertnents are independent for the
D2 Tt Ta i

most part. of the generel nedical treat-ent roon For this reason the

Bt uma At w1 s el s 3
RIS e 110 FRER AT S S S R

nathematicel model did not include these facets of the E R

'I'he physical cepacity of CHER is ebout seven patients in the

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

petients are seldoarcalled in unless there is a'bed free) However.
there are also a few chairs', H and neny pntients.u:lot ink;need of a bed or
who come back fron x-ray and find no beds available. sit in chairs.
Fron the physical size end layout of( the roon and fron their own |

&

observations, the teal deternined that seven was a reasonable estimate

e . E e T B3 s Gyt s i

of the naxinun nunber of adult petients in the systen at one time. ‘(The
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 prevented from becoming "flooded®
when those at x~ray return.) - |

.Because the rete of arrivels st night sas low, it was decided
that -1t would be inefficient to increase the night staffing above the -
present one-intern policy. - If too many mW be hundled by one
persom arrive, the dmtsru can call slsevherwiwithin the hospital: for -
help. -Thus, tie Markel ot al. madsl concantrated on & duytime situation

. with an arrival rateiof five peepls part hows-and & ataff af ‘two interns -

and one staff doctor om-duty. .- - . ¢ v BEeo il

322 Tho'l\voStgo!todol

-

'l‘ho uin objoct to bo lodolod m tbo moral troatnont roon.

-~

Typically a pntiont 13 callod io by a norso. ‘to usi;us h:ln a bod ond
takos his vital signs ?pulso.atonpontoro.otc)ibéof:s:hoais o;oninod
by a: doctor. Hhuo a potiont is 1a tho o;ormcy roo-. ho 1s soon nny '
tms b; a doctor. uwolly for p:riods of l;hot:&:r t;vo. l:;thor than
for one unintorroptod poriod ' ln odditioa to tllo o-;r;oncy roo- doctor.
the pationt also rocoivos a mﬂur of noa-o-ormy ;oon doctor :
sorvicos. such as loboratory tosts. x-rays. co;sultiay physicims.
nursing. ond rostina and nitlng. {T!"io:;ﬁ:u;n-d;;t:r"?:ior;icosbovorlap |
uch othor and ovorlop thodocto:’ tio: ;l:o (o ;{{I ;urso o;éonl;olss

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

.
2

should bo lodolod as tho sul of a rundo- number of rmdoa variablos
i hmsipnedan @eed sdr Zaoilegioosdo

intorsporsod with a rudo- nuﬂnr of random-length m-doctor sorvicos.
GeommEinye 1tk sramrdan fiuhs Yo vad &y P :
Tho opproach thot tbo tou took tmrds fittinc tho olergoncy

ARy

negt hing oeyin favieadds o st

room to a lodol with an onalytlc solution was to dlvido tho tine a

g [T e

patient sponds in tho enorgoncy room iuto two cotooorios- "doctor" ond
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"non-doctor® time. That is, a patient in the emergenty: rodm receives
two services, those of a doctor and thosé of all other Tatilities and
personnel. An inherent: iupoftant aSsﬁtl%ﬁ;"ﬁ‘*«imdﬁi Rey assumption of
their model, 1is that all non-doctor time and a1l docter time are:
aggregated into two uninterruptéd service perieds. -

“All patients are assumed to dvail theiselvés of non<doctor -

services first. This includes nursing;, being swen’ by noiembrgent

doctors on & consulting basis,” getting & Dlood ‘test oF X ray, oribeing =
unider- observation.”- Next, ik the mode) w11 Petiemts wre Reei’ by 2’ dodtor
for an’ uhinterrupted period of teme. When fiii-docter Tohctions overtap -
doctor™ functions (9.g. being Seen' by Doth & dottor whd a nmursey’ the time
is c%ounted" as being “doctor time.® “ ¢ & Ui o Pomos D ph w8 PaaiNTIBE

' ‘Peceuse there' are et Wodt thrde reéfirl s’ dUtRors A the-emerguiicy:

room at one time, and one of these is the staff doctor whose ol = 71 &«

theoretically is as a consWItan® for the ‘ihterns;, ‘ i* of people
beirig treated at any one time is usually sy ‘vheif S¥veny - Wlitle ‘there =
are seven “beds,* ohlyfhm -0f them can e woen by & Uottor At once.:
The others, if ‘they have-finished their wen-doctor sevvios (no other :
medical Sreutment ‘Being wiwivistered), ave gensidered to -be 'in &
"blocked™ state, 1.¢. waiting feor a.docter. -

Since the ‘téam decided to condentraté theiviandlysis only on the
physical ‘capacity ‘and ‘the number of doctors :of the CHER, “their model
does not explicitly‘accdunt for nursed; Wédicdl studerts, paramedical -
students, orderlies, etc. They .dre, Nowsver,  -fndorperdted bwto “the nen-

doctor time of a patient. T P ALl




3.2.3. Nodel Structure

~ The team's model of the emergency rogm.is. shewn.inm: Figure. 3=1.
Seven patients can be treated at gne time,. and each patient receives. two,

basic types of seryice, "doctor” and: "men-docter.”;.Waije seven_patients

can be in the system at any time,. only thres or. fewer (assuming thers
are three:docters ea duty) will be. seeing. a. docsar,at. any; ope time. The

remaining. patients will. either-be recsivimg oars other:-than: from an .

them. Thus,the model 15 & two 5808 SMItirseTVer: sNstem,, wish no. quane, .
aliowed betwesn- the two atages. If x dectors ars. buay. with,patisats, .. -
then 7-x beds are available for other patisnts, beth for non-doctor .. .. .

services and for waiting to see a doctor... A queun:is ggm to form in

froat. of the first. stage of the. models Ahis ARGUR. GORNMSIANSS AP the
waiting room... . . . o e b iads wo e Rap amed e '
- Service: times are assumed to be exponential. The distribution. ..
"of .doctor and: n . 4ines of & 100K asmpde, taken: for. elevan hours .
of observation. onieack of 4w days. i& shaw dn Figue 3-3. . The

distributions suppest MWMQWM#MWSW

mean doctor. time is the:paraneter 1/s. -and Aiemees Aon-dostor Sime 48 .
the parameter 1/8. "For the firet medel'ef Whe Jxesent :Sysbem. it.mwms .
assumed that twe ‘iaterns and 1 -906f 00T TS on ANty &0 the =
emergency raom and that she staff decter ‘Mﬁ&&imﬁwx' Jrole,
acting M A consultant 40 'the ipteons. . It-mas ﬂuglm. however,. .
that when the syatem.was full.(seven pasients). the staff -dector would
deiiver primary care. Because the staff doctor wis Bet as:available :for

help or consultation while he was a primary server, it was assumed that
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‘ Figdre 3-1 Two Stage MS‘delstéa by Mi‘arke‘T, e§‘ al.
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the average time needed to care for a psatient increased; was used
instead of

The arrivals to the systeam 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 niglw to 4 % aeople per
‘ hour during. thn day. Tho model has sovonty—six states, m
characteriﬂd 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.
doctor, the number "blocked," and the n@ﬂper in the gqueue. Length of
;;m waiting room queue was limited to five in order to keep the number
of states of the system model from beceﬁm unreasonably large. Also,
,Observuions indicated that very soldo-%\ijre-thoro more than f:lvo people
-1n the waiting room at any one time. o b

The preliminary work of Markel ot al. provided evidence ‘that the
two stage queueing model can bo uscful . There was, hmvor. t,munsus
a si-ulatiéa would be much more flex”iblc -- M”ftt’i-s of roscurcos
}could bgre(sily manipulated. Second, since no snalytic solution would

~ be needed, fower Si-plifying assusptions §oou1d ho necessary.

R e itEE TR IR
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" CHAPTER'Iv: TiGERs

4.0 Introdustion . . . CioLo o otieny

| As nntimgi in Chapter. I, tb@ prasent. raseanch. was. motivated by
the goal of creating. an; ana 5001, Whigh might: be, usad by the.: . .-
hospitad- administrator, and which. could ald Jm dnidaing. the
commwnications gap- that sxists. betyean. the: adplmistrator and the
analyst. The design.aad implemsntstion: of. the: Rrogram; TIGERS -rﬂfﬁmﬁt ’
the greater part of the work of this resaarch.project. - A-direct. .
outgrowth of the Markel st al. stwdy,: the: TIGERS system was develaped
with two main goals in mind: 1) to design and impemems; s similation-. -

based modeling enviromnt which mld nacassitato fewer siaplifying

soirslunid [83id40s1y seiris0d

assunptions than the model developed by KFYT “Purks, Shialds, anc

-

S he 3 Ao Dol pl paessooniivas DAIUIY

inssberg. and tlms. make possibla a more detailed aad policy-relevant

e Fruness ped ”3 oy 88T Anide o o SR
nodal- 2) to davaloy a -adiua of ce-uaication for prasenting the
oL cexvs Yo soasirez g ossdudsXs nofrslumc s oy ounr
quantitative results of the aaalysis in an intuitive manner raquiring
Tommse wed . soe avudgt elpbedps wibas esrsd 33ul pasrly

little training in systm aaalysis to comprehend. Pursuant to tho

g c o - -d Iraipsg bnedt Fosvs erly alfsn
goals outlinad in Chapter I the primary research affort was

oA HEEEF I P Yo Fasoz =43 sinsmenosb o renzs
concantrated not on dasigning a highly accurate model of a particular
£ 3% Bioa Cosag e Toyod ed¥ 2rtasasnonl Lo o FleaTL
mrgancy room, but rathar on davalep-aut of a tool which could be used
..... * corxy E RN U RS 0 [ Mt o E;@j‘gf sty ﬁM%~;3 IR m
for such a purpose.
i SE LA 14 Ty ~¢3;“1:?‘§3:3 &4 a0l of

Any analysis of a public systu is almost nacessaril} a co- ‘

AsVE "YBTex o2 smp o hinss

operative effort shared by thehy anhalyst&and the public ad-inistfator, if

P -Ng R £ 9+ 1 341 Giie L ETITE

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

BOOT GIENIESTY IRD

The analyst has effective mathematical tools and skills, but it is the
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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
Roon Simulation is'discussed in detsil, isﬁtkiiﬁv‘itMt‘ﬁf“‘scribed
both from the point of View of the HoSpitad aulhistrator and that of
the analyst. WUe first define the type of simwlitiod” upddy which' TIGERS
is based.’ ‘We then' introdwce the ides of° graphital iftevaction and the -
modeling philosophy which makes tm» TIGERS wodel ‘Sdmewbat different from’

other simulation models. MNext the user viewpert and iiteraction with - -

- the wodel are introduced, atd finally the: idea Of TIGENS ¥s’ a'wodéling -

environment iz dicussed. e . Coip i wlAO% a7

4.1 Intoractivc Grlphical SMatim

‘rhe TIGERS cnv:lromt 1s buod upon a so-callcd ennt pcced

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

wiinsg oA isvsh

bases. and tho sinulation mcutos a uquonco of wcnts nh:lch uy chango :

e R

PR VT v Wz [ AV RE 2313 10 L4 Prtae A :

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

Tk \v_w;"Agﬂ *‘!C: ?}'g ﬂ? i” il

“might incorporato tlu ovont 'sond patient to x-ray. This cvent chmges»

TP T 4‘3,"* ?‘; *f-';;:’ ,.L “"'“f'} 'J ui \z, YA 19 £ s

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

iy
PSS R RS

: treatment roon, and incrmnts tho count of tlu nudnr of pooplo at X-

-~ o
k}, R FETOINED B 54 X 3L 00 T 5 ER

ray. It may append the patiout to a queue of patients vniting t’or the

CEBRGNGY

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

zZ H 21

the "send pationt to x-ray' ov.nt win dotorninc how lmg the patient
w111 be at x-ray. and gcnonto anot.hcr ovoat 'rett_lrg frou x-ray to the

min trevatmnt x_'oon. * _ e
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In a typical computer simulation Anvirgqggqﬁlixhq;qsqyof“a(
simulation program involves three steys? l)JA:@o;@ot_gapanoter‘values is
determined. 2) The simulation is:pum for.a. preset lengsh of time or
number of events, or until some preset. condisien is met, 3) The printed
output of the values.of variables deemed.impgntast is examined. These
three ;steps ‘may be:repeated-:a number 'of stimes. . Aklczinformation
communicated to theruaar,frei«ghc program-is transaitted -through the
"printout.".

The philesephy :of -the - TIGERS program.-differs:frem that of mest
other simulation programs.. A-simulation under-RIGERS:is an interactive
graphical-process; i.e. a-process.which./mainstains-costinuous two-way ..
comminiedtion betwesn the user:asd-the progrem: ke simylation
cemmunicates with the user, nos through campussr-printous,:but through a
dynamic 9?!’!1&!1vd£8.§l¥ﬁ0ﬂi03683%§£090.53§lr0ulk shisanadiu-.~llﬁﬁﬂs
keéps ‘the user ceatinually informed-of-the: preseas-state:of the: .
simulation. As:lbe is monitoriag tha:progress:sf:thes:simulation. the .
user has the:ability at any tiwme:te stlrxnQrﬁitpoﬁshoqatlulatiﬁn or make
paplnotar:éhaauos or roaaes&siafar-:asqn.ur;dtsringarnc&ivengraph&eal
.naturewfacilita;.s\usevby;thandnsﬁorsor&auhaicn:npindszratoreaSjwnl;was
by the trained analyst.: Mere accursialyi-she sight.sey: thet guch:a..:
system dsnccessiu&:ty.xho:tk. and thersfors: mnmﬂﬁl}' serve as a_ -
focus towards creating a mere effective ‘taam. :in:the dnxt:ﬂ sections we
shall discuss in greater detail the rtnificatiensAof thesa-grephical. and

interactive aspetts of the progranm.
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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 aad investigate the state .in depth. If he

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

freo to do seo. Thus simglation ‘in a TIGERS-1ike eswironment hecomes: &
process which the user can continuously :ebserve aad :4n .whigh he can
‘participate. Such a program is not boumd :to the three steps dascribed

aarlier which characterize mest-other simwlations; ‘mmiphinal trace

creates a situation such that m“ progeam cen he rue for as long, but

only as long, as the.user deems it useful. :

4.2 lntoraction Hith the Si,lulation

Ilplelonting an E R lodel under TIGERS noccssintcs 1nteraction

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

hierarchy, but if forced to diffarentiate, .one sioht isolate two priury
facets of tho use of TIGBRS On ono lovgl. tlu progru is an

b
interactivo graphicul slmlltion with uMch thc usor can oxperilent with

a given nodol through use of the procru's two onrating -odes On
T . h . = -
another level TIGERS is a lodoling -onvi.ronnnt nhcro subroutines are

written and data bases are structuuny mdu’iod er so-oti-es sven _

nowly croltod

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

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

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

1

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

LENE L FRE

R 7
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4.2.1 Phys ical _Facihties

The pregran TIGERS communicates vit.h the user prmaril& through
the graphical disphy on thc CR‘!' sc:ma Ths usnr. in turn, can give
-comands to TIGERS through the hand-ﬁheld st}ius (pen) and tablet.
(There is also two-way communication thréagh tha teletypewriter, but it
1s generauy umacessary at the user lovul ; ‘The Pacility is shown in

Figura 4-1. Tba user sits in frontnis thg- cnruuh the tablet .

horizontal directly in frea% of hi.nr a@d tablet allow the user

to "‘po:l.at' ta objscts dtﬁphged , tx ‘ ;'ike{;—"tab»let;:g.;;:};.;urface

that is sensitiva to the pesitian nf tha stxlus., The sa‘rfhcé o'f the

tablet. maps Jmto tbaﬁ f&ca ef the eba& »touehiaa a paumt on the

',scone.,_ In this diiﬁassj.on when we. nfw tg

tha tablat. ({n aetual Ause, the us‘f
touehving the tablet. -:Because the m : tsplayed on

the scope, the user feels as if he A e tiin . ﬂsnlf )

‘Hbi' nhe aragran is ‘running, the uam- ae point to or twch

5

dis m ob.mts

Certqin °N‘¢¢" called ﬁsi’lﬂy buttons are s

touched hy tha ; ;md it. 13 through the display buttons tha ’Mw user

ean e:lve ', : ;f

61_"!9‘1‘ e Q: ;
initialization ef e

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
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Figure 4-2 The CRT in Simulate Mode Just After Initialization
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appropriate number of the appropriate symbel (stick figure) in the
sector. ‘The clock at the bottom of’the”sc?een“indicates'theuelapsed
simulated time since the last START of the simulation.
Three of the sectors are indicaters of avaiiable energency room
personnel‘ | s
Nurses -- emergency room nurses‘ | ,‘h Fﬁe (;esifflff

E.R. Staff: -~ docters'(incdud&egaiuterlsa assigabd-~
full time to the etergency reui- Pt -

On Call -- doctors who, although not stationed in
the E.R., can be eal’led intﬁ‘ fthe E“‘R iillen
it becoies‘%reuded no i :

O TR B T AU S F TR :
These three sectors indicate number of staff uno are on duty and not

A

busy, i.e. ready to treat patients Thus nhen the progran is

},,‘

initialized these sectors indicate the total nu-ber on duty. since at |

g

time zero none of the staff aenbers are busy. Thus the paraneters of

S g B

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

T
JEREW: ratiie. s

and one doctor on call

Hhen the silnlation is initialized no patients are indicated in

g - A
gzt R e

Slar e

R

any of the sectors. because patient arrivals do not begin. of course.

until the simulation has started

The sector -arked “Haiting represents the waiting room. As

RS S

the simulation generates arrivals. they are assigned to a bed if
possible. If this cannot be done (e g. if no bed is free. or all nurses

are busy). the patient Joins a queue in the waiting room.

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

ST

main treatnent room. The bed like objects represent beds Associated

with each bed are four 'fields' (Figure 4-3) Field 1 is the patient

location field (Figure 4 4) | It indicates that either the bed is not in
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use, the patient is in 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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N

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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... Figure 4-56-Bed Field-3 and--Bed:-Field .4
Seven and Three Possible States, .Respgctively
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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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0 NURSES]
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_ STRTISTICS
WAITING B4z 26 * Oor

_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




82

"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, '




T P B T S R e GRS o e S L ot

83

npooonoo

a MeTIENT . 'LYRJ

O FETURN TO SIMULWTE MODE

Figure 4-9 Using the Blackboard in :M%'difﬂy; Mode




_whereupon the average x-ray time of Type 3 patients will be changed to
20.0. The interested reader will find-»: more detailed description of

Modify Mode in Section A.13.

After he has modified all the parpcn;s Qct be ni”"g;s_. to

4.3 TIGERS as a NModeling Environment

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

LN 5%
valid model has been formulated and the appropriate programming

e S ¥oog T

co-plotod. In this section we delvt mors deeply u{:‘éhc logic of
b & g ‘
TIGERS, and eiamifie the 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

o TN .7 e R O P .

formulated lodel .

4.3.1 Creating a Model: World Lines

of Jo ting ¢ room model is formidable.
e ’”* f!ﬁ‘%: %R h,g wm - grupti

The problems faced by the Markel et al. group (ses 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 state represented by a node Therefore in addition to

\ikd

associating probabilities with each branch a conditional probability

x

distribution function (conditional on which branch is chosen) is

[N

generally associated with each node

T S
iy L

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

k¥ agren o faineeloirean onoen zenh s ApUSAFLn &b
mechanism to fulfill the need expressed in Section 4. Z In that section
lmie phedfen IaliY lehs gefig snoo
it was stated that developing a model in TIGERS neans writing a scenario
SUEOIT e cize-Yevisss eds L 00 T ¥
for the way in which the given data bases are to be -anipulated He
TR fLEsionp el Ene ldandseczs ariylifamis Dowe o s
note that this can be done in three steps'
SR L slgmis oY e Bosial s Ausl 27 eyl N
1. Formulate a world line tree which incorporetes all
the possibie:vorid:lises:sbat.mightabeiasgetiatedswith-a. i o0 ?

patient arrivinq to the system.
b S £ ¥ o babised ssd Jeglsns “ﬂq 3500w .
2. Assign a probability to each branch of the tree,
~sush:ithat the:sumbof the probabiltitimi:eof shezbDiramches below’
each node {except the terainal nodes) is unity.

*; THtetns wiss o1 20 oridA¥ ob 63 vew vigo edl

3. Assign to each node n probability distribution ,
funcgions  (wheré: n is: the nusberiel bianches smanating from -
the node) that give information about how long a patient

will spend at that node, if he reaches it.

SRR Gh IR LR R

"4“‘)

In real:1ife,. the world line:tredidébociated with: a: patient
arriving:at:the E.R..has: an extremely large: neibet of branches and
nodes: . However, the probabilities associstbdiidth wosti of thée: branches:
are near zero. The TIGERS program differentiutes among patient types by
assigning differentasetsfofioodaa?%d?siihd brantbsprobabilities>te!eaCh“
type: of patient. {Theaprograaner:oaaﬁerfeétIVelrﬁaisige;different?treea
to each type by setting: certain: predability'variublest te zero.) - The Job

of the: analyst in designing a:medel in:TIGERS 18' td:formulate trees:
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which ignore the largely irrelevant branches and ‘mcofporate the

relevant ones. Once again we are faced with the trade-off of accuracy
versus pl:ograming ovorhud Clelrly 1f tha nodol int;orporates details
that have little eft-'ect on parmters of mterest conputation ti-e 1s
wasted. On the othor hand, if not enough detail is 1ncluded. the -odel

may not provido uscful results

Thns althouﬂ lu doos havo consldcnﬁly mnt{}ésﬂ;i?uity thnn he
‘'would have if ho were usino uulytiui uthmu;uar t:ihoso of
lhrkol ot cl.. tllc mlyst-uur of ‘!‘!ﬁm still ;;;;t&ﬁid tlu uud to‘ ‘

make clreful sinplifyinc usu-ptious in mmtiu a lodcl

; -

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

por A EIE Laaiin

tree withont ilvll“ttiu mmvrmuu 1:~ﬁﬁt«it lmmgh«. But

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

Tiibde ot B nmiz2A s
line tm. 4: nuins m nusa nlm su m “u’dﬂx ud:rbnneh
Funndg ] sho <

‘probabilities. ‘l’lu only uy to do this is to nn uufnl data in the -

1 ik de 3. k-&& J

actual o-ormacy ro- -li aleuhtv Wm nhwﬂm tlou data.

3.

=420 g kxﬂ U S

. 4.3.2 Implementation

© We. bave: salid-shat- mmnmw an: efivironment in

which the ssalyst can impisment an emergency reom.modsl; :implsmgntisg e
medel.inplies writing A simsiatise: : Even: within:TIGERS, thesanulysts' -
must still write the simulatien; the progrem;will adt:d® thds:for him. .
(at. least not yet), -However, TIGERS doesi.makycthesjob:sigsificantly

easier; it provides a set of subroutimes,..presecols asd dats;bases which
she analyst.would: othexwise -have: to. design:himself: :For aclacge class::
of models, the analyst dees not have to-wnite nswireuines:er crsase. new

data bases himself. Rather the process of implementing a wmodel usually




91

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:
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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 harkelletkal is that
the 51mu1ation is capable of taking into consideration considerably more
detail than the analytical nodel However. unnecessary detail can only
impede the modeling effort. It is desirable therefor;min building the
simulation model to take advantage of the capability to explicitly

manipulate details. but not waste tine on non productive computation
"Ideally. one wishes to consider explicitly in his uodol all such factors
that do heve significant effect, while at the same tine keeping the
model as sinple as possible Too nuch detail is a common pitfall in the
design of sinulation nodels | | o

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

Is the patient $ 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-erpency roon have in fact very
minor problems. (See Figuros 2-1, 2-2 Z 3. ) Such a patient should be
dealt with explicitly in the sinulation model because he demands rel
atively little of the energency roon's resources. and his stay is
generally short. ' R

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

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

patient's stay in the energency room significantly longer Furthernore
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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 made.

The world line tree upon which this algorithm is based appears
in Figure 5-1. Briefly the algorithm can be;despribed as follows: A
patient is seen by the doctor one, two, or three tiaes. dependlng upon
the complexity of the treatment needed. On visit one 1t 1is first
decided whether the patient has a pro@lea whiéh~can be espeqjaily easily
and quickly treated. If so, the paci;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‘the patient will
use the x-ray or lab facilities. ~ o

Doctor visit two doe; ddtwoccur until after the lab report (if

it was ordered) is returned :and the dlticnt}has returned from x-ray (if

Hany,

he went). During visit two it is decided whether anmoutside consultant

physician is to be calied. SR i o

The third doﬁtorfvisitfoccurs only if a consultaﬁt was called.
The patient may sea'the doctor a third time when the cOnsultant has
left. Note that the more complicated a patieat’s caac, the larger the
demand onrn the E R. jdcilitios and personnel. | v

At this point the readerbintére;tod in further technical details
should read Sections A.7.2 and A.8 which describ!f;ngumodel in depth.
Figure AQS, which is especiaiiy useful, is a flowchagt;theh}describes
the algdritﬁn used to implement most of this threa?;isit ﬁodel. An

important aspect of the algorithm is that: libsﬂictsions ‘based on chance

are binary; the. entire algorithm is basﬁd on yas-dr-no questions with

"probabilities of yes (or no) set by th;‘uger. 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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RELEASE O ADMIT '"bs‘g"m-’

98

NURSE

X—RAY

RELEASE ADMIT:-\ o -
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World line Tree of Current Model
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control than he might’otherwise.

A goal of the model design was ghag naqgr fapggrs 1nflgencing
length of patient stay and aﬁoﬁn;iqf resourcqs‘neegg§ ;g be explicitly
variable 1ﬁ the model. These aré the vari?blqu;nﬁghigh the
experimenter will bg interested. In Se;tion A.B;grq 1temi;ed all
parameters which are set by the exper;lgﬁtervig thé current inplgménted»
mode}; We nqte tﬁat}egch 6futhe giigiqéi qugs%igns‘,éntiongddgpove ;;’ .
explicitly éénsi&éredyin thq no¢ell;ndf§#n-b;jvééigé‘éyitﬁg\ . |

experimenter.

5.2 Defining Patient Types

The world- line tree discussed in the prévious section répresents
all possible world lihesifor’patignts‘ﬁnd!rféhis~€és§§médél;“" 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 ﬁé*iﬁbiémented.

In choosing to implement three types of -patient in-this model,
the experimenter divides the populatien of afriving patiefits into three
classes. The criteria upon which this vision ts dased depend upen the
information the user wishes to extract Jrom the model. By setting
certain world line' probabilities to unity:and others- to zero, the user
can effectively assign a singleztyﬁe'io*gilfﬁatiénts with certain world
lines or classes of world lines. In this manner, the user can isolaié
any particular classes of patients that might holq special interest.

For example, suppose the user were’anyénergenéy room planner
interested in drug-overdésekpatients yho’spépd avqrgat qngunf of{tiﬁe in

the emergency room bed under observation. These patients, once initial
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treatment is over, often require little additidnilatreatpent.‘ Tﬁey do,
however, often occupy a bed for hours, tﬁégﬁ;aiipﬁia?SigpifiCant:denand
upon tﬁe E.R. resources. The plahner iipﬁf‘65~i63kihg;fbr wéy; to |
reduce the demand on an overloaded ei.fg§a¢yaééa., and cbnsi&ering
setting up a special observation area for such arnp-ov;rdbse p;tients.:
In settiug up his TIGERS nodel this user assigns lll patients of this o
class to one typo, say type 2 ' First ho sots thc'p;riv;l rate for this
type to the appropriate nulber based on’ data gathcreasgé t;é hospital
Then he assigns the value one to the probability parameter which o
describes the probability of of a patient’s undgrgqingﬁqhgqryqtioag'
Finally he.assigns parameter values fos the gther .»txn‘g.;.,»baapdna.n the
fact that patients.of.these types and.patignts.of.type 2:are mytually
exclusive.

When the experimenter finally ryas the simwlatien, -he is able to
explicitly observe.how.much of the overgroyding. is being eaused by the.
type 2 patients. Alse, by setting the arrival rate $o- zero, :he can
ob;prvg the effects.of .removing this typs-entirely-from the emergency
room (presymably ¢o the special observation:.area). .He-might.metice that
the removal of the type Z patisnts had-little effect,.or.he.might netice.
that the,introducfion‘pf the special observation.area has: solved the. .

overcrowding probles of -the main treatmeat .rogm. .

5.3 Assigniqg Parameter Values

Before running a sinulat1on under TIGERS the experlmenter nust
assign values to nll the variable paraneters of tho -odel for each
paiipnt‘type Figures 5 2 and 5- 3 are the sheets which the experimenter'

must fill out 1n order to supply para-ator vnlues for the currently 1- -
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Value Variable
X,.3,.5 | XR? -- |s an x-ray necessory’
X,.3,.6 2 LAB?-- Isa |uboratory anuly&is edﬂed“ for 2

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

S, X, X 3 NUREX?-- [f-the po‘hem does %eave mmedmfely,_
does he see a nursefirst? - :

X,.2,.7 4 ADNHT?-- Is the auﬁem to be u&mmed ’I‘o the
hospital proper ?° :

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

X,.X 5 OUT-AFTER- CONSULT?-- lf the pqtlent does see a
consult “does he exit immediately - aftér séeing-d consult ?-

X,.2,,2 8 OBS?-- Does the patient undergo a period of
obsérvafion béfore he ledves the' §ySté‘m 9 SR

Figure 5-2 Currently Variable Brdnchihd Probabitities
(Typed numbers refer o position.in Probsch vector).



102

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 wamna fbr a consult

X, X,20 5 DRCNT - ‘time spent on second doctor v:sn |f
consuit is, scheduled . CLT Lo e = TN Sod W

.8y X X 6 DRIMEX.-~ time. spent: yuth doctor before ;mmedaote
exlt - 24 , T

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

X, I,.1 8 DRNXNLT --.time. spent. with. doeter; gn Eirsf doctar
visit if no lab report and no x- ray are scheduled:

X, 15 X 9 DRT2 - time: spent. with..dactor @ﬁgecqnd doetor
visit if no consult is scheduled

X, Xt, 10 10 DRT3-- time. spent umrgdcctor on. ﬂ'nrd dogtor -
visi

S A SR NI £y F TV I Lol T R L KR Lo Lo SR8 o #
X, 10,10 |1 DRXT -- $ime spent with, doctar.on, sgeond doctor
visit if patient is sent to x-ray

X, 15,15 12 EXITT -- time spent in exit blocked state before
leaving emergency room

X,20,20 I3 EXIT2 -- time spent in exit blocked state before

leaving emergency room, lf pcmem has undergone penod of
observgtion. . - S L SRTY &

99,3030 14 LABT -- time before tdbornfory anatysié results
are returned

|2,|g,,~|2 15 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
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plemented model. The former comprises the probability variables; and
the latter, the means of the various probability distribution functions
(Certain of these variables are currently attached to display buttons.
The others can all be veried through the teletypewriter As has been |
discussed in Chapter IV it is not difficult to ettach frequently o
changed veriables to display buttons ) The ordered triplets.which have
been filled in the blanks of Figures 5-2 and 5-3 represeat values which
have been assigned by the author for types: two, three; aad four,
respectively. (Due to an idiosyncracy of the programmning, the three
types are labeled two, three, and four rather than one, two, and three.)
The values assigned are not besed£on‘rigoreus~eudsddtadled?dete.v~8ut
they are based upon the author's experisace in the Cambridge Hospital
emsrgenty. room and do represent: reasonabls valses. -

For this model, the types have been defined as follows: Type
represents the patient with a trivial problem. In the three-doctor--
visit nodel,*such cases typically see a nurse only once, see a doctor
only once, -.and are in the E.R. for a relatively ‘short time. ‘Although a
significant percentage of the vetientt‘arntvdng,etfﬁhe tynicnlieabrgency
room are in fact of this type, they represent a relatively small drain -
on the system because they use so0 few resources and their stays are
short. Type 3 represents the patient who. has ‘2 :somewhat more serious
problem, and therefore makes significantly gresdter demands on the E.R.
resources. In the threerdoctor-visitenndels~the¢¥yne: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 senous cases. Type 4 patients always need

L4

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 generelly occur relatively 1nfrequently.

5.4 _Usiag the Model =

The purpose of  this. section is: to commumicate am-idea. of what. it
1s like:to-sit ia froat of the CRT and tablet; and use the TIGERS
program. The auther requested Dr. - Peter: Mpgielnicki of the Cambridge
Hospital to act as a "teken user” and: te- sxpeniment. with the program as:
he wished. We describe here a part of that ssssiem: :it wemid be -
nesirable to have a motiom pictire: te accompany: therdiscussion, but wa
s‘h&u do the next best thing and: refer to: wfimat the end of this
section. - U T R R : ‘

It is important that we note:that. the; dispiaysd: statistics, as
they are now implemented, can be a: bit:sislealling. : First, the displayed

statistics are basetd on patients no lonpsr i the spstem:: Any: patients:

visible anywhere on the screen are still’' in:dbe systew alid therefore: do-
not affect the cumulative statistics. Secondhypatients din:the system a
long time: mw:hmim»;mch weight in-the average as pupients: just

released. It nymvg;mmanfm b Wmor'y: revekt patients
heavier in calculations of averages (sv that®ffeCts ofidore revemt = -
changes are: more’ easily discerneit). :Bearing thesw:factsiin.wind, we

continue with o descriptd®n. c. o0y S0 wiasrags Snwiian
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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
emergency room doctors and one doctor on cail At this point the
screen appeared as in Figure 5-4. The sinulation was then started

iy e

This hypothetical energency rooa appeared at first to be

Bonoam i Mmooy le

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

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

facilities available As soon as the facility had had a chance to fill

up, a queue began to forl in the waiting roo- and greu steadily larger
optnUans il

It became clear that for some reason this e-ergancy roon was not ablo to

e&g ety

perforn edequately in the face of the da-ands being nade of it. Thus

- TARR IR el

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 roon queue. while four staff laa;;rspuesj}idf:. 'dlearly, an V
imbalance among the resources was highly probable k He nentioned earlier
that a program such as TIGERS is espocially useful for naking the user

r.,‘W.E,}'f,

aware of the necessity of naintaining balance alongwthe resources of a
complex system. Here the two obseryers&(;rﬁmﬂoaielnicki 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 that there was ‘not enough bed 'space to

%5 L VIR

'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 zero. The extra beds apparently

5_,;;.

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

s Tag tart

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

five-bed systen, the silulated E. R appears to function snoothly at

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

was allowed to keep running. and the tno observers watched

gt : SD D e :?i,‘ Teao Tiir: qr.

Several interesting aspects of the systea became apparent as the

AP W e e 2T ORI ALY S0 s,r;;; S

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

: srpw o ¥y sl gpt E N R
(RIS £ SRR T rimd “’i*r £ Led s 3>

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

SEEER i

resources. Type 2 patients. for exelple, were interesting in that they

FINES O P A S S P R AR HE
were not seen in the systen for nearly as much tine as the others. in
i (RS LAy v i i :

spite of the fact that the arrival rate of Type 2 patients was Z 0

g(rg IV 2L S B3 NN ?' { i B A M1 4@ g

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

e SR RS UL

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

proportion of the time, considering their low arrival rate Type 3
SRS € TR ST IR SRR SR AR
patients were clearly the nain drain on the systel unlike Type Z

K T I L P FA S PTE N RS- S S %1

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

;“

~ 7 5 [
T NG HE

their arrival rate was as high as that of Type 2 Although the arrival
rates of the Types Z and 3 patients were equal there seened to be more

AT H 1«;. MR- BTN

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

T H -i‘fi”_'."‘J

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

S CRCREEE DE RIS PR SR I P TR

patients to a clinic in order to reduce the load on the syste-, Type 2

augen bad dnieas Joa ozaw aned! $sA3 8¢ nd bsussuyr Sosnnilran

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 nurseeblocked states (see Figure
5-6 for example), but the problem did not appear serious enough to |
impede the functioning of the system. The waiting room queue held as
many as four patients {at 5: 26--see Figure 5-9), but within thirty
minutes had decreased to zero (Figure 5 10) ln fact at 6 13 (Figure
5-11), the E.R. was practically e-pty In spite of the fact that the
number of patients in the nurse-blocked stateAseened‘to indicate that o
another nurse would not have been wasted the two extre 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 Hospital 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 threse patieatsvfrtlrz.GftezQ;Odpazientssper%hour.
thus increasing: the arrival:rate sf patisaks of all thres types from 4.8
to 6.8 patients:per howur.

The CONTINUE button was then hit,  and the Simulation continued
with the higher arrival rate.a~kyn8116; &1l seven: beds’ were full (Figure
5-13). Nurse-blocked states continued te: be evidenti:- By 9:20, there h
nere four patients in the waiting room queuw:(Figare 5-14).: The two
observers began to suspect that the Mghtr< arrivald rate nilght be more
than. the systes could: comfortably:cope with. At 18:10° the waiting room
queue had reached a leagth of 8 (Figure 5-15); and’ theebservers decided
that their hypothetical emergency room woild:net:handle the increased

load.
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The question of how to bring the systeu back into balance once ‘
again arose. Dr. Hogielnicki decided that the present t:onfxguration
might simply not be large enough but he was not convinced that the two |
extra beds had brought the system intovbelence Recelllng‘ the

inordinate number of nurse blocked stetes thet had been observed

I

throughout the simlation, he decided to elleviate thet problem by

odding two extre nurses, end then to continuo the silulation.

Aa oo

The two extre nurses clearly nde a diﬂ'erence Nurse-blocked

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

I T
F830TD mEgLe

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

i

patient in the wniting roo-

5.5 Statistics

.Recall from Chapter IV that:one of: tﬁo display;buttons controls:«
the display.of: statistics in SIMILATE wedei: : For' the: catrent: versien,: it
"has been decided that the following statistics be displeyedt <
oA - number of pRtisats who have besn: treated:: @7, ¢

2. average time in waiting room: queve ... -

3.- average service time per patient treatsd -

4.  average blocked time .. .. o ol Sl

5,  average doctor.time. per-patiest treated. . v ' ;o o
As described. in-Sectiom: 5.1, items tbree:aad four-posedosome: difficalty:
in- their defimition.. The relevance of these five sgatissics.is -

discussed. ip. depth in-Chapter 1II.
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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 ‘Work

The current research touches several fields tn which relatively
little has been done. "The idea of modeling systéms similar to the
Emergency Room characterized by small si2e (i.e. tn“one building) and
great complexity has not been as popalar as modelifnig more expansive
systems. Also, the idea of interactive ‘graphié¢al simulation has been
used hardly at all, especially in the world of public SysStems. In
exposing the tip of several icebergs, TIGERS:Paisés many questions about

the parts still hidden.

6.2.1 A Valid Model

Before a tool like TIGERS can cpptr::u‘)utq:toygrvd.s making a
hospital run more gfficiently. it mst/ b}e_bé;ed upon a world léne treg
and parameter values which have been provcn b;‘??ﬂ!ﬁf’ﬁ;@!’?ﬁ?“?‘!ﬁ‘e, doubt to
constitute § valid model of the energency roon ; Such research, although
it would i_nvojlv»e nny hours of datav quhgring, a!lfll a;_na{ysivs. ‘yApuld. allow
the progra- tbok béco-e a Vpractic.a"l ‘tgolj insggfd of aqiaicadépic |
demonstration. | | |

A large class of unanswered quesfigns h;s ;o do wthﬁ <t\_he qature
of models of the E.R. Little is known, for vexup}l»q/,l iabwou‘t kthvek ma_r%givnalk
utility of detail. The whole issue of the (nggwa:t"i“\:e ;nd/or postrivt>ib\rr‘g)‘
marginal utilities of aggregation with respect tok ;uﬂel validity ;eéds |
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 aggroQinég iﬁé; gll together
under the category "non-doctor service.® This is a reasonable.
hypothesis, but it has not been proven..- The mers.dstailed. podel does
not avoid the need for aggregation, evem though. fewer assumpiions are
needed for the more detailed than for the simpler.ome. It is
conceivable. that tha emergency room is.so.complex.that the additional .
detail introduced buys little accuracy over a medel incorporating only.
two classes of service. .Research intp which factors increase the.
validity of models of the emergency rooas, ospcsig;;; research..
investigating the marginal utility of detail, uould%bogyprpivhilg.

One aspect of the investigation mentioned above would be to
construct the "ultimately detailed" model involving a Qbflé“iiﬁo‘tree
with hundreds of nodes and brhncﬁéi.‘*Thifaé;:liéi‘n;'of such a detailed
' model would, of course, necessitate a larho effort, '631'ii&ﬁz‘béfaf the
best solution to the problen of lodoling the en;ré;nc;?};oh

It seems reasonable to'béliiié‘iidiathix'bﬁfi‘ui‘ model would
fall somewhere boiwidﬁ éﬁe‘tib ;iiéd'ﬂifialict Si:iiSEZi?;nh'Ehé
ultimately detailed lodei‘dQScfibédAib;V§ikfifrsgfidﬂggxihféfé;tinb to
construct several models at various intermediary levels of detiii.
Validity checks could be run and results could be co-vlred Cbﬁcci?ably
one night notice a lcvel of aggregation at uhich udditional detail -ade

no significant difference in results
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6.2.2 Analysis Routines

Another worthshile addition to TIGERS would be a set of Qﬁalysis
and optimization routines. At present t?_e user y:?j,,epmgrt. serves ta
indicate imbalance' in the gystgm, gn_d‘ _t,lge pr:?g_xja{n‘?{,\:allgg;s tpe user t;o |
~vary his trial parameters to attempt to overcome thpimpalance But the
program does not of it;gl,f mg!cg__ anyanalysis or. ;ggge;ti‘gns_.ﬂ I-t yould
be useful if TIGERS did have ka;x_a_ly;isﬁ‘c_:a:p?n}i?yty},

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

decide whether a user-implemented change has had a statistically

it

significant effect on thg systenm. Co_nf;iﬂdg;; t‘hej_‘ f?l}?}‘[,ﬂ!gif 4 SSII}POSG t'h:_le;x%t‘ A
the waiting room queue is seen through the viewport as obyiously too
long, and the experimenter postulates that adding a nurse to the system _
will alleviate the problem. He motices a small changs in the. queve
length, but does not know whether the change is large enough to be
statiStically signifis:,:aqt.;, If an ran_lyks_g.s p;ckagp ggyg}edas part of
TIGERS, it might 1nco’r:por§t_ev the ngge{_sgtjy.‘_-tigo;ls,,fggggtigrg‘nizqﬂi‘n_g the
answer to _th}is, sign_(i_f:i_car}ce qﬁgest}i’o‘n_,_» o

A more ;pphisticated analysis package might even be able to make
suggestions. Such a program wqtildﬁqogz only deciﬁewh;thgr a change were
significant, but it might actually suggest the change. -Thus in the p
example above it might suggest that the experimenter fry adding a nurse
to the system. Implementation of such p package wpyld. ifvolye design .
of a set of ’ geuristics which m;gkg use ofsu;h statistics as ggcgmnl{g,{tgd, o

patient nurse blocked 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 exg_‘eriymem‘;‘ with a given, ;qpel

6.3 Why TIGERS?

“ In this report, we have introdiced the idea of the graphical
interactive simulation of a public syste@f”‘}k‘l"t‘hough’ the idea has as yet
hardly been expldred, it seems to show promfse as a dbridge over the gap
between the administrator and the technical shalyst. 'ﬁGE‘ﬁS‘ is an
analytical tool which can interact directly with the administrator as
well as the analyst, and which ﬁobefﬁlly 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 ‘training is needed
to understand the language of graphics, and thus it might Serve to
communicate where other media q_idﬁt "pr’iWQ less fruitful. A hospital
administrator, for e‘x;npl'e“‘,’ who must éXplain to officials in city
government why he will need to expand Wis facilities to a certain size
before 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 -- graphics is dramatic. It can
provide persuasive evidence for demonstratimg a need. : Weak points andk'
bottlenecks in the system become obvious as crowds of figures start to

overflow the screen.
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The intuition added by graphics becomes especially 's'igni”ficant |
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
balance with the other critical resources and with the demands made on’
the system. A thousand beds is probably no wore useful than ten if
there are only two doctors available. Graphics 1s especially useful in .
a system whore a balance must be struck among, mapy suRsystems of a
complex system; the user viewport allows a. view.qf tha entire system.

~ The hunan engineering aspects of a TIGERS-like program are
important. The nature of the medium introgduces psychplaogical aspects o
the analytical process which are usually insjgnificept or do not exist.
For exuple. mtonctive grapm.cs can add an e.lqymnt of
flexiblity which is perhaps unobtainable thraough ather. pedia,
flexibility which is desirable for a number of raasons.. First the user
can do much more useful work per unit time. . jhen he observes that the

execution of the simulation is no longer intarestipg, he can “flush® it

immediately, and waste no more time with it. . Not surarisingly,
flexibility also ancourages experimentaiion,phat ha micht otherwise not
consider worth the tr%oghle.l The user is sncouraged to he. creative
because it becomes easy to try new ideas. . Also significant is the
immediacy of reinforcement, which alse encourages craptivity. A user.
often will not hother trying out mors far-fatched jdeas if he has to.go .
to any trouble to. implement them or wait for results, 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 them. 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 is
currently too expensive for practicil application in most éituations.
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 dccision 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 queusing 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.



This empty page was substituted for a
blank page in the original document.



139

APPENDIX A:
DESCRIPTION OF THE TIGERS PROGRAM

A.0 Introduction

In this eppendix, the actual progranning of TIGERS is discussed.
The deta beses are described. end the routines thet uenipulete them are
expleined in depth. Although the appendix is rether complete in its
discussion of the verious subprogrels uhich co-prise TIGERS. it does
not, of course, replace the listing of the progrel itself but exoeqt
for the reeder whokintends to‘nodify_the>progrep,’ebcopyﬂotsthe 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 lerge 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 general feel for the progren need read only the first
part, although he may wish to skip afterwards 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 elgorithu upon
which the currently ilpleeented nodel is besed The reader who is elso
interested in deteils of the progrel 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 chooses how the TIGERS proqre-

works. and 2) it allows the anelyst who 1is 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 resources that the program

offers him.

A.1 MUDDLE

Every effort has boen made to koep tho discussion which follows
indopondent of the MUDDLE longuage in uhich the progro- is written. But
occasionally it becomes nocessary to use a phraso or tuo of the lanquage
to clorify a point. Ve thorofore outlino horo a fow essentials which |
will clnrify tho roforonces to HUDDLE ‘which are lado. : o

MUDDLE is a so-called list processiug lcuguoge bnsod upon
certain types of data structures. A sroup of objocts onclosod in
parentheses forms a list: oo

(<object> <object) . . . <object))

A list can be coaprisod of no objocts (tho o-pty list) or lany obJocts.
and tho obJocts con be of vorious typothsooh .f"éu;SZ?sf ;ariables. o
vectors, or other lists. | . |

A vector is similar to niixst.46&t:i€31;‘.h£i§s§d£éy‘LfacKAts.
instead of parentheses: | | o

[<object> <obJect> . . . (object)]

- ry
BSOS

The difforencos botwoen the two typos of structuros hlvo to do with tho
P T A R P ;

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

vector can be chlngod oasily. whoroas tho nanber of obJects in a list

can be changed easily. o
The 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 patzent

The schedule 1s the 11st of events to be executed there is
b2 SI oseodpeiogmsl o0 3o s

only one schedule, so it has been g-ven a neme. SCED SCED is an
ordered list; the elements (i e. events) are arranged such that the

events whose associated rout1nes are to be executed first are first on

5 3
Gd 8

the list.

It was stated in §ecgion 4.1 §ge§ TIGE&§ isﬂggweveetygqced‘*__~r

stmulation in which the scheduler egecu;esfreug@qes eesociaged‘with

events wh1ch manxpulate the date hases and generate,nnre events. A

L

51mu1at10n run under TIGERS is basically e loop whieh repeatedly calls?ﬁ
SCHDLR. (Th1s loop is desribed in Section A 6 1 ) SCHDLR dees the |
following:

1) Delete the next event from SCED.

- 2) ‘Wait ¢if necessary) tntil: tﬁe‘*&iﬁlaﬁd’» time s egual to
the time of the event.

3) Execute: thi attoeit%ed reﬂt%ﬂe el

4) Return to the routine (not executed by SCKDLR) wﬁieh
called SCHBLR. PR T

The "wait®” in step 2 is not characteristic of the event paced

w,.f,r

sxmulatxon But because one of the raisons d'etre of a TIGERS- ike

f:_;a\"‘: 143 ?‘ ESaT N *55 ‘,w{\:,“ L
s1mu1at10n is to lend intuition, it is desirable not only to naintain
cE mtheil ke g HTIg 11,43“ 4 mENRETTY ’}g”g ?* edt e O BT S R
the proper order of execution of events. but elso to neintain a
oy [T P s da paeez e f{; TRy S T
simulated temporal flow. The progren therefore neintains its own
L Tmiian o8 EANE Lo

sxmulated tine streem The ratio of the saeeds of sinulated time to
M IRV i)

real txme is one of the peraneters whose velue is set by the user. (The

i

4 &850 -+ T GRS f3 I I

speed of the computer limits this ratio to a nexinnn af approximetely
: voorgen L iy Z?i B bed at-% L B

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 is because in the current
implementation of TIGERS, the lab queue is not first-come-first-served.
Rather, the lab is vieqed‘simply as a black‘boxk;orwhich requests are
made for service. (The time tﬁatrit takes to honqr Such a Eequest,‘
however, is a function of ;hé number éf éeqqgsts.@ﬁg;;aqding.) |

BEDSTRvand'CNTSTR are vectors in whic& ;re s;@red seQeral key
parameters of the program. They conta;n'éllvof”th;‘iq(ﬁc@a;;on<whi§h-is’
dynanically dispLayed on ;pe TIGERs_d;splay.qﬁfingtggs#muiatiqn, ‘These
two structuées are of such a fotm tha# thélinfdréatioq>;ﬁat they contain v
is accessible by both the simulation fou;iqg;;and_zhe‘grgphics routines.:‘
The form of CNTSTR is: | f I
| {525239--,]{
where a is always o.or 1, and»b contains ﬁ pérameferlvalge. g‘is
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 should be updated on tbe display. CNTSTR in
the present implementation of TIGERS, ;Qntains six parameter value pairs
a br: _ 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 tlie 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.
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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.: -
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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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5. Time functions maintain the simylated time.flow. .

6. Graphics functions manage. the.pictures, o8. .the scope and
maintain tho dynuic display.

7. Buttor hcndliug functions areroutinéswhich 5;‘éikéa1"led

_____

, Interrupt_handling functions are. rqgt;acgs jch are
cailed whenever a clock intsrrupt is Watod y the

.computer's interrupt system, . ggq_?{ dage the
clock and 2) dtiido vmich.zittoz: lnad él %to call
.. when.buttons.are hit, .. .. . LA .

FSELEY Ey

. NUDDLE fynctigns are standerd avithmetic and sgtructure
manipulating functions which are °buiit in® to MUDDLE. They

are used to-consiruct other. fupgtions ef-all types. -
Althougﬁ they are absoluteiy essential to programming wnhin

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

I . : f . o

Not all TIGERS functions. fall uniqusly inte one of theyging
Classes, but generally the classes. agp distinct. -in $he.follgwing
sections we examine TIGERS subroutine by subroutine. _All.of the major
functions are discussed, but for.some of the. ms& mipor,. the program

listing should hz cpnsultod. , Ip,f'bo bg’mg :@g funstion; ‘will

be organized by cla,ss m.d wi,u bgg,nugmm, ;gi ;he., gr@r o,f t.he above
list. Where useful, flowcharts are provided and/or 'an exuple’of‘how

each routine is ipvoked is. givcp ' Also, ,g@urwggnte, an_ examgple
of the efJacts of g;lling the routipe i.s ;m giy:

A Tkgsqﬁ sgcuons are

written as an aid to anyops plennisg 9 writh egrems in'the TIGERS

environment.

A.5 Hanipulation of CNTSTR and BEDSTR -

simulation within TIGERS references them froqmtili’:l';i "1t is therefore



149

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 actual value of the
length of the x-ray queue, it actually points to the position 1n CNTSTR
where this value resides. The call : ’ |
: | <VAL XQL)
returns the length of the X-ray queue stlilarly <VAL HQL) returns the
length of the waiting room quoue, and 50 on for HNURS NDR NONCL and
.LABQL (See the doscription of CNTSTR in Section A 3 ) ADDl is used
'for incrementing any of these values, lnd SUBI for decrenenting Thus -
if CNTSTR looks like this:  ~~ ~ — °°
[000-201020101],
and the analyst wishes to increment the number of pnr§e$ ava11ab1a. he
uses ADDL: | SR
<ADD1 .NNURS>.
CNTSTR then looks like this:l | N
[000-2120201i0 1]
As with the change to BEDSTR, tpe graphics routines will nake the
appropriate chnnge in the display, and rosot the l (underscored above)

N

to 0.

A.6 Simulation Routines

A.6.1 SIMULATE

SINULATE 1s the.main simulation leop mentiomed in:Section A.Z2.
It is fully explained by the flewghars.in Figwre Ael. 1STGPBIT ‘is . a bit,
which, if set, causes the pregram to-exit:from the leop. :-ECOUNT is.a:

count of the .number of events executed. . = -
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START
RSTART

Nyl |SIMULATED
) . ITIME TO.0.
CALL JURN |
NPASS STOPBIT
M y;v N S i OFF‘ 3
L l imncieg . i o . tu\”‘,ig ;CNﬁL’
SET EVENT NITIALIZE SCHDLR
COUNT TO { - CTHE- . | | e
1 SCHEDULER 1 |
L 1 - S R R
SET 7 NPASS
INT. LEVEL ERANCES O
T0 0 NEWP TO
! '} SCHEDULER ENERF
EXECUTED
ACTIVATE L .
CLOCK — CLEVENTS |
UPDATER CALL
1 | SCHDLR
CALL

SIMULATE

Figure A—1|  Flowcharts of RSTART, START,-and SIMULATE
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A.6.2 Starting the Simulation -- :
RINITIkLIZE. iiINIT RSTART, and START

Before the SIHULATE loop is entered ati the beginning of a
simulation (as opposed to re-entered after hwibq stopped an already
executing simlation) the simulation mst be» ini“aiized ' First the

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

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

REINIT does the following:
l. mitillizc BEDSTR == all beds rﬂ"&, -

2. initialize CNTSTR - wuting roon mty. all resourcns
available, : « :

3. initialize all cumulative suust.ics% |

4. 1initialize all first come, ﬁrat nr\_vgypwes (see
Section A. 3) -- make ;hn all upty I;st; P

5. initialtu ﬁsplq of all cmluiv( stitistics.

NPASS, the roﬁﬁ_no which updates the di;;bldjﬂr“jg:;afi;bct changes oo
CNTSTR and BEDSTR, is discussed in Section A "6 After the user has Bit
the INITIALIZE button, he starts the simlatigl by Mtting STAWI' This
causes execution of the routine RSTART, mich,e\doos the followmg' e

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 Section A.11.

Enter the. simulate loop by calldnyg: SIMULATE .
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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
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A flowchart for SCHDLR is given inFiguroA-a. :,'.Recéll that if
.L 1s a list, then <1 .L> is the firsi element of the list, <2 .L> is
the second element, etc.

SCHDLR takes no arguments. When 11: 1sc’innd. it removes the
next evqnt from the list SCED; Qaits. if isam.«"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:::ww ;

([37.685173 <SNDNS PRFD> [0 6 0 37. 685173 37‘4‘ 7
[92.209408 <NEWP 3> [0 6 0 37.685173 37.685173- axc 333
[96.171992 ,

<FRDR> , e ,%

[1 1 0 18.469403 18.469403 66.055544 0 3]]
[97.171992 ™

<SNDXR> : S

(110 18.469403 18.469403 66.055544 0 3]] ' * - ~
[107.17436 e

<NEWP 2> i

(1 6 0 24.505186 24.505186 .69831634 0 2]} . = -
[483.71264 <NEWP 4> [0 0 0 0 0 0 0 2]])

If at this point the program calls SCHDLR:
<{SCHDLR> :
the program waits until the sinulated ti-e is greater than 37.7 ninm:es
(if waiting is necessary), and then the ovhltt « e |
[37.685173 <SNDNS PRFD> [0 6 0 37.685173 37;655173 00 3]]

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

returns to the cauing function, SCED is t:w Scming like this:
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( 'START SCHDLR )

T

DEFINE CURRENT
EVENTA(§EVENT)

AS THAT

DEFINE CURRENT |
WORLD-LINE TREE|

WITHCUR. 'PAT. | .

!

REMOVE
<| SCED>

FROM .SCED | -

Figure A-3

' chh*&rt ‘of "SCHDLR

CWAIT UNTIL |

- TAMER RO « URBSTE |
CLOCK DISPLAY

:

UPDATE
CLOCK

DISP LAY

TR
O EXECUTE

< 2 "CEVENT .
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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]} =
{92.209408 <NEWP 3> [0 6 0 37.685173 37.685173 0 0 3]]
[96.171992 R '
~ <FRDR>

[1 10 18.469403 18.469403 66.055544 0 3}] "
[97.171992 ¥ -
<SNDXR> , o
[1 10 18.469403 18.469403 66.053544 0 3]}
[107.17436

<NEWP 2>

[1 60 24.505186 24.505186 .69831634 0 2]]
[483.71264 <NEWP 4> [0 0 0 G O 0°0 21}) *

Notice that in addition to the fact that the‘first event from before the
call to SCHDLR is no longer there. certatn o;ner nvents (indicated by *)\
have been added to the list. These new events were gr?fted during the
execution of NEWP; ADSCD was ctlled te erc&&é iﬁbé!‘nc% 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 tnirn argument is optional, gnd if it is not
~supplied, the current patient is assumed. *Ihg»cillw | |
<ADSCD 41.656325 '<FRNRS> (076 ? 37.@85t?§ é?.éasgza 6 Qf3]>
would cause the the first{event;narknd by * Qbotn’to’ng nengrated and

added to SCED as shown.

A.6.4 ADTOQ and LEAVEQ

Recall that first-cone-first-serven queues‘are timply ordered
lists in TIGERS. ADTOQ and LEAVEQ, introduced in Section A.3, are’ the
routines used for manipulating thesé quetss. TH& routinés-are simple,
but it will be constructive to give examples of.thcfr*nie‘and of effects

of their use. Consider a point in a stmulation in which all beds aré
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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



159

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&ti&nt.iiTﬁd event functions
are written assuming’ the existence of this‘iﬁiient;'in the context of
discussing an event we shall refer to this patient as the chrreht
patient and to the associated bed as the current bed.

Often we shall speak of "sending an event to the scheduler.®
Recall that this process involves two'stepg:"

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 tha@_tha 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.avplds having an event

function called by other than the scheduler.
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Finally recall thaty four fields :;r‘e associated idth each bed.
The utility function UPD, which npdatos :the values of thesé fields, will

occasionally be used in thi§ discusSioh, tespeciallyhin the flowcharts.

A.7.1 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 patieant of .
the specified type appears in the simulated smergescy room requesting . .
trea_tgeg{ts The pat_;lent_ is. ?"-:th_?'}: assigned o, a. bed. and a purse, or, if ..
one or both of these are not available, the. patient. enters.the waiting
room queue. The second major job of NEWP. is $o_perpstuate itself so
that nore patients will arrive in the futuro _This it ;cconplishes bY
generaung a new NEWP and sending the event to_the scheduler.
The algorithm of the routine can be_described by the following
steps: o o
1. Generate a random valu; of apn expogential .random.
variable. Use this value to determipe, ;gb e_arrival time of

the next patient of the ‘current paticnt type

2. Call ABSCD to create the next instance of NEWP for the.
current patient type.

3. Create a now pltient (recall that a paticnt 15 described
by a vector of length eight). ot e : :

4. Increment the number of patients i{;gﬁthg? system.

5. [If there is a waiting room queus, .add the npy patient to
queue. Then return to the scheduler. If there is no queue,
proceed to steps 6 and 7. . BT, B

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
nurseé to that patient.

Since each NEWP perpetuates the arrivals of’only‘pne 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> [foooo0000 2]]
[347.16065 <NEWP 4> [0 0000 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 CNEWP 3> [0 1 0 3.5183036 3.5183036 0 0 3]]
[53.986576 <NEWP 2> [0 00 0000 2]]
[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 at time 7.1731240. 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;1; apparently a yéry
rare type, since tne first Type 4 qrriyal is not s;hpdqlpd until Alnost

six hours into the simulation.)

A.7.2 PRFD and ASSIGN

PRFD (Patient Ready For Doctor) is the event thiat is executed
whenever a patient 1s'ready to be seen by a doctor. This might occur
just after a patient has been admitted to the emergency room, or upon a
patient's return from x-ray, or upon any niumber ‘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.es 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 ﬁeport comes
in. It is assumed that. thom um 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 scheduled toéf’iifmé.

If there is no outstandi:ibgi‘a&utory report, the program

attempts to assign a doctor to ,th{e i’!{nzt;‘on‘t. It first checks for

available emergency room p%rsoanﬁ }i”t n;ut"’mmt‘tm'.n ‘decides -
whether the patient shouild be plaqsdf‘ih a doctor blocked state or'i': .
whether an attempt should be udo €Q call in a doctor on call. In tho

present inplmntation, a doctor ml t:au 11 _sought only if there is a

T

waitinq room queue: Of courseé if no dﬂftors on call are ava;lab]g, ﬂ”
Dltieqt is still placed in the doctuor blocked stlte. S

The temporary variablc n:wu rd:vica which is used 40" dmstgﬂ

e,
¢l

the corroct doctor when step 3 tsmtﬁgd If an mrgency roon doctor
was nsstmed TEV becomes the event FRDR (fer&MrlwiLA doctor

on tait was assigned, TEV becous FRNCL {fro‘ doctor on call) 'Fhfu_s"'

LedE

when zhe ovent TEV is executad at the ca& of mn the correct
deassinning routino is executed.
" The subroutine Assrﬁu whtth 1: intesnal to PRFD, is the heart

of the 1lp1mntation of the: mldJM zreo in TIGERS. It is Asslﬁll

H
H

whia d-ecides what a patient s nsxt oveut. isi to be and when 1% is "to

occur. ASSIGN generates this eventmnd scndi it to the sched\zlgr, ‘ Ip.

;tyhereﬁore changes with each world kfine trco ;hpklmutad*:-- Chapter v

e LT T AR
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discusses the world line tree which has been implemented as a part of
this research. Figure A-5 gives a flowchart for ASSIGN which is based
upon that tree.

Before further dlscussing ASSIGN We drgress at this poxnt to
introduce random variable functiOns. the use of whlch is necessarlly
understood before ASSIGN can be explained. Random variable functions
(r.v. functions) constiﬁnte the mebhanisngpnpioéeqﬂby~TI§ERS to
introduce randomness 1ntb:th9 siﬁulaffon@f;Agi;¥ﬁiﬁds?Qniting there are
two types of randon»vafiahle>fun¢;i§ns. iﬁe;boolean type. is called with
no arguments, -and refﬁfns,simplx yes or'no (;ctuélly Iyér FALSE. As
mentioned in Chapter V, the model is structnnad snch that associated
with certain key questions are nrobabilities of the likelzhood of
certaln events occuring uhxch are set by tho exnc;£$§nter. Each boolean
r.v. function is associated with one of thesa'prubabiiit1es. The
function, when called, generates its yes or ﬁb vaguewby'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 stractﬂfed that. each of
the key questions listed in Chapter V has associateduuith it a |
probability and a boolean r.v. function. In Figure A-5 each of the
decision bbxes 6, 17, 18. 20, and 24 represents a?cali to a boolean r.v.
function, and thus alsp répfasen;; a‘§g§ng:it“wﬁiéh the experimenter
assigns a probability.’

The second type of r.v. functiqn 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 gonerator and a parameter
set by the experinentor to generate a valua This user- set paraneter is
usually the mean of the probability distribution function assoc1ated
with the value being generated. Thus, if tho associated paraneter of
the t.r.v. function DRXT were, say, 30.0; a likoly result 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 onVrnndonmysriuhlo‘functions, see
Section A.8. R

We now return to our discussion‘of ASSIGN ano Figure A-5.
Recall from Chapter V that the nodol assunes ono. two. or three visits
with the E.R. doctor, dopending on the conplexity of the treatnent
necessary. This is reflected in the throe nain subsections of the
flowchart, each of which is associated with one of the branches
emanating from the decision box which exalines tho nunber of doctor
visits (box 3). Generally speaking. ASSIGN doos the following

) Increnent the number of doctor visits

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' scheduled. #

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 three uin branches of Figure

d& L Ny LGRS 3;‘:7

A-5. c19ar1y branch one (first doctor visit) is the -ost complicated.

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

LNENE s
FREET:

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

T

¥ myEE

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

another decision point is reached (box 24) Tﬂu q:utstion here is R
e g ( ;_f;ff - ',% LTy
whethor or not the p&tient needs to sae a nurso boforo leaving. Once
. ﬂ{ a0 ‘4,’,.}“,“,!'4;/' 3‘.“: ;ﬁ’S‘ £ g.g PEEH LTS

the appropriate ovont is schoduled thc function roturns to the calling

P T

function. PRFD
et e e

‘ If an i-odiate exit is not schodulod loro questions reaain. -

First, is a lab roport nocossary (box 18)? If 30, make the appropriate ‘

_____ i et ottty oF BYWEET w.
arrangolents (boxos ll and 12) Thon set the conflict flag and
wwpEa abon edd Feny ¥ wedganil om0 g

continuo. Is an x-ray to be taken (box zen If so. call the

e oy (j&f R P Ra ol = M ey

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

T S S F Rt stk bginalin 25 10 LWL PR

the schoduler. Tnon return If no x-ray is necessary, set the

leropriate doctor tilo (boxos 13 4 M;;m l?;). Ea;n(i sioii:d the J;vent“to
the schedular (box 16) Ti;en rotur:?. Di}f:;o;t gt: 2; : ;n;nctions are o
called, dependinp upon nhether a lab tesitwt‘::s &;chc;ulod for not. o
Sranch o 15 conidaranty simpin sha Branch ove. On the’
g Sioasty {2aznave aside ailne

sacond doctor visit, the only aaijor docision is whether a conw

physician 1s 40 bou.}M OF; Mt Mi)a 45 tle, RORME] tatvt ;ts-, ::aund
travig Tiiw 2raiv oagdach das

the event of his arrival is scheduled (Mhs@’#&&h&? mm« W
patient is schedulad "'ﬂm (hm; S ok Mbbreosotat 2iir 2esn

2igu s Fnave wdr 2% :
Finally. branch three is tho si;plost. This brangh . i@ﬂnly

reached when a doctor sees the patient after the 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 s1pp1y

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 current patieat .ta 3 .(at x-ray).

3. If the facility is already 1q.useﬁﬁl (ysing ADTOQ) .the
current patient to the end of thse. queue g ﬂnn§§gnt§ unitipg o
for x-ray, and return to the scheduier. '

4. Otherwise, start the patiant 'S xnany sgrv;qc. yzhis
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 return the patient

to the main treatwment room.. .= . Pt gt v

5. Set the conflict flag to 1.

6. Send to the scheduler the event PRFD to be executed Justj
after XRAYFR. ' o .

XRAYFR 1is the event alluded to above which releasés the current
patient from the x-ray area. Its ilgoriiﬁi“iiﬁiiﬁféiio§$§“

1. Decrement the number of patients at x:fay.

2. Update fleld 1 of the current patient to 2’ i1n main
treatment room).

3. If there is no X-ray queue, ainnly returg to the
scheduler. ;

4. Otherwise, remove the next in lipe frgn the queue, and
make this patient the curreit patient. fhen foF this new
patient repeat steps 4, 5, and 6 of SNDXR abeove.
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LABRET is the event which returns a lab report on a patient to
the main treatment room. The actual rdqdeét;fbrzfﬁe{réﬁékt'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(gtigq;:‘

1. Decrement number of lab rqgorts %ﬁnﬂiP!i,

2. If the conf}ict flag is set to 1, then return
immediately to the scheduler. i

3. ‘Otherwise cneck ‘whether the pctteut 1s‘at x‘ray ff so,
return’ imedtately to the seﬂbdafer._fij?‘;‘k.m“ s o o

4. If the conflict flag is set to 0 and the patient is not
at x-ray, sond the event F!Fa to fuc schdﬂuldf fo be E
executed*fiﬁﬁdi&tﬂlf

A flowchart of LABRET appears in Fifure 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 "?91r°§§‘?§~§? §E? Zfsit,of,a
consultant physicign:(}f,ngcc§§ar¥).t_gl} are °x§'?!°§¥@§§'?19'm,Dchﬁi';‘;
(Doctor Leave, Consult Wait), if it is scheduled, is scheduled during

At

the second doctor visit in ASSIGN. It does the following. tasks:

1. Update field 3 to 3 (waiting for consultamt).” =~

2.. Call the r.v. function CNSLTT to find out how' long the
patient will be in the consult blocked state. '

3. Send the svent CLYARV to the schiaduler, .

T e SR i

TR R L
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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 reutine which event is
to be sent to the scheduler when the nursés treatsient of the current
patient is over.l Thus |

CSNDNS PRFD>
would cause a nurse (if available)'tq be a§signed to,thercurrent
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 1s 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 acco-plishgd by thg 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 thé new’ patieht {Update field 3 of the hew
patient to 5).

4. Decide how long this new _patient will be treated by the
‘nurse, and send the event FRNRS to the scheduler 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 gueue information describing this event.)
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A.7.6__RLSE, OUT,MGQQ PDWO.

RLSE (RelsaSe) releases a patient {rom.the systew when all
treatment is over. It involves four tasks:

1. Incorporate statistics of. tha gurrent patient into the
cumulative statistics.

2. Decrement the number of patients in’ the System.

3. ‘Remove all traces of the cur‘f';ﬁitpﬁienti’fro; the
currant bed.. (1.e. Updase all four. bed, fislds fo 1.) . ..

4. If there is a waiting room queue, send the event CALLIN

(to call a patient from the, fg room into the free bed)
to the scheduler to be executed ediately.

OUT is the function which prepares the pationt to leave\‘éﬁ.ej

RIS

21
energency roon systen The flowclnrt for OUT lppurs in Figure A-7.
The routinefirstdscideswhethcrtho#patﬁn‘t s %3'5§é§;ggzzab%;¥éatian :

‘or not. In calculating the value of the booleai random variahle on

which the decision is based “the problhilties o? tﬁe brincﬁes at this

TinGiis

point ip the woria Ting eres. of the mpdsl are, b An6iar, (Sf,the, patient
is to undergo an observation period, the duration of this period is
calculated, and the event PDWO (Patient Done With Obsorvggign),is sent
to the. scheduler, (;@9§*°W=?59,4<f‘9?1?'9&3“&5&%%4 Apng; %0 the scheduler.
POMO doss nothing wore Ehak.parirhis, e pYeRE LBk, 35,4 Fimithr  manner
to OUT when PDWO is not generated. Note that the priﬁnﬂility

r : }igo };9 ?é;n;,st is ,5Gheduled

to be executed varies, depending upon wﬁelthir ‘the %&tient is to be

admitted to the hospital or’ r;loa,so,d to t§9 ovgg‘i\ﬁg?wcld

14 < % 3
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A.7.7 FRDR and FRNCL

FRDR and FRNCL are the routines which deassign an emergency room
doctor and a doctor on call, respectively, from q?é’ggtient. The two
routines are similar; in fact, they are the slle. mept the first

increments the nuwer of available mrmcy‘roﬂ ms wﬁile tha
second u\crenents the number of doctors on call Mth call the
subroutigte FREED which takes one argument doscrihfng nluch data base to

1ncremt Thus <FRDR> is nothing mors tlul( (ﬁﬁﬂ‘“ NDR‘) (Where NDR is

the number of available doctors), md <m:el.a s %i.ply (H(EED Noucn.

L

We describe below the algorithm for FRDR:
1. Updatg field 3 of the cumm p-u.nt to 1 (no: server)‘- "

increnent the number o& ng.hbl? E.R. doctors.

- -:"i S £ q = H ot
: 3. It .po: patient is msing-fw amdoctor. simply ntum to
thﬁe scheduler. et 11t i e s 0 i <+ i

Omerwise remove the first pnticnt‘_tm ueue of
: '.,thowmnna and send to the schcdulot PRFD (fo the new

Fimnt) for immediate execution.

A.8 Ramdo- Vlrhblo Functions

Randou variable functions, which lntrqdaco ggmhmess. non-
? BT H
deterninisn, 1nto the simulation, have altgqymggrmced in
T aTATE

Section A.7. z The r.v. functions of a SM »Very much upon

the particular model being implemented. ln this gction we describe the

facilities available for creating r.v. fuactionqaug list those
T

’t‘ test bodel

o wd¥ %0

functions 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

!.

no arguuents
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~ CRANDOM> /
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°§itﬁ!,(?Czthi desineg
boolean r.v. function is as follows:
1. Call RANDOM.

2. If the value returned is less than P, then return the
value T. '

M

3. Otherwise, return FALSE.

For time random variable functions, the algorithms can ﬁit a bit
more complicated but are still basically siwple. Td’ the presently
implemented model all time increments are;aksn-bdygg”ﬁﬁiﬁhiﬁhbtefiicd by
exponentially distributed rqndon_varigb;as. Ibg;ﬂforﬂthgﬁgresent model,
the only necessary utility function is EXPDIS, which accepts one
.argunent representing the mean of an g;;gqggg;glAQ}gtriyupggn, and
returns a random value of the random variable described by the
distribution. Analogous utility functions for othet probability
distribution funttions’ are being writteh. = -

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,'anﬂ'therefOre’dékirhﬁti; For example, one might
want to introduce a 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 %hird: doctor visit

DRXT -~ time spent with doctor om first doctor visit if
patient is sont to x-ray
EXITT =+ til! snons iu oxﬁt bloeio&:staso hofora loaving
emergency room

EXITZ -- tino snont io oxit biocktd~sttte bofuro lonv1ng
emergency room, if patient has undoroene poriod of
Ob"”aai“ o oL W }L« i g} e it 1Az

LABT -- ti-o bofore laboratory analysis resuits aro returned

v B

NURST -~ time spent with nurso
OBSRVT ~-- time spent: undor ohsirvition“ Gt

Crngoaah aliinllwe
XRAYT -- time spent at x-ray

A.9 Graphics Functions

In this soction wo discuss tho grnphiccl updgting of the display

in Simulate Hodo. Hnintaining tho buttons (-ost of uhich are in Hodify
Hode) also involvos graphics. but we discuss kuttoa handling in a
separate section.

Aside from the button handling routines and the functions which

»l'( -

actually create the pictures (which are not doscribed in this docunont).

there is only one lain graohics function, NPAsS Rocall that a

D onwmracilot sdd oprl

simulation in TIGERS is a loop which repoltedly calls SCHDLR In this

loop each call ef SCHBLR is i-ediotoiy“foilowcd ﬁy a eali to NPASS

(Figure A-l) NPASS is the routino unich looks nt BEBSTR and CNTSTR and
S Y ~_$ FoinEs

updates the display to rofloct any changos made durini thb execution of

the last event.
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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.
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When i exceeds the qunber of;items (cu(rentlykgix), the&uan;iqgkof the
type C pictures is cqulqte. | N o

The type B pictures are updatgg 1n_ays;gi}§( manner, except
BEDSTR 1is thevnain‘data basg»in;}eqd‘qfwcuT§tk,\géqﬁgglx{gngvcgutine is
necessary, not six. All éhevbeds can be ﬁpdatod bﬁ the same routtne.
Essentially the algorithm consists of ‘checking édch Ded; updating those
that have been changod”and'ékippiﬁg those that have not. The
programming is such that the mumbers {n BEDSTR associated with each bad

ficld are used to call the approriate picture.

A.10 Time Functions

“Animportant part of the TIGERS environmentis the provided
simulated time flow. There are two time functions: 5§TTHE;‘;hiéﬁ
returns the present simulated time in minites, and CHANGESPEED, which is
used to alter the rate of simulated time flow.

There are four inférﬁai:Variaﬁtis’5§03£by“ihd§é‘iiﬁe functions:

TSCALE is the number of thirtieths of 3 real second in one
‘simulated minute. 0 777 T RELEV EEToomd e
LASTIME is the absolute real time that CHANGESPEED was last
called.

LASTMIN is the simulated time that CHANGESPEED was last
called.

P

TTEMP is the absolute real time that STINE was last called.

The "absolute real time* is the time which“is stippfidd by the computer's

clock. This time is giver as the number of thtrtidtiis 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;thé‘forlowiﬁg steps:

1. Read. the absolute real tinc;frdn ﬁhéiéSipdfér's"cl6ck.
Call it T. , o |

2. Calculate the simulated time as =

STIME is written in aisénﬁler’iingnagi'rféio}ﬂiia;'ﬁﬁbﬁfi because MUDDLE
cannot access the clock and.Edciﬁgi.fﬁé’fﬁ&gfioﬁbi;fégflié so often that
execution speed is critical. / L e
CHANGESPEED also takes one.argument, the,ng% value af TSCALE.

It does the following:

1. Set LASTMIN to the current simylated time

2. Set TSCALE to the given new vg}po;h;, .

3. Set LASTINE to the present absolute real time

s TR

CHANGESPEED also sets the valus of the variable OFTEM, ‘which is related

Pt ]

to the frequency that the displayed clock is updated.

A.11 Interrupt Handling. Functions .

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 facility:; UPCLQGE, which updates. the,
displayed simulated. tiwe,.and CHECKET, whigh.wakes: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 is»set such that the

displayed clock is refreshed app?oxiﬁatély as often as it changes.

Thus

if a simulated minute were equal to five real Secbnds,(the clock would

be updated about every five secbnds.‘:

UPCLOCK (UPdate c'l.ock)"'do'e“s tﬁe following:

1. Decide whether it is time to update the displayed clock.
If not, return to the simulation. ;

2. Decide whether the hour needs to, be ymtagi 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 ingdicates to the yser that the
button has been hit and |that the routine associated with the
button is being. cxg;uta ). Inen tjgg ;?q(hg;tgn 59
that the button cannot be hit while i€ts associated routine
is ruanin Then eqd to execute Foutine associated
with the git buttof?sf' %aliy. :1?:3 .&%&ﬁ %%

1s terminated, restore ;he -Square and vesensitize t.he
button. Return to the simulation.

_The Button Protocol

‘the routine

- Since butten handling is critical in.meking TIGERS interactive,

a button protocol has been implgmented which mpkes ggirg;atgvelx_aasi to

create buttons of various types. Currently three types of buttons

axist:
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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 “*’
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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

Ay 05 »‘"'AJ-;:;Q,-.j

1. Set STOPBIT to T This causes an exit fron tho infinite

e lm i SIMULATE. AR 2 SRR so0F R tho®

‘2. Diseable the clock updating routins. - £l .e. ydisassociate -

it fro- the clock 1ntorrupt )

i Yt ar:

3. sgt tho variabln STOPST!HE to be equal to the current
similated ‘time: T RN T A B o

LoriEL T o o e . Y
= ~.1n--‘3 EE SAH TS LS d '3« i LGV

ncounum-: continuos tm simlation after its navmg been st.oppéd

(LA EEE e & TRERALE Lre

A T
o %

by RSTOP It do's the follouing

BRI ;\“'-f"??f?i:' i

1. Set LASTINE to thc curront nbselutc roalﬂti-n

2. Set LASTMIN to the value of 2SPOPSBIMECSe WY:RSEOR, & 1Y

o

FEONE

PSR I
i

LI TE

3. EhabRe the ¢lock: wpdatingireasimes: . 0.0 ;i v ..onz %o

2 437:Call SBNUBAREE o 0 sulisea 6F noriner zond

P P : 5’;,3:_1-5‘ i {s"’s‘

RINITIALIZE rosets the sinulation to time zcro.

e TEet velasis V¢ 2guayg 2718 ead

more than call REINIT (Saction A 6.2) and NPASS (Sectlon A 9).

ERA L pymo viowual Fgsel fg Lisdeb

RSTATON displays tha cu-ulativo statistics.

RSTATOFF erases the cumulative statistics from the display. -

oo g g
B 5; }47’% -

A.13.2 Changing Modes -- RMODIFY mm JHOTATRS LI
T 2w RO RY. CHenighs) odes. Trom@imulate to Mokl - Ahisi inwolves

the following: TyLTUA pmEZvan: d
1. Call RS}OP (Section A.13.1). 7o = saranst, 226%E D0
2. Call RERASE (Smction ‘AL 3. truos wdr s57is
3 Erase the dispdy. . ¢ o poissogn ¥30is 8l

4.?r.-,3; -

{ ﬁ."‘@iz: xeaio Lwmag

4. Display the picturos of Hodify Hode

& » S oo ” $iibe g ;
FEHASTE OO O F S L R 3915 §

™y

Teogeitg s oy

¢ 5‘3"&&«9? . R
It does nothing

iﬁ hna}*’v'fh

“i Baeidefl

wh
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RRTSM (Return To Simulate Mode) changes modes back tofsgyulate
" 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). = = - o Tt
3. Erase the display.
4. Display the pictures of Simulate mode.

A.13.3 Creatihg Text Strings --
Rl, RZ, R3, ..., RO, R., RERASE

This section discusses the buttons which conprise the

"blackboard® in Hodify Hode The following variables are relevant.

g

CURSTR - Current text string. This 1§ the %‘tr‘ihg that ‘is *
displayed: above the "blackboard® b&@tons fﬁ% GSer builds
this string using the %lickboura fo

CURVAL- - FIOlting point value rvprosnntad’by thé current
text string A

AR

The routines -for Rl through RO and R. are similar. We destribe here the
algorithm for R1:
1. Append "1" to the current string. L

2. Update_thg display to’rgflgqp'thgighanggivﬂ4

3. Set CURVAL to the floating point number represented by
the new current string .

RERASE sets CURSTR to "" (the empty string), updates the display

-
oy

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




BRI Sugl i : s B c T L SRR R T T

189,

assume that CURVAL has in fact been assigned a value.
RDRS, RNRS, RONCL, and RTYPE are similar. We choose a

representative exanglc,’and'alucioat:*beIoW'}:efalgorighm for RDRS‘;
1. Set the flag in CNTSTR which’ indicdtes that a Change 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.FRLT. and RLAMBDA form another equivalence class. Thé
displayed values associated with these three functions all debend upon
the current type (sélectod using BTYPE). Except for the fact that the
current type affects the actual vari;bié ﬁh;t is chnhged,,theserthroe
routines are similar to the four discussed above. RBEDS differs from
the fout only in that instead of ncrelyjéhahging a certain value, a
whole new picture has to be compiled based upon the new number of beds.
RSCL differs only in that instead of chahglng a valuse directiy, it calls

CHANGESPEED (Section A.10). .
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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)))))




