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PREFACE

This paper develops a general conceptual framework for planning
-and eva1uatingvtime-sensitive server systems. This study has gfown
out of a larger consern for assisting planners and managers in
develobing an improved systems perspective when designing tele-
communications systems. Even though p1annefs and managers are
frequently responsible for some subset of a 1arger'system, an uﬁder—
' standing of the overall system assumptfons, alternatives, and
limitations are necessary fsr efficient subsystem use of human and
material resources.

This study represents an effort to put %nto operafiop te]ecom-‘
munications planning techniques by modeling a pub11c safety emergency
medical services (EMS) system. This approach seemed most practical
because it provided a specific application, yet encouraged planners
and managers to adapt the concepts of the model to a variety of
related applications such as Taw enforcement,’fire profectfon, and
other time-sensitive server systems

Even though this study emp1oys computer techno1ogy, it is
largely the system factoring and programm1ng activity which 1mproves
the upderstand1ng, discipline, and trust of the systems users,

, p]annefs, and mapagers. . '

This papér was origina]]y a thesis submitted to the Faculty of
the Electrical Engineering Graduate School of the UniVersitonf
Colorado in partial fu]fi11ment'of the'requiremeﬁts for the‘degree

of Master of Science in Telecommunications.
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SIMULATION MODELING OF EMERGENCY MEDICAL
SERVICES (EMS) TELECOMMUNICATION SYSTEMS

H. David Hunt*

This study explores the application of fundamental
computer simulation techniques to the planping and eval-
uation of an emergency medical services (EMS) system.
The study is designed to assist local communication
managers and planners in designing,.modifying and evalu-
ating their EMS telecommunication system to support the
goals and objectives of their emergency medical services
(EMS) system. :

This study assumes time to be a critical EMS system
variable. The time variable is examined by dividing the
EMS system functions into nine major processes. Using
flow charts these nine processes are then factored into
subprocesses for further analysis. In the analysis, each
subprocess is assigned a numerical value that is later
used in a computer simulation of the system.

The computer simulation language employed in this
model is the General Purpose Simulation System (GPSS).
The GPSS is a block-diagram language designed to accom-
modate the discrete nature of the EMS subprocesses. A
minimum of user experience is reqtired to understand and
program the model using GPSS. Data were assigned to the
various subprocess categories so that the computer simu-
lation program could be executed.

Data produced by the simulation model were compared
with those data obtained from analytical traffic equations
(i.e., Erlang B and C). Flowcharts, tables, graphs and
an extended computer listing are included to allow the
user to reconstruct the simulation data. 1In addition,

a cross-reference matrix is included as an appendix to
relate the model subprocesses to relevant bibliographic
referances.

Key words: Computer simulation modeling; emergency
medical communications; land/mobile radio;
public ss¥ety telecommunications; telecom-
munications planning; telecommunications
modeling. .

*The author is with the Institute for Telecommunication
Sciences, National Telecommunications and Information
Administration, U. S. Dept. of Commerce, Boulder, CO 80303.
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1. THE PROBLEM AND ITS SETTING

1.1, The Statement of the Problem

Emergency medical services (EMS) system planning and design'has
evolved to a state where we must now develop techniques and examples
which would aid system managers and planners in better understanding the

process and evaluating the performance of their EMS telecommunication

subsystems (See Figure 1-1).

DISPATCH and RESOURGE |

SUBSYSTEM
CITIZEN ACCESS ~ MEDICAL
SUBSYSTEM SUBSYSTEM
'EMERGENCY
SCENE [

Figure 1-1. EMS telecommunications subsystems.

These three telecommunication subsystems generate the three primary

subproblems which are as follows:

Al



The first subproblem.. What time delays are incurred-in gaining

.access to emergency medical resources?.

The second subprobiem. What time delays are incurred in the

dispatch of appropriate medical resources to the emergancy scene?

The third subﬁroblem. What time delays are incurred before the

appropriate medical resources commence Advanced Life Support or some

other Jevel of emergency‘care?

1.2. The Statement of Purpose

. The purpose of this’study is to conceptualize, structure, and
demonstrate an EMS simulation model which can be ehp]oyed in-evaluating

the subproblems set forth above.

1.3. The Statement of Objectives

The -specific objectives of this study are designed to assist

telecommunication managers and planners by providingﬂanalytical,

“simulation. and measurement techniques:

0 For better understanding the individual EMS
delay components aﬁd their impact .on thg
delivery of EMS. —

0 For the possible adaptation of a simulation
modeling technigue for evaTuating existing
or planned EMS telecommunication systems or
subsystems.

0 ?or co]Tecting and evaluating delay data on

existing EMS telecommunication subsystems.



0 For a cross reference between specific EMS delay components

" and previous applicable ﬁesearch (see Appendix.A).

_1.4. The Importance of the Study

The lack of efficient eﬁergency medical services in the United
States has been attributed 1argeiy to the absence of an effective
vpub]ic safeﬁy te1ecomﬁunication §ystém (Owens, 1976). If it is
assumed that time is a criticg] variable in the delivery Qf pre-
hospital emergenéy medical services, then well-designed, efficient
public te]ecommunicatjon subsystems can play an important role in
minimizing the time required to report and respond to an emergency_f
medical event. Knowledge, therefore, of the performance of an exist-
ing ﬁMSVtelecommunications.system or the simulation of a'proposed
a]ternative, can assist EMS system management by reducing delay to

some locally determined minimum level.

" 1.5. Assumptions of the Study

0 Time is a critical variable in the delivery of emergency medical
services. |

0 Time de]ay’is a useful measurement ;riteribn for evaluating EMS
telecommunication system performance. |

) Analytical  and simu]atidn techniques are available whfch can
iﬁprove EMS telecommunication system planning, imp]ementationz_

and operational management.



1.6. Delimitations of the Study

‘0. This study is specifically Timited to EMS‘telecommunication

‘systems. This should not imply that the'ana1ytica1 and perform-
anég evaluation technigues are not applicable to other telecom-
: huni;ation systems, but that other systems have unique operational
prob]ems which may require special emphasis and treatment.
0  Any specific EMS te]ecoﬁmunication system is actually a subset
of a'1argék EMS system;~however, for purpoSes‘of this study,
\only the EMS system goals and objectives which relate primarily

to the telecommunication subsystems will be considered.

1.7. - Methodology of the Study

'This is%a descriptive study which includes a survey of the

current literature and other relevant documentation. A descriptive

épprpach was chosen‘fof this study because it offered the most prac-

tical means of analyzing and more clearly defining the relaltionships
among?the‘variab]es in the prob]eﬁ. This study used the descriptive

approach:

0 To collect detailed information that describes
eXigtihg techniques and variable relation-
ships. |

o To investigate questioh formulation and
answer measurement problems (Weiss, 1972).
o “To make compqrisqns and evaluations (Leedy,

1974).



2. INTRODUCTION TO THE EMS
| TELECOMMUNICATIONS SYSTEM
The primary goal of the EMS telecommunications System is to
provide the necessary communication links so as to minimize the time
delay between the occurrence of a 1ife-threatening or crippling
incident and the rendering'of appropriate emergency mgdical care and
support resburces, Most communities and local governments already
have a multiplicity of existing telecommunication services and -facili-
‘ties that relates in some degree to that primary EMS telecommunications
goal. Managers and planners of EMS systems need to question, undér-
sténd, and evaluate how these existing te]ecommunication resources;’in
a defined jurisdictional and/or operational area, can be modified or
augmented in a cooperative way to minimize the delay introduced by
the telecommunication system. Before consideringuany chénges, hoWeVer,
the EMS telecoﬁmunication managers and planners should .make every
effort to insure that the proposed telecommunication changes meet ihé’
needs of the EMS users and éré compatible with the'goals and objecﬁives
of the overall EMS system. ' |
Before proceeding with a more detailed analysis of the EMS
telecommunications process, a brief overview of the three telecommuni-

cation subsystems will be presented.*

*Those desiring a more detailed account of the EMS telecommunications
planning function are directed to Emergency Medical Services Communi-
cations System Technical Planning Guide, NTIA SP79-3 available from
U.S. Government Printing Office, Superintendent of Documents,
Washington, DC 20404 for $5.50 per copy. ’ :



2.1. Citizen Access Subsystenm

The pub]{c telephone network sérves as the most readily available

means for most cfti;éns to notify public séfety personnel of a
medical emergency. Citizen access has been imbroved by the imple~
mgntafioﬁ of the universal emérgency,numbgr, 929-1-1, thch theoretically -
prov%desyaccess to all public safety agencies in a community or
region via a Public Safety Answerifig Point (PSAP) (see Figure 2-1a).
The implementation of 9-1-1 or a sing?e,"ﬁeven-digit number simplifies
the fask of emergency access by reducing‘the number of decisions that'
must'benmade régarding the appropriate political jurisdiction to
call, the most appropriate agency to respond, and the propér configur-
ation of needed equipment. This places thé respoﬁsibi]ity for emer-
genéy medical resource allocation with a paid, pub]ic-safety profes-
sioné] an& generally feduces EMS system de]ay; Figure 2-1b illustrates
a PSAP where the pp]ice.answeﬁ all emergency calls and then relay,

transfer, or refer those fire, medical and other emergency calls to
| fhe appropriate public safety agency.

In.addition tokthe.public’telephone system, some communities

have additional citizen access through citizen band radio (Channel
9), radio Ea]] boxes (street and highway), commercial radio systems
(e.g., utility companies, pr{vate bus systems, taxicabs. . .),vprivate
~ and pub]ic alarm systems, aircraff radio systems, and amateur raaio
monitoring. 'The use and effectiQeness of these other citizen access
methods is largely determined by the need, leadérship and cooperation

at the local level.



- (8-1-1. QR XXX-XXXX)

TELEPHONE.
CENTRAL OFFICE

DEDICATED TELEPHONE TRUNKS_;A '
‘ —

PUBLIC SAFETY
ANSWERING POINT
(PSAP)

3 | | L={

I MEDICAL

: % Citizen Private Telephone Access .
OTHER EMERGENCY

| > AGENCIES

% Citizen Public Telephone Access

(9-1-1 OR XXX-XXXX)

TELEPHONE
CENTRAL OFFICE

——

| PUBLIC SAFETY
ANSWERING POINT

(PSAP)
POLICE

DEDICATED TELEPHONE TRUNKS

% | | L—{  MEDICAL

OTHER EMERGENCY -

— AGENCIES

Figure 2-1. Two PSAP configurations.

7



g

2.2. JDisbatch and Resource- Subsystem

Oﬂéé«citizen'accesslhas been.achievgd,;response"to emergency
medical needs should -involve the coordination of public safety agencies
through a dispatch and resource subsystem. In many instances, a |
’sing]e emergency incideht may require a response from more than‘one
- public safe@y agency. In a traffic accident for examp1e,‘the‘police
m$y befrequired for traffic and crowd control, the fire department
may bevneeded to control a gasoline fire hazard or perhaps the
extrication of victims from the vehicle, and medical assistance may
- be needed in the event of injury.k The need for mu1ti-agency.cbordi-
nation and cooperation highlights the importance of a tafefu]]y
- planned telecommunications system to minimize delays and‘optimize use
of the various public and private emergency resources. |

"Operationa1 experignce with Public Safety Answering Point (PSAP)
, systems has shown that approximately 85% of‘the incoming emergency
calls involve law enforcement services, 10% fire services, and 5%,
| emergency medical services (EMS). However, further analysis. of these
statisti¢s~indicétes that some 35% of the Taw enforcement and fire
calls have associated'médicé1 injuries requiring an EMS response.
“Theséﬂpercehtages:are'notfintendeq to serve as system conceptué]
- dgsfgh criteria, bécause.each_loca] EMS system must collect and
ana1yze‘its owh data; hdwe?er,‘they do point out the'importanﬁe of
close public safety‘agenty coordination. In addition, the organi-

zational and technical design of the dispatch and resource subsystem



will vary~depending on the 1oca1'needs'and on the cooperation of the
various agencies in.the EMS system>(pub1ic safety, private ambulance,
hospitals, search.and rescue...). The specific dispatch configuration
will genera]]y‘ref1eét this level of agency cooperation in its oper-

ational structure and hardware interconnection.

2.3. Medical Subsystem

For purposes of this study, the medical subsystem includes those
activities beginniﬁg with patient triage and terminating when the
emergency medical patient is transfered to an emergency medical
'Afaci1ity.’

The delay component contributed by the medical subsystém'wi11
vary depending on the type 6f emergency response. For example, if an
advanced life support unit is dispatched to the scene of a medical
emergency and is authorized to initiate certain advanced medical

‘procedures, the patient may be stabilized at the emergency scene
thereby feduciﬁg the critical nature of the transit delay to an
~emergency medical facility. In many cases, this advanced care has
been extended to the emergency scene because the necessary medical
directién and contr01 is maintained.through Tand mobile radio communi-
cations. Conversely, a hasic life support unit may not be authorized
to initiate gértain advanced medical procedures and the patient may
not be stabi]izéd unpi] arrival at the emergency medical faci]ity.'
One of the obvious benefits of advanced care at the scene of an .
emergency is mitigation of transit-time deiay to an emergency médical

facility.



2.4, EMS System Delay

As stated previously, the primary purpose of this study is to}
present analytical, simu]afion, and measurement techniques thch will
assist Tocal EMS systemsAmanagers and p]anneré in better Qnderstanding,
defining, and evaluating EMS system delay components. .

To set the’stage for EMS telecommunications system analysis in
the next section,'each of fhe three te]ecommunicationfsubSystems will
be considered part of a process as illustrated in Figure 2-2. Each
process will then be further divided, as required, to'somg sub-
brocess level depending on the degreec of detail needed to define the
delay coﬁponent of that particular procegs.‘ Once the analytical
structure of the three major processes has been analyzed and defined,
hypothetical or empirical delay vaiUes will be assigned to each Qf
the subprocesses to program the simulation model.

Actual subprocess delay times will obviously vary from system to
systém depending on the geography, urban or rural setting, citizen
access facilities, etc. Regardless of the area, however, each EMS
system should attempt to define delay values as a target for follow-

on system evaluation.

10



—
v

Y

be—— pETECTION ——+—

OCCURENCE
0F EMERGENCY

l . CITIZEN ACCESS
PROCESS

-

ARRIVAL ‘ ~ ARRIVAL
AT SCENE AT HOSPITAL
, | Y -
N " TRANSIT OTIME i TRANSIT
Rm’”"‘c_"‘"f‘"s'fR_’F_D'SP‘Tc“_'I‘_ T0 SCENE™ AT SCENE 1% 10 HOSPITAL 1
' ! , | |
I |
DISPATCH and RESODRCE MEDICAL ‘
PROCESS > | - APROCESS—-)'I

|
N

|

|

|

|

TOTAL EMS SYSTEM PROCESS TIME

Figure 2-2. Emergency system processes.

|

l

|

I

|-
-y



o

N i

5. ‘STRUCTURALkDEVELOPMENT AND ANALYSIS OF
THE EMS TELECOMMUNICA%IONS SYSTEM MODEL
Developing and analyzing an EMS systems model may be‘

g broadly divided into two interrelated tasks:

0 Establishing the'strﬁcture of the modei from
the actual and/or conceptualized EMS system.
0 Supplying empirical and/or hypothetical data
for analytical and simulation anaTysis»of the
EMS system'mode1. | |
Before proceeding with the analysis, it hay'be well to
note that there is no unique model of any system; including
EMS. System users, managers; p]anﬁers, and researchers inferestéd
in different aspects of the same EMS system will perceive
different models as amplified and modified by their particu]afk
vantage point. Similarly, an individual's perception of the
EMS Systém is not static, because individual model boundaries
will ghange as understanding of the EMS system is modified by
’human behavior, institutional change, technology, and economic
priorities. Thé model being presented in this study should be
viewed as an evolving, éna]ytica? tool, something to be modified
or expanded by the user to reb]icate more closely local EMS:

needs and conditions.
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This chaptér addresses the.structdra1«development of the EMS
model and the following chapter discusses stochastic concepts, data
collection fechn%qﬁes, data replication and simulation softwaré
selection. ' _

The structural development of the model, adcressed in this‘chaptgr,
will employ the fechniques of systems analysis. Systems analysis is.a
visual method of dealing with a manageable amount of information at
any given‘time, so that By degrees, one can ultimately describe
large and complex systemé in detail. Basic systems analysis
symbols utilized in this study are illustrated and defined ip
Figure 3-1, an overview 6f the EMS te1ecommunicat10n§ process.

Note that.Figures-4-1, 4-2, and 4-3 ﬁave been'p]aced at the end
of this document. This placement was employed so tﬁat the
reader could move more easily from the narrative to the detailed
flowcharts without changing or searching for the éppropﬁiaté
g . ,

( An engineering numbering system was émp1oyed to insure thét.the
reader may cléarly re]éte'to the particu]ar process or subprocess ‘
being Hiécﬂssed.. In addition, the numﬁering system’hés been designed
‘to provide a.convenient cross reference to'the computer simulation
programming blocks in Appendix B and the bib1iographic matrix in
‘Appendix A. The following example will serve, to c]grify the numbering

system.

Example: Process P5.2.2

13
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Figure 3-1. Overview of the EMS tel ecommunications proceyss.
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Thé a]phabet%c character and number "P5" identifies a primary
process within the EMS system. The second number "2" identifies the
subprocess (within'process "P5") of the EMS system. Thekthird number
“2" identifies a further.breakout of the subprocess for the purpose of -
ana]ysish In this. particular examp1e the process‘breakout is as

follows:

) Process P5.0: Emergency Dispatch Process
0 Process P5.2.0: Call Relay,Procgss'
o Process P5.2.2: Obtain Emergency Information

.Process.

~  This example was taken from the Figure 4-2 Flow Chart, Dispatch
and Resource Process. .
Decision points within the flowchart of emergency procedures'are

identified as shown by the following example:

Example: . Decision Point D1 (P5.2.0)

The alphabetic character and nuhber "D1" identifies this as the
first'décision block. - The number enclosed in parentheses indicates
that this is the first decision point in subprocess P5.2.0. This

example was also taken from Figure 4-2.

The structural.developmeﬁt and analysis of the model begins with
an individua1~di$cussion of the nine EMS processes (P1.0 through
P9:0) illustrated in the Figure 3-1 flowchart. "Each process is
developed in proportion to its impact on the overall EMS té]ecommuhi-
cafions proceés. Since a key .aspect of this study is to present an |
EMS systems perspective, details of existing or.current research will‘
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not be included in the narrative unless the& are highly relevant to
the.particufar'process; howevér, ﬁhe references have been included in
the bibliography énd cross-reference mairix in Appendix A.

Before proceeding with the following nine processes, the reader
is enéouraged to review the Figure 3-1‘f1owchar£ which provides an

EMS system overview.

3.1.  Process P1.0: Emergency Medical Event Occurrence

In this study; emergency occurrences are broadiy classified as
discrete or nondiscrete. - The aiscrete emergency occurrence ié a
" medical event where the actual emergency incident is clearly defined
in terms of time and space, such as an automobile accident.. In tﬁose
nondiscrete medical emergencies which‘evolve over a period of time,
there is greater difficulty for the éfflicted individual as well as a
second party to detect and/of acceﬁt the evo]vihg emergency medical
symptoms. |

Medical emergencies of special concern to emergency medical
systems because they often occur at home or in home and road accidents,
are cardiopulmonary failure, heﬁofrhagic shock,4abdomina1 visceré
damage and brain or nervous system damage (Andrews, et al., 1975).
- Cardiopulmonary failure is the most urgent category 6f medi§a1 emer-
genty{ since irreversible brain damagékgener$11y occurs within th?ee

to four minutes of cardiopulmonary collapse (Géa], 1966).
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3.2. Process P2.0: Emergency Medical Event Detection

The initial detection of a discrete emergency medical event
requires basically a person's‘physical presence and sensory percep-
tion. It could be argued that physical presence is not a prerequisite
because it is technically possible to extend odr senses'(i;e., obtic-
-ally, e]ectronfca]]y.‘. )3 hdwever, as a practicai matter, this
study will assume that’such apparatus .are normalty not available at
the emergency scene and that physical presence is a prerequisite to
the emeréency medical detection process.

For the nondiscrete emergency medical event to be detected, it
- may be necessary that the emergency medical.condition reach some
threshold before the afflicted individual experiences a sufficiént
level of discomfort to take some action, or the symptoms generated by
the discomfort are recognized by a second party as requiring emergency}
medicai tredatment. The probability of a secaond party's detecting a
nondiscrete medical emergency may véry considerably depending on his
or her relationship with the afflicted person, knowﬁedge of ;he
symptoms through formal training and/or experience, familiarity with
the Tlocally available medical resouces and thé methods of gaining
access. to those emergency resources: A study by R.B. Andrews, et

al., (1975) concluded that:

o‘ The decision that emergency medical care is
required is made largély in the absence of
an accurate diagnosis. At one extreme,
apparently minor comp]gints can be har-

bingers of T1ife-threatening conditions: At
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the other extréme; a highwleve1:of épppe-
> hension on the part of the victim; _hi§.
family or friends, can résu]t from -a rela-
tivé1y minor condition. .
0 . Most peop1é ‘are infrequently facéd' with
medica] or éurgiéa] émergenciés.j As a
- consequence, they have little occasion ﬁo
develop an accurate understanding'of th the
iémergenpy» ﬁedical care system‘_iﬁ their
communfty*works and how to. use it properiy.
The demands ‘placed on the pub]ic and private
sectors: for emergency care depend, to é
éonsiderabTevextent,ron;misﬁonceptions and
expectations, -and lack of:- knowledge and
experience. f
‘The emergéncy event detection process, a]thodgﬁ over simplified
iﬁ‘this study, demands careful consideration by EMS system managers,
pfgnners'énd researchers. Thefrd]e'df public education in'training
citjzehé to recognize emergency medical symptoms énd‘thevavailébiiity
of local emergency medical resources shouidvreceive high p}iority-in,

~ most EMS systems.

3.3. Decision Point D1: Render Emergency Assistance?

The person detecting ‘an emergency event must make a decision -
whether to render aid ‘or ignore the ‘emergency. ' If the decision is to

kfgnohe,the event, action is de]ayed'unti1(é second person detects the
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event and so on.” Rationalization for persbns not reﬁderiné aid-in an
~ emergency condition is highly complex. In this study;'it will be
acknqw]edged that some pérégntage of individdals_wi]] not ﬁender‘aid
in an emergehcy‘event,'creating an additional EMS sysiem delay.
Developing data which abproximates the detection dejay and perceﬁtage
of individua]suwho would ignofé an emergency event %s diécussed in -

the next chapter.

3.4. Process P3.0: Emergency Assistance Process

This process initially invo]veg a decision of whether the peﬁson
who detects an’ emergency event renders "active" or "passive". aid.
The process of ‘active aid requires a person to stop at the scéne of
a medical emergency tp render first aid,’to reduce the possibi]ify of

'further injury, and/or to assess the need foﬁ additional assistance.
" Passive aid is defined as not stopping at the scene of the emergency
but immediate1y repérting it to a public safety agency. |

No value judgment is assigned to the .active or passive ajd
-subprocesseg'because in one case active aid may be most appropriéte

and in the next case passive may be more appropriate.

3.5. Process P4.0: Emergency Access Process -

This process is activated by an indiVidual who has detected an‘
_emergency and is attempting to report it to a public safety agency.
' Because most people are infrequently confronted with life threatening
emergencies, few»pedp]e déve]op formal plans that effectively cope

with such emergencies. This is particularly true if they are traveling
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in"geographickareas'Unfamiliar to them. This 1lack of geographic

familiarity and the element of éurprise places them at a disadvantage

‘regarding timely assessment and reporting of an emergency event.

Even in familiar geographic surroundings, many citizens have idealistic

expectations of the émergency citizen access system because they have
no understanding of the local emergency process.
Citizen access to the emergency medical system has been divided

into four broad categories as described below:

3.5.1. Process P4.1: Publiic Telephone Systém

This facility is the most frequent1y used system for notifying a-
pub]ic'qr privaté‘agency_of an emergency. Although the public tele-
phone network has many advéntages for réporting emergencies. to the
proper agencies, a number of serious delays are often encountered by

the user. Some of these delays are the result of the user's not

preparing for emergencies or his/her not being encouraged to do so

through comprehensive public safety education programs. Other factors

which contribute to emergency telephone system delays often include

- poorly conceived and defined jurisdictional boundaries, poor cooper-

ation among public safety agencies, antiquated public telephone

~equipment and other political, social and economic problems. Thg

individual who is not awaﬁe of certain emergency system constraints

" may . have a rather idealistic notion of how it functions, further

" adding to anxiety and frustration in an actual emergency. These

delays are. generally exacerbated when the emergency is detected and

reported by a visitor or newcomer.

20



The specific delay components that have been included in this

model to replicate the public te1ephone'system~de1ays are for the

most paﬁt symptoms of the above more far ranging societal problems;
however, the symptoms must be considered in evaluating emergency

system performance. Delay components include:

o The delay 1in locating a public or private
telephone.

) The de]éy in determining the jurisdiction and

appropriate public safety agency telephone
number.
.0 The delay in locating coins if requiéed by
the public telephone. |
0 fhe delay in redialing and 1ocating more
change if the wrong telephone number ig

* reached,

Some of these delays have been mitigated by implementation of a
siﬁg1e emergency telephone ﬁumber such as 9-1-1. This concept is
attractive because the citizen needs only to remember a singlé emergency
telephone number. Other technological changes such as “"selective"
telephone routing allows emergency system managers and planners to
accommodate the local interagency techhica1, po]itica] and social

idiosyncracies.

3.5.2. Process P4.2: Land Mobile Radio (LMR) System

The use of LMR to reduce the notification delay of emergencies
has met with mixed success. Research has revealed serths political,

administrative, operational, and economic problems. A specific research
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study;spoﬁsored by -.the Department of Transportation and conducted by
- the University of Michigan Highway Safety Research institute'offered
 some insights into the problems of using LMR ior emergency notification.
One aspect of the study compared the‘fo]]owing‘two citiien access.

methods:

oA ."System 1: Private citizens wusing public
telephones '

o System 2: Random]y dispersed vehicles (buses,
dispatched trucks, police cars,
etc.) having voice LMR, which

happen by chance upon emergencies.

Paraphrasing from Systems Analysis, Inc., Special Repori 72-2, it was
concluded that 20% of aiiivehic]es would have to be equipped with.
voice LMR in order for. System 2 to effect a T-minute reduction in
mean'access delay. .. Ii is unlikely- that System 2 will bé a valuable
1iﬁk-in the citizen access process in the near future. |

In addition to the low probability that an LMR equipped vehicle
would detect the emergenﬁy eveqt, certain otﬁer factors could add

substantially to LMR access delay such as:

o . The inability of the detecting LMR unit to
contact its dispatcher or réiay the emergency
‘information through a second LMR unit.

) The inability of the detecting LMR unit to
capture a radio channei;‘ radio traffic
conditions or other médes of interference -

are the disabling factors here.
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Most nonpublic safety LMR channels are not monitored by the public
safety dispatch systems. Public safety agencies generally rely on
~some private dispatcher or other LMR operator to capture the
emergency information and relay it through the public telephone
system. Because the numbér of LMR channels is 1%mited, and because
puﬁiic safety budgets are limited and o@her cost/benefif considerations
can be restricting, it is not 1likely that a change in policy is
justified. Some public safety agencies, however, do monitor citizens
band (CB) channel 9, but many prefer that volunteer groups (such as
Radio Emergency Associated Citizens Teams (REACT), the Affilitated
League of Emergency Radio Teams (ALERT) or the Citizens' Radio Watch)
capture the emergency information and relay it via the pubfic telephone
system. A CB effectiveness evaluation is being conducted by H.F.
De Francesco, et al. (1977) in a New York state region comprising
seven counties. The following objectives were established for the

evaluation project:

0 -To measure the magnitude of changes broﬁght
about through the use of CB radios by the New ‘
York State Police

0 To-evaluate whether these changes are statistic-
a]Ty significant

0 To measure the impact- these changes haVe on
highway safety and on public participation

0 To iQentify and measure the cost/benefits

associated with the changes.
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Since the study was not yet éompletéd, the research results are not
yet available. The results howeQer, may be less important than the
b]anning and imp]ementétion strategy set forth by De Francesco.
'Genéralfzing from one EMS area to another in the LMR environment is
probably less productive than experimenting with an EMS idea at the |
local 1evé1 because, with the right alinement and mixture of human
resources, leadership and planning the LMR technology may reduce

local access delay.

.3.5.3. Process P4.3: Call Box System

This method of access is'primarily employed on selected, limited-
access fregway systems. These freeway call box systems are generaily
, monitdred by freeway authorities, hjghway maintenance personnel,
state batro1, or the 1ike. -This method of EMS access requires the
emergency information to be relayed to the appropriate public safety
agency via the pubtic te]ephone system or sbme other land-1ine configur-
ation (i.e., automatic ring down, intercom. . .).

‘The traditional fire call box systems still located in some
urban areas have been, for ai] bractica] purposes, outdated by the -
. pub11c~te]ephope sysiem. | ‘

Aithough nationally the call box systems have had relatively
Tittle impact on emergency citizen access, certain 1ocai'areas.prdvid-
ing emergency services to major highway systems have found them an

important citizen access point.
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'3.5.4. Process P4.4: Direct Agency Contact

In this methbd of acce§s the individua] locates the public
safety agency and directly reports the emergency to agency pe%sonné].
These personnel fhen relay the emergency information to the appropriate
agency who directs the resources to the emergency scene.“This |
method of access generally adds delay because of such factors as
, increasedAtra§e1 time by the individual, 1oca§ing the proper public -
safety agency, the present location and design concepts of public - .
safety dispatch centers, and the added step of relaying ehergency
information through agency desk personne].. '

‘This method is inclhded:in this- study because some of the con-

straints outlined above may not be a problem in a small city or town.

3.6. Process P5.0: Emergency AnsWeriqg

" and Dispatch Process

This process is initiated when the emergency call operator is
signaled (i.e., ringing telephone, automatic p;ivate line, buzzer. . -.)
énd thereby alerted to a potential emergency. The message received
from the ca]]ér serves as a middle 1ink beﬁween the emergency and the:
necessary decisions to be made during the dispatch and resource
allocation brocess. Axreceni study by G.B. Keller and R.R. Lanese
(1977), hypothésized that certain variableé iﬁ emergency messages
were directly related to the dispatching decisions and the subsequent
actions of the EMS personnel. Scme of the variables which they
addressed were message'content, interaction factors (message char-

acteristics), and system status factors (time, day, busy status).
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One of the elements of éheir study addressed the re]ationship beﬁween
the emergéncy caller's perceptjon of the emergency event and infor-
mation gathered by'the other EMS processes. This information was
then analyzed to determine how the dispatcﬁ‘decision processes might
be improved. This middle Tink between the emergency caller and
emergency call answerer has the potential for generating numerous
follow-on EMS system de]aysAif the emergency call operator ié not
trained to question and probe for key decfsion-making information.

As j]]ustkated in Figure 2-1, the role of the Public Safety
Angwéring Point (PSAP) is to facilitate the f]ow of emergency informa-
tion between the caller and the appropriate respending agency.

The manner jn which the information is routed to the responsible
agency varies with the jufisdictiona], operational, and organizational
requirements of the EMS area being served. The four basic 6perationa1
hetﬁods are direct dispatch, call transfer, cail relay and call
referral. Most systems comprise a cocmbination of several of these
methods to adapt tb variations in the levels pf cooperation, centrali-
zation, and conso]idation<oetweeﬂ and withﬁn'the pafficipating‘agenciés
in the system (Stahford Research Institute, 1974a). Figure 3-2
111us£rates the information flow for each of these operatiqna1.

methods, which are indiVidua]]y discussed below.

3.6.1. Process P5.1: Direct Dispatch Procéss

In the direct dispatch process, currernt }iterature has defined
that the emergency answering-and dispatching functions are collocated.

Examples offered in the' literature indicate that the public safety
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answer1ng point (PSAP) might be co]]ocated with a centra11zed mu]t1-
agency dlspatch center procevsvng emergency calls for law enforcement
vf1re, emergency medical services and others, or it m1ght be collocated
Qith:a single agency proViding only one type of emergency service;

A ]iteral interpretation of direct dispatch implies that the-
PSAP call operatorlwho,anewers the emergency call also directly
dispatches the appropriate rescurces. This is referred te_as a one- |
stage direct dispatch process. If a second person is added to the;
process and essumes responsibility for some aspect of it (i.e., -
dispatching), the setup is now referred to as a'tw0jstage direct

dispatch configuration. This two-stage direct dispatch configuration,
. however, is very eimilar to the call relay process (discdssed in
3.6.2.). This simi]arity raises a question regarding the significance
of the collocation requirement in defining direct dispatch. The
designer/planner must ask: Does collocation mean immediately adjacent,
in the same physical room or building, or administratirely related?
Operationally, does collocation have any significance if the transfer
of 1nformat1on (from the ca]] answerer to the d1spatcher) is performed
felectron1ca11y7‘

There are some definite advantages to.single stege direct dispatch
because the message 1ink between the emergehcy'ca]]ér and agency -
dispatcher‘are theoretically eptimized; however, that advantage is
often overshadowed by other operationa] and political factors. If
‘collocation is not considered a significant point in defining direct
dispatch, at least from a fdnctiona]'standpoinf; it might then be

asked, what are the fundamental differences between the two-stage
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direct dispatch processes and the call-relay process? This study
will assume that there are no basic differences once the call answering

and dispatching functions are divided in the direct dispatch processes.

3.6.2._ Process P5.2: Call Relay Process

In this process, the emergency ca]i answerer records all of the
periinent data provided by the emergency caller. This information is
then forwarded to the dispatcher who has the résponsibi1ity of allo-
cating and coordinating‘one or more agency resources depending on the -
local configuration of the dispatch system.

Call relay has the operational and political advantage of being
able to leave the dispatch function unQer the control of the individual
agenéies if multiagency disbatch is not accéptable. If dispatch
éontro] is left with the individual agencies, however, more explicit
call answehing‘policies are usﬁa11y dictated by the involved agencies.

A simplified il]uétratioﬁ of~thi$ concept is shown in Figure 3-2a.

3.6.3. Pracess P5.3: Call Transfer Process

When this process is employed, the emergency-call answerer
requests from the caller information on the type and 1ocation‘0f the
emergency. | |

Once this basic information is received, the caller is electron-
ically transfered‘(switched) to the call answerer 6r dispatcher of

the appropriate, responsible service.
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The call transfer“prpceSs is often viewed by public safety
_agencies as mure desirable because the agencies aré able fo maintain
, thefr identity with the cftizen and to screen their own emergency
calls. One of the primary disadvantages of this method is that the
citizen'may;become frustrated'when asked to repeat certain details of
the emergéncy'incident, A simplified i]]ustration 6f this concept is
' shown in Figure 3-2b. | |

| A~morebsophisticated transfer process'Known as "selective"
rOutiﬁg has been deve]dped which automates this iechﬁique. A cbmputef
‘ performs,cértain.te]éphone switching functions whiqh connect the

_caller with the appropriate public safety agency.

3.6.4, Process P5.4: Call Referral Process.

This process is activated when the eMergeﬁcy reported is not
‘immediateJyk1ife‘or property threatening'and requires only thé response
of 2an égency not direct]y affi]iated with public saféty (such as a
qﬁi]ity company, U.S. Forest Service, Coast Guard, FBI, or the
like). The émérgency call answerer provides thé caller with the
appropriate seven digit'telgphone number and then the caller is
required to contact the proper agency directly.

A‘simp1ified iliustratipn of the call referral process is shown

in Figure 3-2c.

3.7. Process P6.0: Emergency

Medical Unit Transit Proqess'

o This process is activated'after the receipt of a dispatch message

 from a public safety agency or, in some cases, from private dispatch

3
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services. The dispatch method may employ LMR or some configuration

of land-line to a medical unit station such as a fire station, private
ambulance serviée or vo]unteef ambulance combany. Volunteer systems
may also use LMR‘paging and/or speciél public telephone options

(i.e., all call) to alert and dispatch their personne1.

This process commences when the medical unit is enroute and
terminates with the completion of thé emergency scene initial eva1u-
atidn. Intervening delays include normal travel time, traffic congest-
ifon, inclement weathek; incorrect location/address, lack of traffic
control and/or‘crowd control at the emergency scene, medical unit
mechanical failure, and so on. Several research studies have developed
techniqﬁes for optimizing the number and location of medical units in
anvEMS geographical area, these references appear in the bibliography
and subprocess matrix in Appendix A.

During transit to the emergéncy scene; the medical unit requires
LMR communications with the agency dispatcher. In addition, the
dispatcher should coordinate and assign an LMR medical control channel
for communications between the mobi]é medical unit and the medical

facility.

3.8. Decision Point D2: Additional

Service/Equipment Required?

A decision is requ{red after the initial emergency scene evalu-
ation to determine if resources in addition to those already dispatched
are needed for such services as patient extrication, search and rescue,

fire hazard control, wrecker service, additional transport units,
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~utility company support,;highway mafhtenance, and the ]ikel If such
: éervices are réquired, an_additioﬁa]_de]ay is imposed by process -
P?.O, the service’uhit dispatch and transmit process. If additional
service/equipment is not required, the process moves to decision

point D3.

3.9. Process P7.0: Service Unit

Dispatch and Transit Process

This process is activated by the receipt of a request for additional
services from the emergency scene to the agency dispatcher. The
‘dispatcher then notifies the appropkiate service unit via LMR or some
configuration of land-Tine as to the required service and location of

the emergency. "Service units" in this study refers to those resources
which would act in a support capacity to the émekgency medical process.
For examp1e; if a medical unit reaches the scene of an automobile
Eccident and requests extrication services to free the accident
victim from the vehicle, the responding agency is the "service unitf.

The service unit process commences when the agency dispatcher
acknowledges the service unit request from the personnel at the scene
of the emergency. That process terminates when the.service unit
satisfactdri1y completes the requested'service. Intervening delay
components in this process include service unit dispatch, service '
unit avaiability, service unit travel time, traffic congestion and so

. on,
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3.10. Decision Point D3: Advanced Life

Support (ALS) Available?

Those EMS systems-whiqh have both basic and advanced Tife support
capabilities must have a decisior-making protocol to select the
appropriate medical response. This decision is normally made by the

agency dispatcher.

3.11. Process P8.0: Basic Life Support (BLS) Process

This process includes all delays from patient triage at the
emerygency scene, through patient transfer to a medjca] facility. The
BLS process is chafacterized as emergency first aid that includes
basic'ajrway management, shock management, application of cardiopul-
monary resuscitation (CPR), hemorrhage control, initial wound care,
fracture stabilization, extracfion and transport techniques, and
other similar first aid procedures.

In this process, LMR communication between the BLS personnel and
the medical facility transmits patient vital signs and other useful
diagnostic data to allow the recéiving medical facility to be more
fully prepared to receive the emergency patient; Since BLS pro-
cedures do not normally include intraveneous infusion or admini-
stration of drugs, the more sophisticated medical procedures are
delayed until the patient is actually transferred to a medical

facility.
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3.12. Process P9.0: Advanced Life

- Support (ALS) Process

Advahced life sUpport extends basic 1ife support: by includj?g
advahced airway ménagement, intraveneous infusion, drug administration,
defibri]]ation,‘cardiac monitoring, contfo] of arrythmias and post-
resuscitation care. These more advanced procedures which ALS personnel
are trained and authorized to administer, increase the probability of
stabilizing certain categories of patients at. the emergency scene or
en roﬁte to the medical facility; thereby, mitigating the effects of
the delay in transit to the medical facility. |

Usually ALS personne] are assumed to be under the direction of a
phys1c1an who is present, or who is in communication with ALS personnel,
or who has issued standing orders to deal with certain types of
emergency medical pa;ienté. |

Because of the mobile nature of the emergency medical envirdnment,
LMR technolegy has been quiie naturally a key element in EMS develop-
ment. The actual use, however, of LMR between the physicians and ALS
personnel Wi]] vary from system to system depending on such factors

as:

o ‘F%ﬁe relationship and confidence between the
physician(s) and_ALS personnel |

o  The experience of the ALS personnel

0 ’The;use of standing orders or protbco]s

o The‘feal and perceived quality of ALS training

) Thé amount of respbnsibi]ity accepted by ALS

personnel
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0 The amount of authority' delegated by the

" physician(s).

Regardiess of the ALS strategy, an LMR coordination channel
between a medical facility and the ALS personnel is a most critical

communications 1ink for operational and legal reasons.
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4. SIMULATION OF THE EMS TELECOMMUNICATIONS MODEL

The demonstration model.in>this study émploy; a dynamic, stochastic
simulation technique ﬁhat accurately accounts for the passage of time
and is capab1e of closely representing the’stochastic nature of the
EMS environment. For EMS system performance evaluation, the simulation
technique was considered more appropriate than the purely anaiytical
approach because of the Yarge number of EMS sy;tem subprocesses,
interrelationships and service distributions. |

Simulation techniques are commonly categorized as eiiher continuous
orvdiscrete. Simulated systems in which changes are predominantly
smooth, are called "continuoué" systems. Conversely, those in which
changes are predominantly discontinuoﬁs are referred to as discrete
' systems. Few systems are wholly continuous or discrete; however, as
the various processes in an EMS system are subdfvided, the sub-
‘processes.take on the appearance of a number of discrete steps.
Techniques which are designed to accommodate stochastic, discrete
~events are called discrete simulation models. Such models are ideally
suited for implementation on digital computers.

Since any. modeling technique places certain Timitations on the
VQegrée'to which a particular system can be replicated, the following
subsections will discugs the assumptions and 1imitations imposed by

* the selected simulation language.
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4.1. Simulation Language

A number of discrete simulation programming 1angqages ére commer-
cially available. The software selected for this study is the Génera]
Purpose Simuiation System (hereafter referred to as GPSS), a language
developed by Interﬁationa] Business Machines Corporation. The GPSS is-
both a Tanguage and a coﬁputer progrém. As a 1anguége, it has a well-
defined vocabulary and grammar with whicﬁ ;ertain types of system
‘models can be unambiguously described. ‘As a computer program, it
interprets a model described in the GPSS language, thereby making it
possible to conduct experiments with the ﬁode] on a computer (Schriber,
1974). GPSS has been written specifically for users with little of no
programm%ng experience. This simplification of GPSS re§u1ts in some
loss of f]exibi]ity compared with SiMSCRIPT or the more general
purpose languages sﬁch as FORTRAN or PL/1; however, .a su}vey by D.
Teichroewiang J.F. Lubin (1966) found no evidence that either GPSS or
vSIMSCRi;T was restricted to any particular type of system. They
concluded that both GPSS and SIMSCRIPT were general enough to be
equally applicable to a wide varieily o% systems. The GPSS Qenera]]y
“requires greater storage and execution thén SIMSCRIPT or the other
general-purpose languages; ﬁowever, with the decreasing cost of
computer storage and qimproved throughput capabilities of ‘current
computer hardware, these .factors are probably no longer serious
cohstraints.- A mohe'significaht justification favoring GPSS is the
savings of human resources and the reduction of ﬁroject time. The
- GPSS has excellent diagnostics af the sou}Ce 1angage level, at compf]er

time, and during the simulation. These diagnostics allow the user to
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. debug and check the programs quickly (P.A. Bobillier, 1976).. Debugging
stochéstic gimulation models can be very complex and time consuming if
complete diagnostics are not provided. Another factor favoring GPSS

"is the level of user maintenance and the number of computing facilities

;wﬁich can support it. |

A Eommoh tendency in modeling is to become so involved with the
mode] thqt the original underlying assumptions and Timitations are
obscured. P.A. Bobillier, et al. (T976)’deve1oped a list of four

general limitations common to simulation modeling:

-0 Simulation may not give the obtimum solution
of a problem but is quite useful in comparing
alternatives. | 4

‘o The validation of completed 'simulation models
can be very difficult because of stochasticity
and autocorré]ation. ‘

0 The accuracy of simulation resu]té will be
somewhat unpredictable if a limited number of
samples are simulated

) Simplifying aséumptiqns made in building thé
simulation model structure(must be caréfu]]y
understood so that the limits of genera]izatipn

are known.

These are not exhaustive, but they represent some of the primary
pitfalls which are common to modeling in general and simulation in

particular.
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In reviewing the Titerature for this study, several‘simu1ation
modé]s were found that had been empioyed in law enforcement and fire -
but only one model was found to have a systems application in EMS.
4This particular model was documented by R.B. Andrews, et al. (1975),
in a study funded by the U.S. Department of Transportation. The medel
was initially programmed in SIMSCRIPT and later rewritten in PL/1 to
eliminate sqftware and computér support problems. Detailed dﬁtumén-
tation of the simulation model wés not réviewed, but the outline
contained in the U.S. Department of Transportation study had a number

of interesting program options.

4.2. Programming the Model

The GPSS can be described as a block-diagram language which
lends itself to the analytical process used with flowcharting.
Flowcharts provide a basic piece of GPSS programming documentation as

well as a graphic roadmap for»undérstanding the model. The process
of building flowcharts (Figures 4-1, 4-2, and 4-3) and obtaining
extended tomputer printouts (Appendix B) were designed to provide .
- this documentaﬁfon. It should be noted, however, that there is not
an exact one-to-one correspondence between the flowchart blocks and
the extended compute; printout. In an effort to reduce the confusion
involved in comparing the flowcharts and the computer program, the
process and decisjon block numbers on the flowcharts have been inc]uded
in the right—ﬁand column of the extended computer program listing-
(Appendix B). In addition, those GPSS proéram steps which do not

appear in the flowcharts are identified in two ways in Appendix B:-
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0 GPSS OPR - ~ indicates a GPSS operation
which ‘is }equfred for
program - operation  and
implied  in the system

7 operation

o  GPSS STATISTICS -  indicates a GPSS program
step reguired for the gather-
ing of simulation model

statfstics.

In developing the demonstrétion model, only the basic GPSS program-
ming b]ocks‘were used. This approéch was taken to reinforce the~
analytical value of the model by retaining a relatively close one-
~to-one correspondence between the mode] f]owéhari and the extended
éomputer progrém. This can be a somewhat. inefficient programming
apﬁroach‘bht was considered an important tradeoff in this case. It
is assumed that if EMS personnel intend to employ simulation modeling
in théir local EMS system, they will consult with computer pkogram-
ming personnel. Once a basic understanding of the simulation model
is developed by the EMS managers and planners, the programming can
" be modified to incorporate as many optioné as deemed appropriate to
replicate more fully their local EMS system. An excellent -GPSS
text authored by'fhomas J. Schriber (1974) is fecommended for
se]f study and aé a reference. Also of vaiueias a reference text is
the General Purpése Simulation System V User's Manual, available

from International Business Machines Corporation.
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4.2.1. GPSS Clock Operation

GPSS is an event-oriented simulation model. Once a specific
event is completed, the program automatically determines fhe next
event to occur and updates the simulation clock by adding, to the
present time, the time until the next event. The.program then
proceeds with the set of operations associated with that event
(Larson, 1971). " Thfs ability to compress hours, days, and weeks
~into a few seconds of computer -time is one of the primary advantages
of simulation modeling.

There are several GPSS clock features which require greater
elaboration. |

) The GPSS ﬁ]ock registers only integer values.

This means that events can only occur at whole
time values in GPSS models.

0 The unit of tfme which the clock registers is
programmed by the user. The user is responsible
for deciding the smai1est time unit required
to reflect reaiistica]]y real-time system
events in the model. The user must then take
care to express all time data in terms of this
smallest unit. The demonstratioﬁ model 1in
this study uses the second as the smallest
unit, so all data are reflected in seconds,
unless noted. |

) GPSS is a "next event" simulator as noted

previously. Potential clock readings are
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‘skipped when no events are to take place at

those times (Schriber,71974).

S

4.2.2. Random Numbter Generator

- ~The abi]iﬁy to draw values from uniform and nonuniform
distributions is an integral part of modeling stochastic

systems., = The modeling process begins with a function which,

' when called, generates as its value a number drawn at random

from a population uniformly distributed over the interval from

0.0 to 1.0. Such a function is simply referred to as a random-

-, number generator ‘(Schriber, 1974). There are eight distinct

sources of uniform random numbers in GPSS. These random-number
sources are a predefined part of the processor itsé]f aﬁd are
identified as RN1, RN2. ...RN8. Care must be exercised in the
programming of random-number>'functions to insure that the
initialization énd seéd selection replicate as closely as
posSible the actual system being modeled. The application of

random-number generators will be discussed later in this chapter.

£ 4.3. Model Analysis and Data.Collection

Once fhe structure of the model has been defined, data can

be assigned to the various subprocesses. The data selected

" should replicate as closely as possible the system being simu-

lated; however, EMS system managers and planners must be sensi-
tive to the data co]]éction problems, cost, and other factors

which may compromise the simulation process.
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The assignment of nuﬁerica] values to the various decision
. and delay points in the mode]lcan be drawn from empirical or
hypothetical data. In practice, the numerical assignment is
generally a combination ef the two sets. Factoring the assign-
ment of values into subprocesses has the advantage of focusing
on mo}e discrete components of the total system. Thé danger of
this process, however, is accepting the output of the simulation
model without a c;reful analytical and intuitive sé]f*Check.
Section 5 will discuss certain analytical tecﬁniques which can
assist the user in verifying and validating his/ker model. The
user fs éncouraged to employ %ntuition and analytical self-
checks to avoid a ritualistic app1ication.of simulation modeling.

A review of the EMS research literature.indicates that the
majority of the studies have not specifically addressed the
varioﬁs citizen access subprocesse; (especially P1.0, P2.0, and
P3.0 in this study), or if addressed, have been treated as a
single event (see R.B. Andrews, et al., 1975). As a result of
this résegrch void, very little data are available with which
to make comparisons or judgments. This would appear to be a
fertile EMS’research area, one in which the delay components
are very critical fo certain types of emergencies. .

The decision and delay values used in this study were not
derived from rigorous research but_were reviéwed by EMS personnel
to assure that thé values were reasonable approximations of
those which could be found in an actual EMS area. As noted, -
the intent of the inc]u&ed values are for demonstration purpﬁses

only and in no way should be construed as standards for EMS
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deﬁigh criteria. The BUmbep‘and complexity of interrglationshfps
“whﬁchfexist‘in EMS systems dictate that each local EMS area
must define 1its own subprocess values baseq on geography,
pdpulation, polipica1 boundaries,“human'and economic resources,
_ agenty cooperation, weather conditions, and so on. This should
not imply that there aré no common values, but that EMS system
managers and- p]anners should understand why they are se]ect1ng
a part1cu1ar va]ue even if it is a crude approx1mat1on

To assist local EMS managers and planners in this task, a.
matrix has‘been~inc1uded.aS'Appendix A. The intent of this
. matrix -is to provide a cross reference between specific process/
decision point blocks and related research material. These
refefences:are.notfnecessarily'exhaUStive, bdt the~additiona1 :
citations in the bibliographic references list shoh]d“provi@ev
the necessary’audit trail for most important research contri-
butions. . In additioh; the Appendix A matrix provides a 1list of
the protess/dedision;point values for the demonstration model

and blank columns for the user to insert local EMS system

. -values,

vThe remaihdef,of this section will analyze each of the
subprocesses and d{scuss particular problems invqlVing data
collection, subroutineé, and other factors which are pertinent
to a particular subprocess. While reviewing this section, the
reader is enﬁouraged to use the appropriate figure (i.e.,
Fﬁguré 4-1, 412,79f 573)Ain;follgwjng the.?grrapjye.k,Thgse.

figures are located at the rear of the document. . .
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4.3.1. Process P1.0: Emergency Medical Event Occurrence

The .generation 6f emergency events which replicate thbse
occurring in the actual EMS area is critical to a simulation
model becausg it d;fines the emergency arrival patterns for
subsequent processes within the model. The usual way of describ=-
ing a service arrival pattern is in terms of the interarrivai
time, defined as thé ihtgrva] betweenAéuccessive arrivals. In
addition, when the arrivals vary stochastically, it {sbhecessavy =
to define further the‘probability functions of the interarrival
times. A éommon probébility'funétion which has been used to
describe many different phenomena is the Poisson formula. This.

distribution can be useful providing that the assumptions

.undérlyfng this fdrmu]q are representative of the actual system

being simulated. The Poisson formu]a'assumes'that:_:

‘o The fnterarhivai times of emergency incidents

within the EMS area are independent of one
‘another. For example, this &ssumes that an
‘automobile accident on the freeway and a heart -
attack in a residential suburb aré not related.

o The bﬁqbabijity of two or more emergency

incidents occuring simultaneously in the same
EMS area is neg]ﬁg%bly small. In other words,

" the prbbabi1ity of a zefo interarrival time is
assumed to be highly unlikely.

o The probability That an‘éfriVai occurs during

a small time interval is proportional to the ;
size of the interval.
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These assumbtibns appear to be compatible with most EMS area conditions
except major diSasters such as tornados, earthquakes, chemi;a]

spills, nuclear radiation or the 1ike. Under disaster conditions,

the assumpt%ons would no longer be representative.of the arrivai
patterns and the simulation mode]_wou]d not replicate system perfor-
mance. Under’such conditions, the system would 1ikely be saturated
and berhaps partially destroyed; making system performance very
difficuit to predict. If'these Poisson assumptions can be accommo-
,datedrwithin the exgeptiOns noted above, a simulation model can be
progfammeé which describes the distribution of the ehergency incident

arrival rate. The,distribution;is shbwn in the fellowing equation:

efAT(AT)k
k!

Pk(T) = ,k=0,1,2, ... (4.1
where, '
P.(T) = probability that exactly k arrivals
will occur during -a time interval of
duration T
A . = mean arrival rate per unit time
e = base -of the natural logarithms.

When a Poisson arrival process is to be simulated, it is not arrival
rates which are of direct interest; instead, it is the corresponding
interarri9a1ftimes which must be known. Equation (4.1) can Se
manipu]ated‘to produce the associated distribution of interarriva1
time. fThg~resu1t is called the exponentia1 distribution.' When

" arrival rates are Poisson distributed, the corresponding interarrival
times are exponentially distributed (Schriber, 1974). InkGPSS; the
équation which defines the samp]éd interarrival ‘times is shown in |

(4.2). 16



IAT'Sa

where

,IATsa

YIATaV

RNj

log e

mple (IATavg) [-Tog e (1 - RNj)] | (4.2)
mple é' sampled interarrival time
g = average interarrivail time in effect

= a selected random number generator

1}

natural logarithm operation.

To generate an IAT sample the user must specify the three variables

" in the equation (4.2).

0

For practi
generator
time need

rates. Th

The average interarrival time in the time
units selected for the simulation model. 1In
this model the time would be’expressed in

seconds.

- The desired GPSS random number generator

(e.g., RNT; RN2. . .),
The GPSS standard exponential function or a
modified function based on local service area

empirical data.

cal purposes, once the user has selected a random number
and exponential function, only the average interarrival
be changed to simulate different emergency system arrival

e average interarrival times will vary depending on the

hour of the day, week, and month, requiring that the simulation

mode1 be redefined so that it closely approximates those same

interarriv

al rates found in the actual EMS area. Determfning the -

actual number of medical emergencies that occur in a defined EMS
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area; hdwever, is difficult because some citizens request emergency
assistance from public safgty agenéies, others may go directly to
an eﬁergéncy medicai“fa¢i1ity or clinic, still others may die at
home or some other location before emergency aid is requested."
Thus, to collect these data for a specified EMS area will require a
clear Understanding of what is meant by a_medital emergency and a
knowledge cf the various agencies and institutions which aét as entfy

points for emergency medical incidents.

4.3.2, Process P2.0: Emergency Medical Event Detection

The detay between the occurrence of an emergency medical event
and its detection depends on‘suéh_factors as location, weather, human
physical presence, and many of thg eiements embodied in EMS public .
education and training.

The delay involved in detecting an emergency medical event is not
deterministic. If not deterministic, however, what type of distribution
. most closely replicates it? G. A. Mihram (1972) warns that care must
be taken in model development to ensure that the randomness introduced
into a stochastic simulation model is appropriate and in accord with
the'stochasticityvencountered in the modeled system itself. Ideally a
simulation model should use randomly selected data from the system
being replicated. A survey of the literature failéd to reveal ény

research which evaluated this delay process. In the absence of any

. known studies, the emergency detection process was evaluated using the

Poisson assumptions to determine if that distribution could be used as
“an apprOximation'for initial mode1ing purposes. In evaluating the

Poisson assumptions, no primary problems were encountered and it was
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conditionally accepted for'the demonstration model'in’this study. The
uger, however, is encouraged to ana]yze‘cérefu]ly the emergency detec-
tion process and to collect empirical data from his/her EMS area |
before accepting the Poisson distributien.

| When an emergency event is genefated in P1.0 (Emérgency Medical
Event Occurrence) and moves to process block P2.1 (Emérgency Medical
Event Detection), it is delayed by a holding time which simulates the
detection delay. The detection de]ay.fs generated by the following
equation in GPSS: :

Dsampte = (Dayg) [10g,(1-RN,)] ' (4.3)
where

%samp1e = delay sample

Davg = delay average

RNj = a ;e]ectéd random number generator

loge = nafura] logarithm operation,

To generate a D

sample the user must specify the three variables in

equation (4.3).

0 The average emergency detection time, in the
time units ée]ected for the simulation model.
In this model the time would be expressed in
seconds. - v |

0 Thé desfred ~GPSS ‘random number generator
(e.g., RN1, RN2, . ...) which was not the\game

‘seed as that used in P1.0.
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0 The GPSS standard exponential function or
ideally a modified function based on Tlocal -

empirical data.

Similar to P1.0, once the user has selected a random number generator
and exponential function, only the average inperarriva] delay time
would be changed to simulate different emergency system detectfén
delay rates. Thé average interarrival delay times will obviously
vary depending on the hour of the day, week, and month. Clearly
such factoré as location, weather, sight distance, and so on, must
be carefully c0nsidered if the model is to replicate the local EMS
service area. Data collection techniques for detefminihg interarriVa]
detection times can be quite complex and time consuming, however,
some concepts and perhaps existing data may be avai]ab]e.from city
and state traffic engineering personnel. Data reqﬁifed for highway
and traffic signal design are closely related to certain aspects of
emergency detection.

After the event leaves process P2.1, it enters decision point
D](PZ.O). This decision point was included to account for those
emergencies which‘g0'undetected oriunrepérted and events associated

with people who either recover without seeking outside assistance

or die. - -

4.3.3. Decision Point D1: Render Emergency Assistance?

. Once the emergency event is detected, the person who detected
the event must decide whether to render assistahce or ignore .the

event:. One GPSS block which allows an event to be chosen at_random
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from two possibilities (i.e, render aid or ignore) is the transfer
block in the statistical transfer'mode. If the user assigns a
value of .25 (25%) to the transfer block the results over the Tong
term would be that 25% of the emergency events enter1ng the D1
transfer block will transfer back for redetection and the additional
,dé]ay involved .in that process. It is probable, in this. modei;
that an emergency event could be recycled more than one time. The
remaining'75%lof the emergency events, over the long term, would
proceed sequentially through D1 to the next process. In GPSS, the
transfer block s graphically represented by the "diamond" or
traditional "decision" block.

Thé techniques and existing reseérch for gathering data and
finally quantifying’the numbér‘of individuals who fail to report'
detected emergencies are nbt well developed. Studies have been
conducted on emergency bystander behavior which might offer some
assistance in approaching this prob]gm. These studies are referenced
in Appendix A and the Bibliography. If questionnaires and/or
interviews are used to collect these data they must be carefully
designed because most ‘citizens would be reluctant to admit that
they did not render aid in a medical emergency. In approaching
this data collection problem, the EMS maﬁagers,and planners. are
encouraged to review carefu]Ty the behavioralgaspects of not respond-
ing. Ronald A. Howard (1973) breaks such a decision.into three
preference categories: The first kind of preferehce is value
ass1gnment the second, time preference; and the third, r1sk prefer-

-ence. Analyzing the detection prob]em from these three perspect1ves

may provide ideas for data co11ection techniques and also EMS
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kpub]ig educatioﬁ programs to increase the probability of reporting
detected’emergencies. ‘

For purpoées of this simﬁ]ation model, it was estimated that
25% of the persons detecting an emergency would not report it, and
therefore a.subseduenf detection would be necessary. This selected
value represents the peak hour simulation period. This pertentage'
would ha!e to be redéfined for other periods of the day, week,

month, and season.’

4.3.4, Process P3.0: Emergency Assistance Process

Data required for this process involve the percentage of
persons rendefing active or passive aid, and those using private
resources (i.e.,.priVate automobiles, . . ) instead of requesting
public safety ﬁesoufces. ‘Certain data collected for processes P1.0
and P2.0 should be helpful in assigning the decision point values
ih the emérgency assistance process. |

P3.0 employs several blocks (P3.1, P3.2, P3.3, and P3.4) which
use uniférm]y distributed de1ay‘ times rather than nonunifarm
distributions discussed in P1.0 and P2.0. . In GPSS, uniform delay
‘s expre#sed as A + B. AWhere A is definéd as the average delay
time and B is defined as the half-width of range over which the
deiay is uniform]ykqistributed. For example, if A is 10 seconds
and B is 5 seconds, tﬁeﬁ, for each emergency event moving into this
process block, the range of possible de]ayé will vary over the
. integers from 5 to 15kseconds, inclusive. The delay encountered by
the.event will be se]ectedfat random from this range of.integehs;

it an emergency event enters decision point D1(P3.0) and decides to

52 .



render active aid, it moves to subprocess P3.1 (Analyze/Render

Aid). This subprocess ihvo]ves a number of different actions that

a citizen can take such as reducing the chances of further harm to
the injured, administering first aid, sending a second person for
additional assistance, assessing the emergency scene and going for
help, and so on. Some studies have been conducted which include
delay times and other insights into this process (see Appendix A

. and Bib]iography). The average delay, however, should be carefully
evaluated in each EMS area so that the best approximqtion’is selected
for specified times of the day, week, month, and season.

If personnel at the emergency scene decide that additional
assistance is required, the emergency event movés to subprocess
P3.3 (Decide Whom to Notify). The delay in this process depends on
the assisting person's knowledge of the EMS system and familiarity
with the po]itiéal jurisdictions and their associated public safety
systems. SRI International has conducted several surveys for clients
which may provide assistance in developing data collection relevant
to this subprocess. The next subprocess, P3.4 (Decide How to Notify)
is closely related to P3.3 and involves the same data collection
techniques.

If the person assisting decides not to reguest additional
assistance, the emergency event enters subprocess P3.2 (Private
Resources). This subprocess has not been fully defined because it
1s considered outside the scope of this telecommunications study;

however, it must be represented because it changes the number of
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emergency events that subsequent processés of the model will not be
required to serve. In addition, EMS system managers and planners
need to understand why persons assisting in these emergency events

elected not to use the public safety system.

4.3.5. Process P4.0: Citizen Emergency Access Process

This process provides the communications link between‘é‘cftizen
requesting aid and the public safety‘answering point (PSAP). Since
the primawy method of emergency citizen access is the public tele-
phone system, thekmajor emphasis of this subsection will be on that
system.

Events entering P4.0 - Citizen Emergency Access, move into a
cascade of decision points which are programmed for a local EMS
area by setting the statistica] transfer blocks D1(P4.0), D2(P4.0)
and D3(P4.0) to reflect the Tevel of actual traffic in each of the
four méthods illustrated in Figure 4-1. For example, if empirical
data in a local EMS study revealed that 90% of the reports of
emergencies entered via the pub]ié telephone system, the D1(P4.0)
transfer block would be programmed to pass sequentially 90% of the
events to P4.1] (Public Telephone System), and to fransfer the
remaining 10% to one or more of the other thkee methods via D2(P4.0)
aﬁd 03(§4.0). It is possible thatk%ﬂ'emérgency event may use more
than one method to gain access finally to the appropriate égency;
therefore, the sum of the four accesé methods may be greater than

the events'entering the citizen access system.
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- 4,.3.5.1. Process P4.1: Public telephcne system process.

Events moving into process P4.1 encounter a series of delays commenc-
Jng with subprocess P4.1.1 (Locate Private/Public Teléphone). The
' déTay'encountered in locating a te]éphone can be approximated
thrbugh follow-up interviews, analysis of public telephone locations,
angl interviews with pubiic safety call answerers.

| it the emergency caller knows the emergency number or it is
posted on the telephone, and the telephone requires no coins, the'
event moves into subprocess P4.1.7 (Dial Emergency Ndmber). The
delay in dialing depends: on several factors; the number of digits
(8-1-1, or some seven digit number), the anxiety of the caller, and
whether the telephone is touch-tone or rotary dial. A stop watch
can be used for measuring the approximate dialing delay in the
local EMS service area.

After dialing the number, it an emergency telephone circuit is
avaﬁ]ab]e, the event moves immediately through subprocess P4.1.8
(Capture Emergency Telephone Circuit) and into subprocess P4.1.9
(Emergency Telephone Ringdown). Ringdown is defined as the length
of time that a telephone rings before it is answered. Given the
normal telephone-company standard that each ring is twd seconds
long followed by a four second pause, a ten second rinngWn time
allows two rings. Some PSAP's have intercept equipment which is _
activated after some predetermined delay (e.g., 10 secondsj if the
emergency call is not answered. The caller is advised that there
is a delay and not to hang up. The delay encountered in‘this
subprocess is dependent on the traffic design criteria in the next

major process, P5.0 (Call Answering and Dispatch).
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When the event was waiting and then moved into P4.18 (Capture
Emergency Telephone Circuit), statistical data Were(being collected
by a GPSS subroutine involving the queuekof the event and the
~p]acement of the captured "te]ephohe" circuit in a computer simulated
storage facility. Some of the data generated by these GPSS sub-
routines include total calls.processed during the simulated periqd,
average 1ength of t%me‘per call, average trunk utilization, and so
on. These data factors will be presented and analyzed in Section 5.

If the emergency caller does not know the emergency telephone
~number and it is not posted on or near the telephone, the caller
has the optiop of contacting the commercial telephone operator or
looking up the emergency nﬁmber in the telephone directorv. The
probability of the emergency caller's knowing the emergency number
has been studied by a number of consulting firms, most notably
“SRI International. These studies involved citizen questionnaires
and/or interviews to determine various constraints to citizen access.
Determining probability figures for this decision poiht D1(P4.1.0) in
a specifie EMS area will be influenced by such factors as community
size, fhe number and geographical definitions of adjacent poTitica]
| jurisdictions, the quantity and Tisting of'emergency telephone numbers
inbthe telephone directory, the effectiveness of EMS pub]ic education,
the ‘number df,visitors and tourists in the cdmmunity, and so on. If
the CaiTer decides to look up the number, the event moves into sub-
process P4f1.5 (Look Up Emergency Number). The delay involved in
1ooking‘0p the emergency number can be locally approximated byvex-
perimentally testing~a-number of citizens to determine their de]ay in

responding to some emergency scenario.
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If the emergency caller elects to dial the operator and the
telephone requires no coins, the event enters subprocess P4,1.2
(Dial "0" Operator). After the caller dials "0", the event enters
subprocess P4.1.3 {Operator Delay). This process is somewhat 6ver
simplified because the telephone industry has dramatically changed
its policy toward the role of the telephone operator. Factors such
as direct distance dialing and 9-1-1 emergency numbers have changed
telephone operator staffing patterns and physical locations so that
faf greater delays are now common in attempting to gain operator
assistance to report emergency events. Delay for this process can
be determined by calling the telephone operator at selected times
of the day, week, and month to establish the mean and extreme delay
times. This information is useful in a simulation model, and it is
also valuable for EMS public education programs.

If coins are required in decision point D5(P4.1.0), the event
moves into subprocess P4.16 (Locate Coins). The delay in this
process invo]veé the time to locate a coin in a purse, pocket or
request change from a bystander. The literature reviewed during
this study contained no research data on the probabi]ify of having .
»the necessay coins in those cases involving emergencies. If the
Tocal EMS area;public telephones require coins to géin a dial
tone, experimental studies or probability theory can be employed to
approximate the delay factor as simulated by the decision point in
D6(P4.1.0). If coins are not located, the caller must-seek a
private telephone, Teave the immediate area to find change or use a

" different citizen access method.
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In decigion point‘D7(P4.1.0), if the emergency caller receives
. a busy signal, the event is transferred to subprocess P4.1.11
(Busy/No Answer Delay). This delay involves the standard telephone
switéhing time to receive a busy signal and termiﬁate the call.

For this simu]ation model the probability of receiving a busy
signal }b]ocked call) on the emergency telephone service is .001

- (Grade of Service P001).

In decision point D8(P4.1.0), if the wrong number is dialed or
telephone switching erroys cause*én»incorrect connection, the event
moves .into subprocess P4.1.0 (Check Emergency Telephone Number).
While several studies implied that the anxiety of the emergency
environment was conducive to errors in dialing, no research data
was found that clarified or quantified the probabi]ity of suth
errors. ' '

In decision point D9(P4.1.0), if the event is notvanéwered in
some predetermined period by the PSAP emergency call operator, the
event is routed tq subprocess P4.1.11 (BuSy/No Answer De]ay). For
this simulation model the probability of the call being delayed
beyond some predetermined time (e.g., 10 seconds) is .01 (Grade of

Service PO1).
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4.3.5.2. Process P4.2: Land/mobile radio (LMR) system process.

Events moving into process P4.2 encounter a number of decision points
starting with D1(P4.2.0). If the emergency caller has a radio, and no
radio relay is required, and a radio channel is available, the event
moves to subprocess P4.2.4 (Send Radio Message). The delay involved in
sending the meésagé will depend on the emergency incident location,
radio training, radio presence of the calier, and so on. If the radio
message is received and acknowledged, the event moves to subprocess
P4.2.6 (Consolidate Information). This process includes the time required
for the radio call receiver to evaluate the information. Subprocess
P4.2.7 (Cohtact Public Safety Agency) is the delay involved in determining
the appropriate agency to notify and the method of notification. Delay
estimates for thesé two processes require an understanding of the local
LMR user organizations (i.e., business, industry, C.B., amateur, . . .)
and the level of support they provide to the public safety agencies and
the community in general. |

Decision point D6(P4.2.0) assumes that if the emergency call
receiver does not relay the emergency message to the PSAP via the
public telephone system, a 1oca1‘LMR channel is available to contact
directly the agency dispatcher. |

If the emergency caller does not have an LMR unit, the event moves
to subprocess P4.2.1 (Locate Radio). The delay encountered in this
subprocess again is highly dependent on the conditions in the ioca] EMS
area. Studies conducted by Systems Applications, Incorporated (see
Appendix A and Bibliography) evaluated various technologies (e.g. LMR-

voice, LMR Beacon-precoded message, . . .) and provided some probability
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and delay approximations; however, additional research in this technology
is qeeded‘td determine if LMR beacon technology is feasible. Subprocess
P4.2:2 (Radio Relay Coordination) is also quite vague and must be analyzed
at the local EMS level based on probable accident Tocations, availability
of LMR repeaters, propagation characteristics of the area, and the
coordination of business, C.B., and amateur radio organizations. Delay
estimates for this relay process can be developed through experimental
studies and discussions with local business, C.B., and amateur organi-
zations.

If a radio channel is not immediately available for transmission of
an emergency message, the event moves into subprocess P4.2.3 (Wait for
Channel). The delay encountered in this subprocess is primarily a
function of average message length, average number of message arrivals
per unit time, and/or interference. Delay approximations for this
process can be calculated or existing data can be evaluated using ihe
analytical techniques discussed in Section 5.

| If a radio message is not received in whole or part, the event
moves into subprocess P4.2.5 (Repeat Message Coordination). This
subprocess involves the time to detefmine what additional information is
required and/or who sent the request for emergency assistance. Various
types of man-made and/or environmental interference may tontribute to
the lost information. Local radio channel monitoring and radio user

interviews will assist in establishing delay estimates for this process.
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4.3.5.3. Process P4.3: Call box %ystem. Events moving into

bfocess P4.3 encounter subprocess P4.3.1 (Locate Call Box). This
delay block incorporates a number of different actions which involve
remembering the location or looking for a call box. Delay estimates
for this process can be calculated based on the number and locaticn
of such call boxes in the EMS service area. If a call box is

- located and it is operable, the event moves to subprocess P4.3.2

(Activate Call Box). The delay in activating the particular call

box system(s) in an EMS area can be estimated through simple experi-
mentation with the system. The call box message in the simulation

model is assumed to terminate at some agency such as the highway

patrol, highway maintenance, freeway authority for highway call

boxes, and public safety agencies for fire, police and emergency

medical call boxes.

4.3.5.4. Process P4.4: Direct contact process. This process -

involves a person's physically locating and reporting an emergency
_event directly to a public safety agency. This process was included
as a means of citizen access because it is still used in some EMS
areas. The process of events in P4.4 are common to most agency
operations and the delays involved can be estimated with locally
available information. The statistics generated by the GPSS sub-
routine can be analytically self-checked uéing basic queueing
theory set forth in fhe Appendix A references or other available

texts.
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4.3.6. Process 5.0: Emergency .Answering and Dispatch Process

The call answering and dispatch process'involves a complex

interrelated set of subprocesse§ whose primary responsibility is

_expediently to Tink an emergency need and an emergency response.‘

There are four generally éccepted configurations which define the

: emergency answehing and dispatch processes: direct dispatch, call

re]i?, call ‘transfer; and call referral (see Section 3). The

answering’and dispatch process'might use one or more of the four

- configurations in its initial, operational design and then be

modified to accommodate changes in interagency policy and cooperation.

As noted previously, this study has chosen»not to develop direct

dispatch for the reasons delineated in Section 3.

In the simulation model, the emergency events entering the
P5.0 process (see Figure 4-2) are statistically apportioned between
cé]l relay, call transfer, and call referral by the program values
assignedkto decision points D2(P5.0) and D3(P5.0). Data collected

from thé EMS area can be used to determine the percentages assigned

to each of the threé“configurations.

The subprocesses of the different COnfjgurations will now be

éna]yzed,using the Figure 4-2 flowchart.

4.3.6.1. Process P5.1: Direct‘dispatch<process. As discussed

in Section 3, the direct dispatch concept is not developed in this

model. Ifka user has a one-stage direct-dispatch system, minor

pfogrémhing changes can be made to the P5.2-Call Relay Process to

simulate satisfactorily the direct dispatth process.
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4.3.6.2. Process P5.2: Call relay process. The call relay

process .in this demonstraticn assumes a two-stage‘cpnfiguration, o
employing emergency call operators and dispatchers. When the event
moves into P5.2-Call Relay Process and an emergency-call operator
is available, the event moves immediately through subprocess P5.2.1
(Capture an Operator) to subprocess P5.2.2 (Obtain Emefgency Informa-
tion). If an emergency-call operator is not available for service,
the eﬁergency caller is held in queue until an operator becomes
available or the caller terminates the call. 1In the emergency
environment, it is more 1ikely that the emergency caller will wait
until served, especially if a tape recording assures the caller
that a call operator.wi11 be available in a few seconds. The
telephone procedure in this model assumes that if the delay in
answering the emergency caller exceeds approximately 10 seconds,
the call is answered by an intercept device and a taped message
asks the caller to stand by. While the emergency caller is waiting
to be served (in queue), statistical de]ay data are collected by a
GPSS subroutine. Analysis of these data will be presented in
Section 5.

As noted, when the emergency-call operator is captured, the
event moves into subprocess P5.2.2 (Obtain Emergency Information).
This process involves the emergency caller's relating the key
aspects of the emergency to the’operator. The operator should be
trained to probe with leading questions that capture the information
with a minimum of delay. A study was conducted by G. B. Keller and
’R:‘R! Lanese (1977) .that analyzed the role of the call-operator ahd

that defined those message characteristics which influenced the operator's
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decision making process. Certain aspects of this Study raise important
_questions d%garding the role, responsibility, and training of the
operator.f

Therdelay contributed by the P5.2.2 subprocess can be empir-
ically collected by monitoring recorded tapes and/or participant
dbservation. The use of operator forms is generally not effective
for quantifying this delay element because the devices (time
stamps) used to record the time generally have a minimum time
increment of 1 minute. In addition, there is no assurance that the
~ operator will time sfamp the report form to coincide exactly with
the beginning or termination of an event. A number of data collec-
tion studies haVe been conducted for various call answering configur-
ations and different demographic conditions. These studies are
referenced in the bibliography and Appendix A.

Based on thé information provided by the emergency caller and
pefhéps other re&lated soufces, the operator must determine the
validity of the emergency request. If the operator determines that
the request is valid, the event proceeds through decision ppint
D1(P5.2.0) to subprocess P5.2.3 (Terminate Emergency Call). 1In
some cases, the caT]-operator may temporarily place the emergency
caller on hold, with the intent of collecting additional emergency-
scene information. The model, as programmed, does not make provis-
jons for this feature. When the emergency telephone call is termi-

-nated, the te]ebhone circuit is removed from storage and is available

to serve another emergency caller. The time delay in terminating
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the emergency call may be quite short and involve only hardware .
termination deTays or may include some additional instructions from
the operator to the emergency caller. Data collection for this
'subprocess is frequently included in subprocess P5.2.2 (Obta%n
Emevrgency Information). In practice, the user of this model may
elect to.consolidate those two subprocesses into P5.2.2 and may
program P5.2.3 with a zero delay.

After the emergency call is términated, the operator consolidates
the emergency information as represenfed by subprocess P5.2.4
(Consolidate Information). This subprocess might include completing
a form and/or determining thé proper jurisdiction and responsible
agency. If the operator determines that no additional critical
information is required, the event proceeds through decision point
D2(P5.2.0) and moves to subprocess D5.2.5 (Capture a Dispatcher).
There are a number of different methods for conveying the emergency
information to the dispatcher. If the information is transmitted
electronically via telephone or computer terminal, some type of
signaling alerts the dispatcher regarding an emergency service
request. If the information is manually relayed via a conveyor
belt system, pqéumatic tube, messenger, or the like, a visual cue
generally alerts the dispatcher of a service request. If a dis-
patcher is not available for service, the event must remain in
queue until a dispatcher is released from storage; As before,
queue and storage statistics are collected by GPSS subroutines.
~ The delay involved inithe electronic transfer of emergency informa-

tion in this subprocess can usually be estimated from recorders
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and/or participanf observation; however, data collection is somewhat
more comb1icated for manual information transfer,methodsl

Once a dispatchef is captured, the event moves to subprocess
'P5.2.6 (Relay Information ‘to Dispatcher). vIn‘this demonstration
model, it is assumed that‘the infoﬁmation transfer is performed by
some‘eiectronic means . and the operator is not released until the
dispatcher has acknowledged receipt of information on the emergency
event. At that point, the operator is released from storage and is
made available for the next emergency call.

Dispatqher Subprocesses P5.2.7 (Review Emergency Information)
and P5.2.8 (Determine Emergency Location) ére interrelated, but
P5.2.8 may require the dispatcher to employ visual aids or some
other technology such as computer aided dispatch. If the necessary
emergency information required for dispatching is received from the
call operator, the event proceeds through decision point D3(P5.2.0)
and into subprocess P5.2.9 (Type/Availability of MedicaI'Units).
At this point, the dispatcher determines the appropriate ‘and
available medical and other resouces that should respond to the
emergency scene. The average delay assigned to this subprocess
will normally be a continuation of subprocess P5.2.8 and sometimes
will be difficult to differentiate; however, since P5.2.7 and P5.2.8
are functionally different subprocesses, they are treated individ-
ually in this demonstration model.

If the emergency medical resources are dispatched via land/mobile
radio (LMR), the event proceeds through decision point D4(P5.2.0)

and into 5ubprocesses P5.2.10 (Capture a Radio Dispatch Channel).
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1f a radio dispatch channel is available, the event moves immediately
. to subprocess P5.2.11 (Transmit Medical Unit Call Sign). As
before, statistics are generated by GPSS subroutines for channel
de]éy, channel utilization and average channe1‘usage.

If the medical unit receives the transmission from the dis-
patcher, the event moves through decision point D5(P5.2.0) and into
subprocess P5.2.12 (Medical Unit Radio Reply). A simplifying
assumption in this subprocess is that since the dispatcher has
already captured a dispatch channel, then channel discipline assures
its availability for the medical units' acknowledgement reply.
Channel discipline, propagation characteristics, and other factors
may not‘allow this assumption in some EMS areas. After the medical
unit acknowledgement has occurred, the event moves to subprocess
P5.2.14 (Send Dispatch Message). If the dispatch message is received
by the medical unit, the event proceeds through decision point
D6(P5.2.0) to subprocess P5.2.15 (Medical Unit Acknowledges Message).
The delay for these LMR dispatch subprocesses can be collected from
dispatch center recorders, from real time monﬁtoring of the dispatch
channels, or possibly from computer-aided dispatch statistics. As
noted previously, dispatch records are generally not adequate for
detailed analysis because the smallest time increment recorded is
gene#a]]y 1 minute.

After the medical unit acknowledges the diépatch message,‘thé
disbatcher assigns a medical control channel to the medical unit for

LMR communications with the appropriate medical facility. Technically
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this subproééss‘is not a delay element at this ‘point because it
doeS not inhibit the movement of the medicai unit to the emergency
sqené, however, a failure to estaﬁlish coordination with the assigned
,medicél facility can create medital control delays when the medical -
Uhit reaches the emergency scene. |

The P5.2 subpro¢esses"presented thus far have assumed a
sequential, nontransfer flow through the decision points. These
same decision points will now be analyzed to determine what occurs
when the eveﬁts are statistically transferred'to the alternative
subprécesses.‘

M In decision point D1(P5.2.0), if the call operator determines
~that an emergency medical response is not appropriate, but a non-
medical response (law enforcement, fire, sgaréh and rescue, . . .)
is required, then thé:event moves to subprocess P5.2.17 (Operator
Coordinate Other Response). This subprocess simulates the delay
involved for the operator to ccordinate the nonmedical response.
A review of the operator records and recorder tapes should provide
estimates for the percentage of nonmedical calls and information on
operator service delay. .

In decision points‘DZ(PS.Z.O) énd D3(P5.2.0), if additional
information is required by the call operator or dispatcher the
event proceeds to subprocess P5.2.13 or subprocess P5.2.76 respec-
tive]y; These call-backs are required if critiéa] information is
needed before resouréeévcan be dispatched.

~ In decision point D4(P5.2.0), if some configuration of telephone
dispatch is employed, the event proceeds to subprocess P5.2.19

~(Te]ephone the Medical Unit Station). This subprocess may invelve
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automatic ringdown, intercom, public telephone "all call" or some
other configuration. The delay time in contacting the station or
possibly voluateers can be estimated by observing the system opera-
tion or moniférfng the logging reforder tapes. If the telephone
dispatch is answefed, the event moves through decision point DB(PS.Z;O)
to subprocesses P5.2.20 (Relate Dispatch Message), P5.2.21 (Acknow1-
edge Message Received) and P5.2.22 (Medical Unit Clear the Station).
Delay data for these subprocesses would require on-site data
collection and interviews with the medical unit personnel involved.
In decision point D6(P5.2.0), if the medical unit fails to
receive the'message, the event proceeds to subprucess P5.2.30
(Repeat Message Coordination). Thig process includes requesting the
dispatcher to repeat the message or those parts which were distorted.
There are a number’of instances when field units and other
agencies will contact the dispatcher via an LMR channel. ' Subproces~
ses P5.2.24 (Capture a Radio Dispatch Channel) through P5.2.29 (Di-
spatcher Evaluate Resource Priorities) are designed to provide this
LMR access to the dispatcher. The details of these subprocess
blocks are similar to those already discussed, so further iteration

is not necessary.

4.3.6.3. Process P5.3: Call-transfer process. In the call

transfer process, the emergency call is transferred (switched)

electronically to the appropriate agenc& rather than just the
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infohmation'beihg relayed éskih P5.2-Call Relay Process. It is
‘quite cqmmon'in mosﬂ call transfer systems for the operator to
monitor the SWitching process to insure that the transfer to the
secend’agenqy has been satisfactory. The emergency caller then
repeats the emergency incident to the call operator in the second
’kagehcy, The‘ca11 answering and dispatch syetem of the agency
~ receiving the transfer could be similar to P5.2 - Call Relay Process.
Events entering subprocess Pé.S.] (Capture an Operator) wait
in queue unless an emergenby call operator is available, and then
the event ﬁoves immediately to subprocess P5.3.2 (Obtain Basic
Transfer Information). The objective of this subprocess is to
determine the type and location of the emergency (e.g.; fire,
vandalism, . . .) so that the emergency cali can be expediently
transferred to the appropriate agency. When this basic emergency
information is received by the call operator, the event proceeds to
subprocess P5.3.3 (Transfer Caller to Appropriate Agency). If the
emergency call is satisfactorily transferred to the appropriate
agency, the event moves through decision point D1(P5.3.0) and is
terminated as far as the transferring agency is concerned. If the
transfer is not satisfactory, the operator continues until the
transfer is complete. In order for the call transfer process to
replicate the system more closely, the emergency telephone circuit
is not released from storage for approximately 60 seconds after
transfer, to simu]ate the receiving agency's ca]]yansQering process.
In the call transfer pfocess_the telephone circuit of the transfer-
fing agency remains in service (storage) until the receiving agency

terminates the call.
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4.3.6.4. Process 5.4: Call referral process. This process is

intended for those events which may be perceived as emergencies by
the calier, but do not require a public safety response. Depending
on call referral answering bo1icy, the call operator might suggest
alternatives for the caller or in some instances provide a telephone
number for the caller to contact.

When the event enters P5.4 - Call Referral Process, it proceeds
to subprocess P5.4.1 (Capture an Operator). If a call operator is
avai]abTe; the event immediately moves to subprocess P5.9.2 (Obtain
Basic Referral Information). This subprocess probes for the primary
problem and- moves to subprocess P5.4.3 (Provide Information to
caller) when sufficient information is available. The operator
then terminates the call and the caller must redial the referral

agency. -

4.3.7. Process P6.0: Emergency Medical Unit Transit Process

This process 1involves the movemeﬁt of medical units from a
stationary location (ambulance garage, fire station. . .) or non-
stationary location (returning from call, enroute to a non-
emergency trahsfer, coffee stop, . . .) to the emergency scene. A
number of studies have.been conducted regarding optimum location
and number of medical units required to service an EMS area. Of
particular note is a text by Edward J. Beltrami (1977)‘which not
only directly addresses the problem of medical unit location, but
demonstrates a number of important analytical techniques regarding

travel time approximations and optimum medical unit station locations.
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‘R. B. Andrews, et al. (1975) documented an analytic method referred
to as Computerized Ambulance Location Logic (CALL). These and
‘6ther.references appear in the Bibliography and Appendix A.
In this demonstration model it is assumed that:
o A1l medical units can be dispatched to

any emergency medical incident fﬁkthe‘

EMS area. | |
. 0" Medical Unit dispatch policy selects

the c1osést unit in terms of estimated

travel time to the emergency scene.

The emergency event enters P6.0 and proceeds to subprocess
P6.1 (Medical Unit Enroute). This subprocess acéounts'for the
delay involved in determining the general location of the |
emergency, entering the flow of vehicular traffic and so on.
Data collection for this delay generally requires on-site
, obsgrvations énd'ihterviews with medical unit personnel.

" In deéision‘pdint D1(P6.0), if the medical unit does not
experiehce abhorma1 en-route delay to the emergency, it moves
to decision point D2(P6.0). The event thenvproceeds throﬁgh
this decision point unless medica]kunit mechanical failure is
experienced. Such fai]ure in this demonstration model piaceé
the medical unit out of -service for the remainder of the simulation
run. If’mechanica] failure is.not'experiehced, the event moves
to subbroceés P6.3 (Medical Unit Travel Time). This subprocess
delays fhé‘medica]ﬁdnit by the 1ength‘of time it would normally

require to drive from the point bf dispatch to the émergency ‘
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scene. A nonuniform distribution has been‘assigned to this
subprocess which random]y‘sé1ect5‘a different delay for each o
medical unit response, thereby simu1ating'dﬁfferent distances
to the emergency scene.

In decision -point D3(P6.0), if traffic and/or crowds at
the emergency scene are‘under control, the medical unit moves
to subprocess P6.5 (Medical Unit Initial Scene Evaluation).
This subprocess includes positioning the mgdical unit, surveying
the scene, and determining if additional assistance is required.

In decision point D1(P6.0), if en-route delay is expe;ienced
beyond the normal travel delay of subprocess P6.3, the event
moves to subprocess P6.2 (Abnormal Travel Delay). This sub-
process accounts for traffic congestion, inclement weather,

incorrect address, and so on.

4.3.8. Decision Point D2: Additional Service/Equipment Required?

{

Events moving into thisyb]ock, proceed sequentia]]y if
additional service and/or equipment are not reqdired or if
medical unit personnel can perform their functions,Without the
outside assistance. Emergency.scene services such’as c1ean¥up
crews, utility company personnel, wrecker crews, and so on,
which may be required but do not’de1ay the medical unit process,
are not included in deriving the statistical transfer percentage
for this decision point.

If outside assistante is required, the event is transferred

to P7.0 -Service Unit process.
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‘;4°3-9‘ Process P7;0; Service Unit Dispatch and Transit Process

Within this demonstration model, this process 1is only
activated when the requested services and/or equipment (i.e.,
law enforcement, fire, search and rescue, . . .) are required
 before” the medica] uﬁit personnel can proceed with patient
cére and transfer to a medical facility.

The various subprocesses included. in P7.0 will not be
individually discussed because of their similarity to previously
treated blocks in-other pfocesses. In this model it is assumed
that the various service units are dispatched via land/mobile

radic (LMR).

4.3.10. Decision Point D3: Advanced Life Support Available?

EMS areas with no advanced 1ife support would program this
decision point so that no events would be transferred to PS.0 -
Advanced Life Support. Those EMS service areas-with both basic
andladvanced 1ife support would set the ﬁranSfer percentage
to Pé.O - Advanced Life Support, based on a review of dispatch,

ambulance and hospital records.

4{3.11.,Process P8.0: Basic Life Support (BLS) Process

The BLS proceSs will not be analyzed because it is nearly
1dehtica1'to process P9.0 - Advanced Life Support, which will

~be treated in the next subsection.
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4.3.12. Process P9.0: Advanced Life Support (ALS) Process

In the simu1ation of ALS, one of the‘critical delay factors
wﬁich can be mitigated in this process is the transit delay to
the medical facility. If ALS procedures can stabilize the
patient's coqdition at the emergency scene or enroute to a
medical facility, the effects of the transit delay can be
reduced.’

Two key factors which enable physicians to extend their
expertise te field emergency medical personnel are standardized
tra%ning and LMR communications. There has been some debate
over the effectiveness of using installed LMR medica1 systems;
however, the actual use may be less important than the fact
that it is avajliable if the physician or medical unit personnel
need it. Also the availability of LMR communications appeases
some of'the,1ega1 questions concerning delegation of physician
responsibilities to trained technicians.

Events entering process P9.0 proceed to subprocess P9.1
(Patient Triage). This subprocess involves assessing the
condition of the patient and determining the course of action
to be taken. The latitude that the medical unit personnel have
in this proceés must be evaluated on the basis of local protoco]s,4
state laws, and federal guidelines. If the decision is-made to
transport the patient, and medical direction and control has
been established, the event proceeds through decisfdn points
D1(P9.0) and D2(P9.0) to subprocess P9.3 (Start Advanced Life

Support). At this point, medical unit personnel commence those
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advanced life support procedures authorized by standing orders
or protocols. Subprocesses P9.4 (Advise Medical Control of

Patient Condition) and P9.5 (Medical Control Direction) involves
direct communications with the medical control facility via
LMR. The LMR medical channels in this simulation model are

dynamical1y assigned to the medical unit and medical control

facility by the dispatcher. Because of the highly critical

nature of the conversations and/or telemetry over the medical
control channe]s, a high-grade voice 1ink is required.

In subprocess P9.6 (Transfer Patient to Medica]kUnit), the
patient is moved to the medical unit in preparation for transport
to a medical facility. The order and details of subprocesses
P9.3 through P9.6 will vary from patient to patient and also
between EMS area protocols. In some cases the patient may be
transferred to the medical unit immediately and then advanced
1ife support may be initiated. In other cases the patient may
be stabilized before being transferred to the medical unit. As
noted previously, the EMS Managers and planners are encouraged
to modify the mode1 so that it moré closely replicates their
local EMS system.

After the patient is transferred to the medical unit, the
event -proceeds. to subprocess P9.7 (Medical Unit Clear the
Scene). This subprocess accounts for the delay in clearing the
‘.traffic,énd/or crowds at the émergency scene and. the delay

entering the flow of street traffic. If abnormal transit
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delays are not encountered, the event proceeds through decision
point D2(P9.0) to subprocess P9.9 (Medical Unit Travel Time).
As noted in P6.0 - Medical Unit Transit Process, medical unit
~ travel time is the normal delay encountered in driving from the
emergency scene to the medical facility. If the medical unit
does not experience mechsgnical failure and the medical facility
is alerted to the medical unit arrival, the-event moves through
decision points b4(P9.0) and D5(P9.0) to subprocess P9.11 (Off-
load Patient From Medical Unit). This subprocess involves
removing the patient from the medical unit'and onto the medical
facility transport device. In subprocess P9.12 (Medical
Facility Delay), the medical facility personnel mgve the patient |
into the emergency room.

In decision point DI(P3.0), if the medical unit personnel
and/or involved citizens determine that transport is not neces-
sary, the event moves to subprocess P9.2 (Units Clear the
Scene). In decision point D2(P9.0), if medical control is not
available through LMR communications or standing orders the ALS
process becomes a basic life support process for that particular
medical unit évent. This transfer may occur if the LMR communi -
cations system fails because of hardware and/or interference
pfob]ems and advanced 1life support cannot proceed without the
medical communications channel.

In decision point D5(P9.0), if the receiving medical
facility has not been advised that a medical unit is in transit
to that faci1ity; ’the event  proceeds to subprocess P9.10

(Medical Facility Preparation Delay). This delay is generally
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noé:a problem when the medical facility providing the medical
direction and control is also the receiving facility; howeQer,
if the medical unit is proceeding to another medical facility
and they are not advised, soﬁe delay may occur.

The techniques involved in collecting data for the sub-
pfocesses in P9.0, requires a thorough unQerstanding of the
local EMS system and direct observation oY the subprocesses.
If tape recorders monitor the LMR medical control channels,
traffic and interference data can be captured from that source,

otherwise, real-time transmission must be monitored.
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5. ANALYSIS OF THE EMS TELECOMMUNICATION SIMULATION

This chapter will review how the model was verified and validated.
During this review, certain data coi1ection and analysis probiems will
be discusged. Selected simulation run output data have been summarized
in tables for certain variables which relate to telecommunications
planning. Other data re1;ted to transportation were not included

because these were beyond the scope of this study.

5.1 Model Verification

The verification stage of simulation model development is concerned
with determining whether or not the model is properly programmed.
Verification of the model's programmed structure requires manipulation
of its random seeds and subroutines so that known input-output relation-
ships can be examined~and verified. The verification stage is not
composed of comparisons of the model's responses with known measure-
ments, or recordings of the modeled system, as this is deffned as
validation (Mihram, 1972). Verification is concerned with the internal
consistency and logic of the programmed model. It is directed toward .
establishing ‘whether or not the logical structure of the model is
compatible with the user's intentions.

The model was 1nitia1iy programmed into the nine processes
(P1.0-P9.0) discussed in the previous two chapters. Each‘process was
then tested using elementary, deterministic values to verify that the
logic of the system was operating as designed. Model input and

output were evaluated to insure that the decision points and
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vsubprocess'delay blocks were functioning as programmed. Once
deterministic verification had been accomp]iéhed by suppressing ail
randomness fn the stochastic model, other verification tests were
conducted by partially Suppressing stochasticity. This same process
was repeated as the vafious nine processes were joined together into
an EMS systeﬁs model. |

The next step in verification was the introduqtion of se1ectéd
probability distributions and random number seeds. Different random-
number generators were employed to improyve the independence of the
random seeds. Simulation runs were then conducted to determine if
the resulting random variables exhibited the designed distribution
properties. A series of 30, separate simulations were run and then
analyzed. The numerical values that were programmed into the decision
points and subprocess delay blocks for these runs are set forth 1n’
~ Appendices A and B. The random-number generator values for each of
~ the 30 simulation runs are set forth-in Table 5-1. The simulation
ruhgrwere executed in three groups of ten. The resulting EMS system
respOnse-time curves are plotted in Figure 5-1. As noted in Figure 5-1,
the three sets of simulation runs using the random seeds in Table 5-1
ére very;simifar. Table 5-2 shows the average 24-hour arrival rate
and mean seﬁ%ice rate (u) for each of the 30‘runs: In additfbn,vthe
Mean‘(i), végiance (52) and standard deviation (s) have been calculated
for the 30 sihu]iffﬁ%bruns. These runs were not initially analyzed
for the’effecté of in?iia] bias because the verification stage‘Was

priméri]y concerned with internal model consistency. Initial bias
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Table 5-1. Random Number Assignment for Simulation Runs

Simulation Random Number Generator Seed
Run Number RN1 .__RN2 RN3 RN4
1 511 39 7 , 663
2 741 211 483 659
3 111 157 539 211
4 26 572 265 49
5 - 417 111 197 363
6 273 921 © 274 622
7 967 712 571 923
8 433 412 379 - 628
9 695 219 773 61
10 344 37 871 29
11 287 51 123 35.
12 873 110 273 91
13 151 618 183 274
14 228 734 592 36
15 57 317 74 127
16 483 213 916 : 376
17 68 447 327 21
18 764 87 391 57
19 356 998 27 692
20 22 260 563 38
zl 538 45 387 933
22 175 - 439 413 117
23 845 257 628 291
24 569 347 168 416
25 916 471 583 182
" 26 651 493 719 581
27 185 659 359 476
28 362 491 753 188
29 683 248 - 157 549
30 412 539 825 462
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Figure 5-1. EMS system response time distribution.




~ Table 5-2. EMS System Response Time Traffic Data

Simulation Arrival Rate Mean
Run For 24 Hour Service Rate (Mot Used)
Simulation (seconds)

(1)

1 274 2239

2 254 2213

3 247 2668

4 258 2292

5 282 2132

6 242 2223

7 262 2239

8 296 - 2148

9 294 2304

10 280 ) 2119

11 294 2169
12 288 2341

13 249 2204

14 253 2075

15 245 2255

16 266 2407

17 279 ‘ 2183

18 264 B 2281

19 270 e 2290

20 274 - 2138

21 251 : 2574

22 222 ' 2270

23 290 2129

24 262 : 2232

25 258 2229

26 284 . 2161

27 257 2253

28 284 : 2303

29 © 253 2110

30 262 2303

Total Events © 7994 -

Mean (R) 267 2250
Variance (s?2) 317 15,634
STD. DEV. (s) 18.1 o 127.2
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effects on simulation model design considerations are discussed later
in this subsection.

From the data in Table 5-2, a confidence interval was calculated

using equation (5.1). For this study, a .99 confidence interval was

assumed.
.99 C.I. =x ts; , (5.1)
where,
X =  Sample mean
t =  The number of standard errors of the mean
(si)‘which must be added and subtracted from
X
- = st == 3
sX andard error of the mean sX 5

Using the values of Table 5-2 and equation (5.1), the following

confidence 1imit was derived:

.99 C.T = 37.5 minutes + (2.76)(.39)

37.5 + 1.1 minutes.
This confidence interval serves only as an approximation because the
curve represented in Figure 5-1 departé from a normal distribution.
It’should aiso befnoied that Figure 5-1 and Table 5-2 represent those
‘.EMS events which moved through the entire EMS system. Other events
wére'transferred from the model and terminated by various subroutines
as discussed in Section 4.

The hextvverification element checked was the model's sensitivity

‘T tQ changes in the following variables:
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o . Subprocess delay variables
0 Decision point variables
0 Server variables (i.e., number of telephone

circuits, dispatchers, . . .)

The nelay and‘decision'point variables were verified during model
programming. _One area which might. be perceived as an inconsistency
is the dramatic difference in the assignment of subprocess delay
veiues.' For example, ‘'one subprocess block may be assigned
7 seconds and another 360 seconds. It couid.be ergued that the
7-secend block has no real significance in simulation outcome. The
fectoring of the ‘processes into subprocesses and.the‘assignment of
numerical values has many benefits, some quantitative, some analytical
_and others economic. One of the purposes of this model is to encouvage
EMS managers and pianners'to weigh these differences and focus on
those subprocesses which are 1oca11y defined as priorities from an
- EMS systems perspective; therefore, these delay differences are
cnnsidered an important aspect of the‘mndeling process.
The sensitivity of the model with respect to changes in the
number of servers is treated in the'next subsection of this chapter.
The last verification category checked was initial bias. The

problem of initiai bias in simu]ation modeling results from starting a
simulation run with the system in an idie_state. Severai techniques
are avaiiabie whicn canbreduce the effects of initial bias. One
technique is to use a longer simulation run which has the effect of

reducing initial bias by averaging that effect over a larger sample
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'period. Anqther technique is to start the simulation run with some

prespecified load which closely rép1icates the actual system for the

time period under analysis.

For_this'study, simulation runs.1 through 30 were executed

assuming an idle system (see Figure 5-1). For the.purhose of this

verification step, it was not necessary to consider initial bias.

These runs simulated a 24-hour period with a mean ?nterarrivq] event

~time of 180 seconds (3 minutes), exponentially distributed. This

simulation period was designed to be divided by 24 to select a mean

value for the peak hour. It was hypdthesized that by averaging the

. -peak over a 24-hour pefiod the initial bjas and other spurious

effects would be averaged out. In addition, this longer sample

period allowed for a larger number of emergency events to be introduced

. into the model, assuring a more representiwve distribution in the

transfer and subprocess de1ay blocKs.
To determine if thé 24-hour sampie did reduce the effects of
initial b%és, an additional set of ten simulations (31 through 40)

was executed with full i@ad start-up. In addition, the random-

number seceds of simulation runs 11 through 20 were used so that a

compariéon could be made between these two sets. The data plots from
these runs are shown in Figure 5-2. Simulation runs 11 through 20

are é]so plotted to provide a comparison. The means for simulation

runs 1 through 30, 11‘through 20, and 31 through 40 are also included

to show the close relationship which exists between these three sets

of data. From the data, Tittle effect of initial bias is noted.
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5.2. Validation of the Model

Model va]idationﬁis concerned with compafing the model's response
with that of the medeled system. This assumes that the conditions
prociucing both responses érevessentia11y the same. Both the indepen-
dently seeded stochastic.simulation model and the mode]éd system
produce random‘variables necessitating the use of statistical proced-
ures for comparing responses (Mihram, 1972). This study will employ
ana1ytiéa1 equations to test the validity of the simulation model
equations which are known to represent certaih empirical phenomena.

What is proposed, is validation of the model by:comparing the queue

and storage simu]ation'data with traffic approximations obtained from

theory.

Thernly readily available analytical resuits in the multi-.
server cases are for Poisson afriva]s and exponential sefvice times
- (Anderson, ]973). The most 1ikely candidate fof the emergency medical
environment seems to be the Erlang C equation which applies under the

following assumptions:
) Exponential Holding Time
0 Lost calls delayed
0 Calls served in order of arrival.

The primary parémeters'of interest in this analysis are as follows:

A = mean arrival rate per unit time

(i.e., per hour)
M = mean service rate (i.e. 50 seconds
per event) :
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P(>0)=  probability of delay greater than
' zero IR

The assumptions of Er]ﬁng C and its potential in solving for the
bercentage of calls delayed, makes it an important analytical tob]
for validating EMS systems models. The Erlang C equation and its
various derivations are not included in this study since it has
received close attention in numerous.queueing and traffic theory
texts. In order better to serve the EMS mangger and planner, traffic
1oading graphs have béen included as Figures 5-3 and 5-4. Figure
5-3 is for traffic loads in Erlangs from O to'1 and Figure 5-4 is
for Erlang loads from 1 to 8. These figures serve as useful approxi-
mations for Erlang C traffic calculations. For other equations and-
Targer load factors, a short traffic handbook Qritten by T. Frankel
(1976) provides a good reference manual for server system design and

analysis.

5.2.1. Emergency Telephone Circuit Analysis

In anq1yzing the emergency telephone circuit requirements the
three parameters noted above allow an analytical approx%matibn'of the
probability of delay. Table 5-3 was developed from the data collected
by the GPSS statistical subroutines. The four columns in Table 5-3

will be briefly discussed here.
4 Column 1 - This colump indicates the simulation

run number wusing the random number

seaeds as listed in Table 5-1 and the
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Table 5-3. Telephone Circuit Traffic Data

Mean Arrival

- 16

1 2 3 4
Simulation Arrival Rate Mean .Delay>0
Run For 24 Hour Service Rate For 24 Hour
Simulation (seconds) Simulation
(n) P(>0)
1 448 54 1
2 392 74 11
3 417 101 17
4 426 54 0
5 437 54 2
6 405 55 2
7 416 52 0
8 461 52 -3
9 439 54 3
10 474 52 1
11 458 54 0
12 468 54 6
13 410 53 0
14 419 55 5
15 394 53 0
16 421 75 . 8
17 423 53 1
18 420 54 3
19 433 54 1
20 424 52 - 0
21 398 - 124 28
22 375 - 55 0
23 452 52 1
24. 414 53 1
25 424 54 2
26 468 54 0
27 415 55 1
28 442 53 1
29 418 55 1
_ 30 409 55 2
Total Events 12,800 - 99
k Mean (X) 427 59
| Variance (s2) 567 241
STD. DEV. (s) 24

| Rate (M) Per Hour _17.79

Note: Three servers (telephone circuits)
were used in these simulation runs.
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computer prodram values set forth in

- Appendices A and B.

Column 2 This column shows the numbef of events
which were served and/dr hé]q in quéue
during a particular simulation run.
For example, in run number 1, a total'
of 448 events were served and/or held
in queue,

Column 3 ~ This column reflects the mean length of
time in seconds that the number of
events in column 1 were held in service.
This mean Tength includes ringing,

- exchange of infofmation-and termination
delays. In run number 1, the mean
service rate was 54 seconds.

Column 4 This column reflects the number of
calls in a 24-hour period that encount-
ered.a delay éreater than zero. In run
number 1, one call was delayed longer
than zero seconds during the 24-hour

simulation.

In practice, the probability of waiting for a time period greater
than zero is more frequently used than zero. This factor is referred
to,as the‘probabi1ity of delay beyond some specified time and is

“denoted by P(>t). This P(>t) can be easily computed for various
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| Vaihes;of "t”l{f"P(>0)-j$ khoWn. MIn’thisjstudy 6h1y the P(>0) Wi11 :
"1‘ge;usep yith4thevunderStanding'thét the;user may define locally |
J.'eccepiabTe:servfcevde1ay timesr
‘fAt'the'bottqm of the”columns in Table 5-3, statistics have beep
ichuded that;will,be used 1ater in this*subsectfon for analytical
' ca]cu]atfons;- As noted; fhe analytical equation which will be used

 to analyze the.emergency telephone circuit requirements is Erlang C.

‘ pA This equation¥was-considered most appropriate, because in Section 4

itvwas‘eSSumed,thaf an intercept recording prevented emergency callers
from receiving:a busy signal. This technique provides for delaying

: rather;than~blocking emergency calls. ~If‘a_P.SAP does. not use this
"infercept‘tethnique; then the Erlang B equétion and its attendant
kassumptions woqu‘probably be more appropriate. Figure 5-3 inc]udesj
' kboth’Erlang.B;and c delay probability curves.

| - From the_data in Table 5-3, the emergency telephone traffic load
fs computed using ihe following (5.2) equation;

Erlang (A) = =

3600 (5.2)
X" = mean arrival rate per hour
g ﬁfpl'mean service rate in seconds.

eTaking the meen arrival rate per hour (A) and the meah service rate
kp) frqm(Tab]e:S-B, an-Er]ahQ (A) traffic load of .292 is ca]culeted
F%Using equatigpj(S.Z). Using the graph in Figure 5-2, for-three

.,SerVers;:au.37%,ena]yiica]'solupion for P(SO) is calculated.

gy
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The next stap involves deterﬁiningaP(>0) dire;t]y froﬁ thé'. 7
simulation model. In Table 5-3,‘the.tote1 number of events from the -
30 simulation runs (12,800) is divided ieto the total ﬁumber of
events where the probability of delay was greater than zero (99).

The resulting P(>0) is calculated to be .77%. This represents a net.
difference of on1y1.4%, an acceptable approximation...These results

are summarized in‘Tab}e 5-4. As a practita] matter, telephone circuit
reqUirements for emergehcy systems are often overdesigned.by

choice or by telephone company po]jcy (i.e., minimum of two 9-1-1 trunks
are usually required from each exchange). While the user may choose |
to overdesign for operational and/or reliability reasons, the same

data and analysis should be used to reach that cho1ce

5.2.2. 'Emergency Operator and Dispatcher Staffing Analysis '

Estimating the appropr1ate staffing Tevels for PSAP's and dis-
patching centers is an important operational -and economic task Of
central importance in determining the appropriate number of servers:
(call answers or dispatchers) is the’total processing time'required“
to service one call. The call processing time inc]udes the'time
required to transfer emergency informatidn from the caller, in additien'
to time required for record keep1ng and other coord1nat1on related to
the emergency event. Estimating call process1ng t1me 1s more 1nvolved
than telephone c1rcu1t ana]ys1s because the start and stop points of
«the various subprocess act1v1t1es are less clearly def1ned

0perat1ona1 policies (i.e., local, state, and federal) a]so
influence etaffing levels by setting or recommending probability of -

delay standards for.system perfqrhance. Behaviore] aspects also
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Table 5-4. Simulation and Analytical Comparisons for Server Subsystems.

96

SERVEI'Q SUBSYSTEM SIMULATION ANALYTICAL % DIFFERENCE DATEA

' P(>0) ** P(>Q) ** '
_Emergency. Telephone Circuits . 0077 . .0037 .4 ‘ Table
Emergency Operators' .012 . .0082 .39 Table
‘Dispatchers | - .035 | .021 o 1.42 Table
Radio Dispatch Channels . ;0387 .028 1.07 ' Table
Radio Medical Channels . 041 .0495 »85 ‘ Table

Medical Units )
1) Uncorrected .066 .0306 3.54 Table .
2) Corrected* : .066  .0626 .34

* (See subsection 5.2.4 for analysis)

** (Proportion)




complicate the server ana]ysis because it has been observed in queuejng
studies that the operational rate of an individual server increases
to some higher Tevel as system load increases. Tﬁis is why some
tension is often maintained in server systems by the avoidance of
. excessive overétaffing. Another important consideration is cqntro]]ing
the mean service rate (p)_of emergency‘ca11s.so as to minimize the ‘
Variatioﬁ in ahswering tihe. This variation is often controlled
.through operational procedures, operator training, and citizen
education.

‘In the analysis of data from emergency operators and dispatchers,
the Erlang C equation and attendant assdmptions were utilized as in
- ~the previous subsection. The queueing discipline for Erlang C
assumes that calls are served in the order of arrival. Tﬁis is an
oversimplification for most emergency systems because some prforfties
éxist when resources are finite. The degreé to which the queueing
- discipline departs from first-in first-out (FIFQ) shou]ﬁ be evaluated
by the EMS system planners to determine if it compromises the use of
Er]ang C in fheir particular systems. This study assumes a FIFO
‘ queueing.discip]ine.

The emergency operator traffic is set forth in Table 5-5. This
‘is the'same column and data format used in the previous subsection.
Comparing the analytical and simulation computations as in sub-
section 5.2.1., the P(>0) fs as shown in Table 5-4. The.net-diffefence
_betﬁeen the analytical and simu]étion techniques is .39%. ‘This.
difference seems to ihdicate that tﬁe simu1atfon model closely approxi-
mates thé analytical calculations. The reader is encouraged‘to

review the assumptions and perform the data manipulations using
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. Table 5-5Q Emergency Call Operator Traffic Data

Mean Arrival

“ | Simulation . Arrival Rate ‘Mean Delay>0
" ‘Run For 24 Hour Service Rate For 24 Hour
Simulation (seconds) Simulation
(u)
1 436 73 1
2 382 111 8
B 403 166 28
4 423 72 2
5 428 71 1
6 399 72 0
7 407 71 2
8 446 71 5
9 428 71 5
‘10 464 73 2
11 447 75 3
12 458 73 - 8
13, 1402 72 2
14 407 =70 5
15 389 70 1
16 408 134 31
17 - 415 68 1
18 - 412 73 5
19 427 81 . 2
20 418 75 2
21 388 l61 - 44
22 366 73 0
23 441 70 4
24 409 69 2
25 - 419 74 -1
26 456 72 3
27 412 70 1
- 28 436 74 2
- 29 409 72 4
30 400 79 5
Total Events -12,535 - 152
Mean (X) 418 82
Variance (s2) 525 648
STD. DEV. (s) 23 26

Rate (\) Per Hour 17,42

Note: Three servers (call operators)
were used in these simulation runs.
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“equation (5.2) to verify the data presented in‘Tab1e 5f4l The same
proceddre was followed for dispatcher analysis, with the data set
forth in Table 5-6 and the summary in Table 5-4.

‘An additional test wds performed for the emergency Operator to
dgterminé the sensitivity of the ﬁode] to chanées in‘gerver Tevels.
The emergency operator server level was‘fun With'z, 3, and 4 servers
with all other model variables heid'constant.. The same random seeds
for each simulation run were used as set forth in Table 5-1. The data
collected for the sehsitivity analysis are included in Table 5-7

and. are summarized below:*

Number of P(>0)

Servers
Simulation _ Analytical % Difference
2 0880 0850 .30
3 - .0143 . 0065 .78
4 .0043 .0020 ~ .23

The senéitivity‘of the model as indicated in the above summary prﬂvidés

a ciear choicé of alternatives. This should not imply that additional

- factors are not involved in server staffing decisions, rather the

desired grade of service can be s&¢lected by examining the tfaffic load.

Thus‘far in the study only P(>0) has been'conSidered. Operationally,

this P(>0) would probably be revised to reflect some probability of

delay greater than time, t, expressed as P(>t).

. 5.2.3. Radio Dispatch and Emergency Medical Channel Analysis

The use of radio disbétch channels to’a1er€ and direct medical

and other resources to the emergency scene was employed at a number of

99
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Table 5-6.Dispatcher Traffic Data

Simulation o rrival Rate Mean Delay>0
Run . For 24 Hour  Service Rate For 24 Hour
Simulation (seconds) - Simulation
()
1 389 107 2
2 339 187 23
3 354 : : 281 - 60
4 357 137 8
5 375 121 4
6 335 ‘ 109 3
7 369 122 4
8 393 111 6
9 394 ' 109 11
10 379 - 112 4
11 399 . - 154. 22
12 401 ‘ 111 9
13 344 « 113 6
14 340 109 8
15 337 ‘ 112 6
16 360 - 230 62
i7. 360 112 1
18 341 109 )
19 376 , 144 13
20 391 , - 114 6
21 335 244 55
22 309 109 2.
23 388 108 11
24 357 , ©109 3
25 352 124 8
26 382 - .- 108 - 4
27 353 - 111 3
28 390 : 117 8
29 347 114 8
30 360 , 135. 18
Total Events 10,906 : - 384
Mean (x) - 364 133
Variance (s2) 538 1900
STD. DEV. (s) 23.6 44.3

Mean Arrival

1 Rate (A)»Per Hour 15.17 . : =

" Note: ' Three servers (dispatchers) were
used in these simulation runs.
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Table 5-7. Model Sensitivity to Emergency Operator Changes

0L

Simulation ‘ Arrival Rate Mean Service Rate Delay>0
Run For 24 Hour Simulation (seconds) ~For 24 Hour Simulation
S=2 S5=3 S=4 S=2 s=(§) S=4 S=2 Is)=(g) — 5=4
11 415 447 418 71 75 71 17 3 0
12 | 400 458 378 72 72 204 17 8 5
13 416 402 419 74 72 75 28 2 0
14 403 407 388 71 70 151 26 5 2
15 443 389 438 73 70 73 29 1 0
16 364 408 448 171 134 129 53 31 | 4
17  ‘380 415 425 164 68 71 39 1 0
18 422 412 376 73 73 72 26 5 0
19 445 427 389 131 81 221 101 2 5
20 428 418 W 428 74 75 74 27 2 2
Total Event 4116 4183 4107 - - - 363 60 18
Mean (X) 412 418 411 97 79  114.1
Variance (s2) 598 388 602 1531 343 3141
STD. DEV. (s)  25.8 20.8 25.9 41.2 19.5 59

Mean Arrival
Rate  (A) Per :
Hour 17.17 17.42 17.13 - - -




”“different operationai points w1th1n the 51mu1ation mode]. These'
_1nc1uded the actuai medicai unit dispatch, medicai unit call- -back for
vaSSistance ‘service unit notification and selected 1nteragency

'itoordimation The radio dispatch message:- iengths and time intervais.”
'between messages were assumed to have an exponentiai distribution
: because of the emergency event generation techniques programmed in

Process P].O, This assumption also appears to be valid based on

empirical data collected in APCO Project III, Phase 2, conducted by

‘the ITT Research Institute (1969). |

The radio-dispatch data collected during the simulation runs are

'fset forth in Table 5-8 and summarized in Table 5-4. Two dispatch

ohanneis were used in the simulation. As noted inVSection 4, the

- model employed several subroutines to simulate radio channel congestion,

interference and fading.‘ The net difference between the analytical

’and simuiation technique was 1.07%; this was considered an acceptable

approximation. The P(>0) was .0387 for the simulation model and .028

: for the ‘analytical technique calculated for two dispatch channels.

If this grade of service is judged to be unacceptable by local users,

then'ohekor more of threekprimary'parameters would have to be changed

i~'(i.e., My A,tand/or‘the number of servers). Dispatch channel discipiine '
,poiiCies can also play an important role in reduoing mean service

'apfate (u) amd mean arrival rate (A). |
~ There are a number of different operational strategies and

theoriesmfor assigning and using medical cohtroi channels. In this

~mode1; the medicai-contro] channels are dynamically assigned by the
~dispatcher and not released until the medical unit comp]etes serving

the emergenCy event.  The medical channel is assigned as the medical

"“"]02 2



" Table 5-8. Radio Dispatch Channel Traffic Data

Simulation Arrival Rate Mean Delay>0
Run For 24 Hour Service Rate For 24 Hour
' Simulation (seconds) "~ Simulation
(u) ‘
1 333 48 4
2 305 115 24
3 306 197 50
4 318 75 15
5 327 60 5
6 305 47 3
7 324 : 62 6
8 338 50 1
9 355 48 9
10 289 53 7
11 354 90 30
12 356 49 6
13 291 ; 49 7
14 308 . , 46 2
15 303 52 6
16 330 ‘ 146 54
17 316 50 4
18 291 46 11
19 329 80 15
20 365 51 10
21 301 159 36
22 281 48 8
23 345 46 4
24 311 48 3
25 308 62 11
26 329 47 3
27 307 49 2
28 © 340 55 11
29 308 51 4
30 325 ~ 70 20
Total Events 9598 68.3 371
{ Mean (x) 320 !
Variance (s2) 458 %36é
STD. DEV. (s) 21.8 :
Mean Arrival
Rate (A) Per

Hour - 13.33 : -

Note: Two servers (dispatch channels)
‘were used in these simulation runs.
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'o“Vun1t is: enroute to the emergency scene S0 that coord1nat1on can be

b

'(Me]n1ck 1974)

: ”;‘fneffected W1th ‘the med1ca1 contro] fac111ty Whether th1s early

med1ca1 channe] ass1gnment JUSt1f1e: the 1onger mean service rate (p)

;timust be. determ1ned by 1oca1 EMS area po]1cy and traffwc analysis.

iThere are d1ffer1ng op1n1ons among phys1c1ans concerning the long
‘ ,trange ro]e,of,LMR 1n_the delivery of EMS services. Some phys1c1ans
haVeiSaid thet‘future'communications reqUirementslwi11 be significantly
"lower than they are today, partly because legal requ1rements that
' 1nf1uence current LMR use w11] eventua]]y be mod1f1ed Other phys1c1ans
*V_have said that commun?cat1nns w111 play a 1arger ro]e in paramedic

;rbperat1ons 1n the future because of -improved tra1n1ng and technology -

E1ght medical control channe]s were used in the simulation runs.

The traff1c,data'for these runs are set forth in Table 5-9. The mean

5mediCa1 channe] service nate (1) was approximately 16 minutes. Al-
;thdugh the values used in this model do not represent any specific

i EMS'System,‘thfs nean:service rate is quite similar to data calculated
by M.‘Melnick (]974) in ahStUdy for Los Angeles County. All EMS

o nanegefs and‘p]anners are,enconraged to heview this Los Angeles

‘,’6OUnty study'for EMS telecommunications technical considerations.

A sensitivity analysis was conducted on the radio medical channels

'  for,8;‘9; and IOVServefs (channels). The'databfor these simulation

tuns are set forth in Table 5-10 and SUmmarized‘be1ow:
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Table 5-9, Radio Medical Channel Traffic Data

Simulation Arrival Rate Mean Delay>0
Run For 24 Hour  Service Rate For 24 Hour
Simulation (seconds) Simulation
(34) ,
1 359 . 995 29
2 319 : 980 16"
3 328 » 988 ' 8
4 342 : 9717 9
5 357 ‘ 961 3
6 319 996 : 1
7 350 , 971 6
8 376 913 16
9 378 : 976 , 26
10 364 940 - 12
11 375 950 21
12 388 997 32
13 330 956 5
14 331 ' 863 5
15 319 1002 21
16 342 929 8
17 347 946 ; 16
18 329 1003 11
19 360 961 10
- 20 366 959 , 16
21 319 999 17
22 290 L 1035 . 7
23 369 938 ‘29
24 337 965 15
25 340 , 976 4
26 . 361 921 7
27 336 969 , 9
28 368 - 985 : 47
29 334 . 909 11
30 343 956 : 8
| Total Events = 10,376 ' - 425
Mean (x) o 346 ' 964 ' :
Variance (s2) 485 - 1165
STD. DEV. (s) = 22.4 34.7
Mean Arrival :
Rate (M) Per - ‘ ‘
Hour : 14,42 , -

Note: Eight servers (channels) were ,T
used in these simulation runs.
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Table 5-10. Model Sensitivity to Radio Medical Channel Changes

: . Arrival Rate Mean Service Rate Delay>0
Simulation i : : .
-~ Run For 24 Hour Simulation (Seiﬁ?ds) For 24 Ho%¥0§1mulatlon

S=8 S=9 S=10 S=8 S=9 S=10 S=8 S=9 §=10

11 375 362 368 950 948 963 21 13 2
12 388 378 332 997 1013 1011 32 2 3
13 330 339 376 956 966 971 5 16 4
14 331 331 344 863 906 864 5 3 1
15 319 330 196 1002 973 1337 21 3 0
16 342 324 348 929 912 937 8 3 0
17 347 363 334 946 956 936 16 1 0
18 329 358 363 1003 970 1028 11 1 0
19 360 213 342 961 1087 982 10 5 1
20 366 357 340 959 973 968 16 5 1

Total Events 3487 3355 3343 - - - 145 52 12

Mean (X) 349 336 334 957 970 1000

Variance (s2) 464 1943 2320 1555 2371 14459

STD. DEV. (s). 22.7 46.5  50.8 41.6 51,3 126.8

Mean Arrival ; .

Rate (A) Per , - .

| Hour 14.54 14.0 13.92 -




§

Number of ", P(>0)

Servers : i

- Simulation Analytical % Difference
8 .0416 .0499 » .83
9 .0155 .0170 ' .15
10 .0036 .0070 .34

As noted with the caT] operator sensitivity analysis, the P(>0)
would probably be revised to some P(>t) to allow for some Tocally
accepiab!e delay expressed in terms of "t". The model sensitivity
noted above provides clearly defined 1eve1fof-serv1ce‘a1ternatives
for the decision maker. These alternatives, however, must be con-
sidered within the framework of the various simulation model assump-

tions and the assigned numerical delay values.

5.2.4. Medical Unit Traffic Analysis

The primary medical unit delay components were directly related
to transit time. The role of ALS to help mitigate these transit
“delay components was discussed in preVious chapters. Datakwere collected
during the simulation runs to permit calculation of the ALS reduction
in delay. This simulated reduction is shown in Figure 5-5 as compared
to a BLS system. ' In capturing these data, it was assumed thét BLS
medical units had to reach a medical facility for ALS to commence.
The ALS medical units were assumed to commence advanced procedures
after patient triage at the medical emergéﬁcy scene.  The advénced
procedures were authorizéd by protocols and LMR communications.

The medical unit traffic déta are set forth in Table 5-11 and
summarized in Table 5-4. 1In comparing the simu1atidn and‘ana]ytfca1
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Table 5-11. Medical Unit Traffic Data

Simulation Arrival Rate Mean Delay>0

Run For 24 Hour Service Rate For 24 Hour
Simulation (seconds), Simulation
: Ty o ;
1 359 1196 0
2 319 : 2025 49
3 328 2394 ' 94
4 342 2262 47
5 357 , 2117 ' : 31
6 319 1334 : 0
7 350 1706 31
8 376 1634 ; 6
9 ; 378 1605 2
10 364 is19 16
11 - 376 2025 52
12 388 1707 14
13 330 1843 5
14 331 1199 0
15 319 1706 8
16 342 2234 75
17 347 1515 10
18 _ 329 1461 , 0
19 360 2100 ) 56
20 367 1854 14
21 ’ 319 2560 77
22 290 1885 1
23 ‘ 369 1219 0
24 337 ; 1407 1
25 340 1937 ‘ 33
26 , 361 1208 0
27 336 1646 2
28 368 1467 16
29 : 334 1512 10
30 343 1846 , : 34
Total Events 10,378 - 684
Mean (x) : 346 1747
Variance (52) 488 128,852
STD. DEV. (s) 23 365

Mean Arrival
Rate (A) Per

ot 14.42 -

Note: Thirteen servers (medical units)
were used in these simulation runs. ..
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gomputations of P(>0), a 3.54%knet difference was noted.~ This

: différente‘was‘$Ubstantia11y out of Tine with the other traffic
~comparisons. A subprocess aha1ysis'revea1ed that three subroutines

“designed to simulate medical unit mechanical failure accounted for

the high net difference value. As the model was programmed, if a

; medical unit was transferred to the meéhanica] failure subroutine it

was lost for the remainder of the simulation run. This effectively

reduced the number of medical unit servers from 13 to appkoximate]y

11.8. Using this corrected server factor, the analytical process was

- repeated and the results were compatible with previous values. These

revised values are shown in Table 5-4. The use of both the analytical
and simulation techniques provides a very useful self check in traffic
ana]yéisl |

A number of ‘research articles in the reviewed literature addressed
the prob]ems of medical unit 1ocatf0n, deployment strategies, inter-
jurisdictfona? medical response and cost/service tradeoff factors.
While these areas are béyond the scope‘of this. study, they are included

in the Bibliography and Appendix A.
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6. CONCLUSION

6.1. Summary
The purpose of fhis study was to conceptualize, to structure,
~and to demonstrate a basic EMS simulation model, a model which would
assist communication managers and planners in designing, modifying
and evaluating their EMS telecommunications system.

The EMS processes were factored into subprocesses to improve
the user's conceptual understanding of the system and the flow
charts were developed to provide a visual representation of the
total structure. The emphasis on the conceptual and structural
development was designed to allow the user to understand more clearly
and to compare the time delays contributed by the various subprocesses
of the model. It was anticipated that this technique would not only
allow the user to understand better the various delay components,
but also to visualize the organizational and economic elements from
an EMS system perspective.

While the study focused on computer simulation, it was not im-
plied that the users had to use simulation to evaluate their EMS
system. Section 5 examined the simulation and ané]ytica] techniques
for evaluating complex server systems and found them to be close ap-
proximations given the assumptions nresented in the previous chapters.

The next subsection will briefly describe some gf the primary

problems involved in simulation modeling and modeling in general.
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6.2. Observations

o Model Assumptions

This study'aSSUmed that time was a critical variable in the de-
1ivery of eme%gency medical care. This jmplied that a reduction
in time de]ay ‘to some finite minimum would improve emergency

care. The techn1ques used in: th1s study were designed to

kexﬁ@ﬁcate these delay subprocesses. ‘The study also assumed
that_a Poisson distribution approximated the occurrence of

'emergency medical events in an EMS area. “This assumption

obviously facilitated a comparison between the simulation and

‘analytical techniques for3the,pdrpose of model validation. The

user, hoWever, is ehcouraged to.verify empirically the distri-
butional properties of emergency events in their EMS area

before accepting the Poisson as an approximation of emergency

~ event occurvence.
o Autocorrelation

*ffhe(mode] user is cautioned to consider carefully the autocor-

relation effects in simulation modeling. This effect is char-

acterized by the queue of one server subsystem impacting on the

~ queue of another. This is not unlike actual EMS system perform-

ance; however, simulation model results can be very misleading

| if‘these’effects are misinterpreted. The validation and sensi-
'tivity anaIysis techniques discussed in Section 5 can assist

 the USer in eva]uating the‘impact and relative degree of auto-

correlation “J. F Jenn1ngs Jr. (1978) suggests that Gaussian

and d1ffu51on approx1mat1ons might be more appropriate in

- server systemsewhlch are more heav11y”1oaded”
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0 Initia1'Bias

| As demOnsfraied in this study, initial bias.was found to have a
minimal effect if averaged over a 24-hour period. This approach
may be somewhat oversimplified becauseiin some EMS systems the
initial bias and other spurious effects may be prematurely dis<
countedf Users are cautioned to analyze system loading care- '
fully as it affécts their EMS telecommunications system;

] Requi}ed Research |
The EMS processes P1.0, P2.0, and P3.0 require far greatér fac-

‘ toring to understand thé various delay components. These‘three

protesséslare generally considered outside the direCt résponsi-
bility of most public institutions and as a result have received

less research and operational consideration.
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APPENDIX A

CROSS - REFERENCE_MATRIX

This appéndix is a cross reference between flow chart dequion points/
subprqcessldelai blocks and relevant bibliographic references. Decision
pbint valués (D) afe shown és'proportions. Delay values (P) are in
secqnds.

SYMBOL KEY:
*  'Mean interarrival time'modified by a'distribution function
ok Dé1ay depends on the server queue |

*** Unconditional transfer

124



Gel

REFERENCE

NUMERICAL

DESCRIPTION VALUE BIBLIOGRAPHY

) NUMBER . MODEL USER REFERENCE(S)
D1 RENDER EMERGENCY ASSISTANCE? .25 3,6,10,22,36,44,48,54
D1 (P2.0) EMERGENCY EVENT DETECTED? .001

D1 (P3.0) ACTIVE AID? ' .75 3,10,44,45,54

D1 (P4.0) USE PUBLIC TELEPHONE SYSTEM? .10 12,10,30,47a, 61
D1(P4.1.0) |XKNOW EMERGENCY NUMBER? .50 1,2,10,14,28,61
D1(P4.2.0) |RADIO AVAILABLE? .25 13,75,88
D1(P4.3.0) |CALL BOX LOCATED? .50 ‘

D1 (P5.0) USE DIRECT DISPATCH? *kk i,12,28,30,62,63
D1(P5.2.0) |MEDICAL RESPONSE REQUIRED? .10 10,35,30
D1(P5.3.0) |CALL TRANSFER COMPLETE? .05 76 -

D1 (P6.0) MEDICAL UNIT ENROUTE DELAY? .20 3,8,14,58,92

D1 (P7.0) RADIO CALL RECEIVED BY DISPATCHER? .10 4,16,29a,40,75,80,96
D1 (P8.0) DECISION TO TRANSPORT? .20 110,30

D1 (P9.0) {DECISION TO TRANSPORT? .20 10,39

D2 ' ADDITIONAL SERVICE/EQUIPMENT REQUIRED? .05 8,66

D2 (P3.0) REQUEST ADDITIONAL ASSISTANCE? .20 10 |

D2 (P4.0) USE LAND/MOBILE RADIOQ SYSTE.M‘?f .50 19,16,28,33,67,75,88
D2(P4.1.0) |DIAL OPERATOR? .50 28,37,61,65 '
|D2(P4.2.0)  |RADIO LOCATED? .80 . 67,68

D2(P4.3.0) |BOX OUT OF O} DER? | .10 |




9¢t

NUMERICAL

Rgﬁﬁgggﬁ DESCRIPTION VALUE BIBLIOGRAPHY
, : MODEL USER REFERENCE(S) ’
D2 (P5.0) USE CALL RELAY? +15 1,12,28,30,62,63
D2(P5.2.0) |ADDITIONAL INFORMATION REQUIRED? .10 39,76 '
"Ip2(P6.0) MEDICAL UNIT BREAKDOWN? .001
D2(P7.0) DISPATCHER RECEIVED MESSAGE? . .10 4J6,2mh4o,75,&L96
D2(P8.0) - [MEDICAL UNIT ENROUTE DELAY? .20 3,8,14 '
D2 (P9.0) MEDICAL CONTROL AVAILABLE? .05 A
D3 - ADVANCED Ll’%‘;;rSUPPORT AVAILABLE? .50 3,50
D3 (P4.0) USE CALL BOX SYSTEM? ' .50 10
D3(P4.1.0) [COIN REQUIRED FOR TELEPHONE? .75 30
ID3(P4.2.0) |RADIO RELAY REQUIRED? .50 13,16,29a,33,75,88
Ip3(P5.0) USE CALL TRANSFER? .50 1,12,28,30,62,63
D3(P5,2.0) |ADDITIONAL INFORMATION REQUIRED? .10 39,76
D3 (P6.0) ITRAFFIC/CROWD CONTROL AT SCENE? .20
D3 (P7.0) |SERVICE UNIT RECEIVED MESSAGE? .10 16,29a,40,75,80,96
D3(P8.0)  |MEDICAL UNIT BREAKDOWN? .001 |
D3(P9.0) MEDICAL UNIT ENROUTE DELAY? .20 3,8,14
D4(P4.1.0) |COINS LOCATED? - .25
D4(P4.2.0) |RADIO CHANNEL AVAILABLE? .50 4,13,16,29a,33,75,88
"ID4(P5.2.0) RADIO DISPATCH TO MEDICAL UNIT? .25 28,47a,75,78,80 '
"~ ID4(P7.0) |SERVICE UNIT ENROUTE DELAY? .20 8 '

A 3,5,15,23,29,47,474,89,90,91



A

NUMERICAL

REFERENCE DESCRIPTION VALUE | BIBLIOGRAPHY
NUMBER MODEL USER REFERENCE(S)
D4 (P8.0) MEDICAL FACILITY ADVISED OF ARRIVAL? .10 ' 3,5,15,28,47a,58,75,90,91
D4 (P9.0) _ MEDICAL UNIT BREAKDOWN? .001
D5(P4.1.0) COIN REQUIRED FOR TELEPHONE? .75 30
D5(P4.2.0) RADIO MESSAGE RECEIVED? :25 16,29a,40,75
D5 (P5.2.0) RADIO CALL RECEIVETD BY MEDICAL UNIT? .05 4,16,29a,40,75,80,96
‘D5(P9.0) MEDICAL FACILITY ADVISED OF ARRIVAL? .10 3,5,15,28,47a,58,75,90,91
D6(P4.1.0) COINS LOCATED? ' ) .25
D6 (P4 .2.0) USE PUBLIC TELEPHONE SYSTEM? .90
D6 (P5.2.0) DISPATCH MESSAGE RECEIVED? .05 4,16,29a,40,47a,75,80,96
D7 (P4.1.0) . | EMERGENCY TELEPHONE CIRCUITS BUSY? .001 1,2,30,80,96
D8 (P4.1.0) |CORRECT TELEPHONE NUMBER? .01 61,76 '
D8 (P5.2.0) TELEPHONE CALL ANSWERED? .05 2
4D9(P4.1.0) EMERGENCY CALL ANSWERED? .01 1,12,30,62,63,76,80,96 -
D9(P5.2.0) |RADIO CALL RECEIVED BY DISPATCHER? . .10 4,20,292,40,75,80,96
D10 (P5.2.0) D‘ISPATCHER RECEIVED MESSAGE? .05 4,16,298,40,75 80,96
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| ‘ : NUMERICAL

REFERENCE © DESCRIPTION VALUE . BIBLIOGRAPHY

 NUMBER . , _['MobEL [ usER REFERENCE(S)
P1.0 | EMERGENCY MEDICAL EVENT OCCURRENCE ©180% 6,45 |
P2.1 EMERGENCY MEDICAL EVENT DETECTION 360%| A
P3.1- ANALYZE/RENDER AID . ~ B60,180 3,10
P3.2 PRIVATE RESOURCES ] 360,60
P3.3 DECIDE WHOM TO NOTIFY 60,30 10,28,61,62,65
P3.4 |DECIDE HOW TO NOTIFY ' 30,15 10,28,61,62,65
P4.1.1 '{LOCATE PRIVATE/PUBLIC TELEPHONE 180,60 2,10 |
P4.1.2 " |DIAL OPERATOR ' 5,2 28,37,61,65
P4.1.3 OPERATOR DELAY 30,15 28,37,61,65
P4.1.4 LOCATE COINS 10,5
P4.1.5 LOOK UP EMERGENCY NUMBER | 20,10 61,65
P4.1.6 LOCATE COINS ‘ 10,5
P4.1.7 DIAL EMERGENCY NUMBER 7,2 1,2,14,76
P4.1.8 CAPTURE EMERGENCY TELEPHONE CIRCUIT *ox | A
P4.1.9 | EMERGENCY TELEPHONE RINGDOWN 6,2 1,2,62,63
P4.1.10 '|CHECK EMERGENCY TELEPHONE NUMBER 20,10 61
P4.1.11 BUSY/NO ANSWER DELAY 12,4 1,2,30,76,80,96
P4.2.1 LOCATE RADIO ‘ 360,60 67,68
P4.2.2 RADIO DELAY COORDINATION 60,15 16,29a,88
P4.2.3 WAIT FOR CHANNEL o 60,40] - 16,29a,75

A 3,6,10,22,36,38,44,%5,48,54,67,68

A 1,2,7,12,14,2%,%7,61,62,63,76,80,96
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NUMERICAL ‘

REFERENCE DESCRIPTION VALUE BIBLIOGRAPHY
NUMBER , 1 MODEL USER REFERENCE(S)

P4.2.4 SEND RADIO MESSAGE 30,10 4,75

P4.2.5 REPEAT MESSAGE COORDINATION 30,15 16,29a,75

P4.2.6 CONSOLIDATE INFORMATION | 10,5 39

P4.2.7 CONTACT PUBLIC SAFETY AGENCY 15,5 13,33,88

P4.3.1 LOCATE ' CALL BOX 360,180

P4.3.2 ACTIVATE CALL BOX 10,5

P4.4.1 DETERMINE AGENCY LOCATION 120,30

P4.4.2 TRAVEL TIME TO AGENCY 600,300

P4.4.3 CAPTURE DESK PERSON o 7,21

P4.4.4 RELATE EMERGENCY DETAILS 60,20

P4.4.5 CONSOLIDATE INFORMATION 10,5

P4.4.6 CONTACT AGENCY DISPATCHER 5,2

P5.2.1 |CAPTURE AN OPERATOR *% 14

|p5.2.2 OBTAIN EMERGENCY INFORMATION 40,20 10,35,39,61,64,76,96

P5.2.3 TERMINATE EMERGENCY CALL 5,2 1,30,35,39,76

P5.2.4 CONSOLIDATE INFORMATION 10,3 39

P5.2.5 CAPTURE A DISPATCHER *k 2,7,14,21,64,76,96

P5.2.6 RELAY INFORMATION TO DISPATCHER 15,5 30,39,76

P5.2.7 REVIEW CALL OPERATOR INFORMATION 10,5 39

P5.2.8 DETERMINE EMERGENCY LOCATION 15,5 35,39,64,76,78,80

A 1,7,12,14,21,61,63,64,76,80,96
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S NUMERICAL :
| Rﬁgggggﬁﬁ DESCRIPTION VALUE _ BIBLIOGRAPHY-
A ‘ T MODEL USER . REFERENCE(S)
P5.2.9 TYPE/AVAILABILITY OF MEDICAL UNITS 20,10 A |
P5.2.10 CAPTURE RADIO CHANNEL - *% 2,4,7,21,40,75,80,87,91,9§
P5.2.11 TRANSMIT MEDICAL UNIT CALL SIGN 10,3  ie,25,52,80 '
P5.2.12 MEDICAL UNIT RADIO REPLY 10,3 16,25,80,
P5.2.13 RING BACK EMERGENCY CALLER 30,10 30,39,76
P5.2.14 SEND DISPATCH MESSAGE 15,5] 25,47a,80
P5.2.15 MEDICAL UNIT .ACKNOWLEDGE MESSAGE 10,3 16,25,58, 80
P5.2.16 | RING BACK EMERGENCY CALLER 30,10] 30,39,76
P5.2.17 OPERATOR COORD. NON MEDICAL RESPONSE 70,20} 80
|p5.2.18 (NOT USED)
P5.2.19 TELEPHONE THE MEDICAL UNIT STATION 10,3 2,62
P5.2.20 RELATE DISPATCH MESSAGE 15,5 3
P5.2.21 ACKNOWLEDGE MESSAGE RECEIVED 10,3 58
P5.2.22 MEDICAL UNIT CLEAR THE STATION 20,5(
P5.2.23 (NOT USED)
P5.2.24 CAPTURE A RADIO CHANNEL ok 2,4,20,21,80,87,96
P5.2.25 ALERT DISPATCHER | 10,3 20,25,28,52,80
P5.2.26 CAPTURE A DISPATCHER Kk 2,4,14,21,65,76,80,96
P5.2.27 DISPATCHER RADIO REPLY 10,3} 25,80
P5.2.28 RELATE PROBLEM TO DISPATCHER 20,10 25,39

A 3,8,14,35,38,39,41,48,56,58,66,78,80,92



leL

NUMERICAL . .
REFERENCE _ DESCRIPTION - _ VALUE ~ BIBLIOGRAPHY
NUMBER 3 MODEL | USER REFERENCE(S)

{p5.2.29 DISPATCHER EVALUATES MED. UNIT PRIORITIEY 30,15 A

P5,2.30 REPEAT MESSAGE COORDINATION ’ 30,101 16,29a,75,80
P5.2.31 CAPTURE MEDICAL CONTROL CHANNEL k% A

P5.2.32 REPEAT MESSAGE COORDINATION 30,10 16,29a,75

P5.3.1 CAPTURE AN OPERATOR | ' ok 1,2,7,12,14,21,64,76,96
P5.3.2 OBTAIN BASIC TRANSFER INFORMATION 15,5 10,39,64,76,96
P5.3.3 TRANSFER CALLER TO APPROPRIATE AGENCY . 5,2 76 ‘
P5.4.1 | CAPTURE AN OPERATOR | | | KL "~ |1,2,7,14,21,64,76,96
P5.4.2 OBTAIN BASIC REFERRAL INFORMATION 30,15 10,39,64,96

P5.4.3 PROVIDE INFORMATION TO CALLER 30,15 39,64

P6.1  |MEDICAL UNIT ENROUTE | 15,5

P6.2 ABNORMAL TRAVEL DELAY | : 120% _

P6.3 . MEDICAL UNIT TRAVEL TIME 360% 3,8,45,58,92

'P6.4 TRAFFIC/CROWD DELAY o L 60,30

P6.5 ’ MED. UNIT INITIAL SCENE EVALUATION 60,30 3

P7.1 ' CAPTURE A RADIO CHANNEL *% -12,4,7,21,29a,80,87,96
P7.2 ALERT DISPATCHER B 10,3 16,25,28,52,80
lp7.3 CALL DISPATCHER AGAIN | 10,3 . |16,20a,75,80,96
P7.4 | capTure A pIspaTcHER : xx| 2,4,7,21,80

P7.5 DISPATCHER RADIO REPLY | 10,3  ]ie,25,80

A 3,8,14,35,38,39,41,56,58,66,78,80

A 2,5,7,15,16,21,28,29,29a,40,474,80,87,88,89,91,96
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NUMERICAL

REFERENCE DESCRIPTION VALUE BIBLIOGRAPHY
NUMBER | MODEL | USER |  REFERENCE(S)
P7.6 RELATE PROBLEM TO DISPATCHER 20,10 4,25,35,39
P7.7 REPEAT MESSAGE COCRDINATION 20,10 16,29a,75,80,96
p7.8 CAPTURE A SERVICE UNIT *k 2,4,7,11,21
P7.9 SERVICE UNIT RADIO REPLY 10,3 16,25
P7.10 RELATE PROBLEM TO SERVICE UNIT' 20,10 25,39
P7.11 REPEAT MESSAGE COORDINATION 20,10 16,75,80,96
P7.12 SERVICE UNIT TRAVEL TIME 360%* 8
P7.13 ABNORMAL TRAVEL DELAY ©120%
P7.14 PROVIDE SERVICE AT SCENE 500,180 1
P8.1 PATIENT TRIAGE 60,30 3,45,58
P8.2 UNITS CLEAR THE SCENE - 30,10 '
.|p8.3 TRANSFER PATIENT TO MEDICAL UNIT 15,5
P8.4 | |MEDICAL UNIT CLEAR THE EMERGENCY SCENE 15,5 3,58
P8.5 ABNORMAL TRAVEIL TIME oy 120% 4
P8.6 MEDICAL UNIT TRAVEL TIME 360% 3,8,45,58
|p8.7 |MEDICAL FACILITY PREPERATION DELAY 30,10 5,28
P8.8 OFFLOAD PATIENT FROM MEDICAL UNIT 15,5
P8.9 MEDICAL FACILITY TRANSPORT DELAY 15,5
P9.1 PATIENT TRIAGE 60,30 3,45,58
P9.2 UNITS CLEAR THE EMERGENCY SCENE 30,10




eel

REFERENCE

NUMERICAL

BIBLIOGRAPHY

NUMBER ‘ PESCRIPTION MODELVALUE USER REFERENCE(S)
P9.3 START ALS STABLIZATION 10,5 50 -
P9.4 ADVISE MED. CONTROL OF PATIENT CONDITION| 15,5 3,15,28,59,47
P9.5 MEDICAL CONTROL DIRECTION 15,5 A
P9.6 TRANSFER PATIENT TO MEDICAL UNIT 15,5
P9.7 MEDICAL UNIT CLEAR THE SCENE 15,5 3,58
9.8 - ABNORMAL TRAVEL DELAY 120% |
P9.9 MEDICAL UNIT TRAVEL TIME 360% 13:8,45,58
P9.10 ' MEDICAL FACILITY PREPERATZ}.’ON DELAY 30,10 5,28
P9.11 OFFLOAD PATIENT FROM MEDICAL UNIT 15,5
P9.12 MEDICAL FACILITY TRANSPORT DELAY 15,5

A 3,15,28,29,47,472,89,90,91
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(V]
o

-t b b

PO D WA -

CTIONDWR -

DALE WWWW NNVNN

BLOCK
NUMBER

L 2R 3 A 2

*LOC = OPERATION A,8,C,0,E,F,G,M,1,J. - . COMMENTS °
. ' .

. MODEL RUN. (CONFIG 1)

i SIMULATE )

: FUNCTION DEFINITIUN(S)

DIST1 FUNCTION RN1,C24 EXPON DIST FUNCTION
0,0/.1,.104/.2,.222/.3,.355/.4,.509/.5,.69/.6,.915/.7,1.2/.75,1,38

.1.6/.84,1,83/.88,2.12/.9,2.3/.92,2,52/.94,2.81/.95,2,99/.96,3.2 .

.97,3.5/.98,3.9/.99,4.6/.995,5.3/.998,6.2/.999,7/.9998,8
.

D1ST2 FUNCTION RN2,C24 EXPON DIST FUNCTION
0.0/.1,.104/.2,.222/.3,.35%/.4..509/.5,.59/.6,.915/.7.1.2/.75,1.38

1.6/.84,1.83/.88,2,12/.9,2.3/.92,2.52/.94,2.81/.95,2.99/.96,3,2
597 3.5/. 98 3.9/.99,4.6/.995,5.3/.998,6.2/. 999 7/ 9998 8

DIST3 FUNCTION RAN3,C24 EXPON DIST FUNCTIDN

0,0/.1..104/.2,.222/.3..355/.4,.509/ 5,.69/.6,.915/.7,1.2/,.75,1.38
;‘.G/.84,1.83/.88.2.12/.9.2.3/.92,2.52/.94,2.81/.95.2.99/.96,3.2

.97,3.5/.98,3.9/.99,4.6/.995,5.3/.998,6.2/.999,7/.9998,8

L]

DIST4 FUNCTION  RN4, c24 EXPON DIST FUNCTION

0,0/.4,.108/.2,.222/:3,.355/.4,.509/.5, .69/.6,.915/.7,1.2/.76,1.38
,1.6/.84,1.83/.88,2.12/.9,2.3/.92,2.52/.54,2.81/.95,2.99/.96,3.2

.97,3.5/.98,3.9/.99,4.6/.995,5.3/.998,6.2/.993,7/.9998 , 8

. ,

L

* STORAGE CAPACITY DEFINITION(S)

AMBU STORAGE 13 MEDICAL UNITS

DESK ' ‘STORAGE 1 AGENCY DESK PERSON

DISP - STORAGE 3 " DISPATCHERS-

EMDPR STORAGE 3 EMERGENCY CALL UPERATURS .
RADIS STORAGE 2 RADIGC DISPATCH/COORD CHANNELS
RAMED STORAGE 8 RADIO MEDICAL CONTROL CHANNELS
SERVU STORAGE 4 EMERGENCY SERVICE UNITS
TELE STORAGE 3 EMERGENCY TELEPHONE CIRCUTS
.

PY .
hd TABLE DEFINITION(S)

*

RTIME TABLE M1,900,300,16 TABLE FOR SYSTEM RESPONSE
ALSUP. TABLE M1,600,300,16 . TABLE FOR ALS STARTUP: ,
AMBU - QTABLE AMBU,0,10,60 RESIDENCE TIME IN THE LINE
DISP.  QTABLE - DI1SP,0,10,60 RESIDENCE TIME IN THE LINE
EMOPR QTABLE EMOPR,0,10,60 . RESIDENCE TIME IN THE LINE
RADIS QTABLE .- RAD1S,0,10,60 RESICEWCE TIME IN THE. LINE
RAMED QTABLE RAED,0,10,60 RESIDENCE TIME IN THE LINE
SERVU QTABLE SERVU,0,10,20 RESIDENCE TIME IN THE LINE
TELE  QTABLE TELE,0,10,60 RESIDENCE TIME 'IN THE yINE

*P1,0 EMERGENCY MEDICAL EVENT OCCURS

GENERATE 180,FNSDISTY EMERGENCY EVENT QCCURS . P1.0Q

.

CARD

BB =-OOBI0U SR WI -

e
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aLocK

NUMBER

2

.

. " # L

2R 2

S 2 89

Loc

PBO

OPERATION . A,B,C,D,E,F,G,H,1,J COMMENTS

ADVANCE

ADVANCE
TRANSFER

*D1 RENDER
TRANSFER

360, FNSDIST2
.001, ,GPSS4 -

*GPSS OPR

'*P2.0 EMERGENCY MEDICAL EVENT DETECTION

EMERGENCY EVENT DETECT
EMERG EVENT 'DETECTED

EMERGENCY 'ASSISTANCE

.25, ,PB0O

RENDER ‘ASSISTANCE

*P3.0 EMERGENCY MEDICAL ASSISTANCE PROCESS

- THANSFER -

pCC
PCD

pPCcB
GPSS4

DAPDO
DAPDA
DEPDA
PDAG

PDAH

DBPDA

DCPDA
PDAB
PDAD
PDAF
PDAAD

AGVANCE
TRANSFER
ADVANGE
ADVANCE
TRANSFER
ADVANCE
TERMINATE
TERMINATE -

.75,;PCC
360,180
.20,,PCB
60,30

‘30,15

+DAPDO
360,60

ACTIVE AID

ANALYZE/RENDER AID

REQUEST ADD ASSISTANCE

DECILE WHOM TO NOTIFY

DECIDE HOW TO NOTIFY
*GPSS OPR

PRIVATE RESOURCES

STOP B

STOP

*P4,0 CITIZEN EMERGENCY ACCESS PROCESS

*P4.1 -PUBLIC TELEPHONE SYSTEM

TRANSFER
ADVANCE

TRANSFER
TRANSFER

. ADVANCE

TRANSFER
ADVANCE
QUEUE
ENTER
DEPART
ADVANCE
TRANSFER
TRANSFER
TRANSFER
TRANSFER
ADVANCE
TRANSFER
TRANSFER
ADVANCE
ADVANCE
TRANSFER
ADVANCE
TRANSFER
ADVANCE
TRANSFER
LEAVE
ADVANCE
TRANSFER

.10, ,DBPDO
180,60 -
+50,,0BPDA
+75,,PDAF
7,2
.001,,PDAAA

TELE

TELE

TELE

6,2

.01, ,PDAAD
.01, ,GPSSS
+DAPEQ
.50, ,DCPDA

.20,10

DEPDA *
.75, ,PDAD
5,2

30,15

+PDAH

10,5

.25, POAB, PCD
10,5 i
.25 ,PDAG, PCO
TELE

20,10

+DAPDA

USE PUBLIC TELE SYSTEM
LOCATE PRIV/PUB TELE
KNOW EMERGENCY. NUMBER
COIN. REQ FOR TELEPHONE’
DIAL EMERGENCY NUMBER
EMERG TELE CIRCUTS BUSY
*GPSS OPR
*GPSS STATISTICS
CAPTURE EMERG TELE CIR
*GP5S STATISTICS
EMERG TELE RINGDOWN
CORRECT .TELE NUMBER
EMERG TELE ANSWERED
*GPSS OPR
DIAL OPERATOR
LGOK UP EMERG NUMBER
*GPSS ‘OPR ‘
COIN REQ FOR TELEPHONE

"DIAL OPERATOR

OPERATOR DELAY
*GPSS OPR

LOCATE COIN(S)

COIN(S) LOCATED

LOCATE COIN(S)

COIN(S) LOCATED
*GPSS OPR. -

CHECK TELE NUMBER
*GPSS OPR

P2.%
D1(P2.0)

D1

D1(P3.0)
P3.3
D2(P2.0)
3.3
P3.4

P3.2

D1(P4.0)
Pa. 1.1
D1(P4.1.0)
D5(P4.1.0)
Pa.1.7
D7(P4.1.0)

P4.i.8

P4.1.9
DB(P4.1.0)
D9(P4.1.0)

D2(P4.1.0)
P4.1.:.5

D3(P4.1.0)
P4, 1.2
P4.1.3

P4.1.4
D4{P4.1.0)
P4.1.6

D6(P4.1.0)

P4.1.10




LEL

BLOCK
NUMBER -

43
aa
a5
46

*L0C
POAAA
GPSSS

L ]

L]

L]
*DBPDO

DCPOB

nOPDB
POBD

PDBA

OPERATION'

ADVANCE
TRANSFER
LEAVE

TRANSFER

*P4.2

TRANSFER
TRANSFER
TRANSFER
TRANSFER
ADVANCE
TRANSFER
ADVANCE
ADVANCE
TRANSFER
TRANSFER
ADVANCE

. TRANSFER

rDBB
PDBC
PDBE

DCPDO

PDDA
PDDC

*EDNS

DAPEQ
-

ADVANCE
TRANSFER
ADVANCE
TRANSFER
ADVANCE
TRANSFER

*P4.,3

TRANSFER
ADVANCE
TRANSFER
TRANSFER
ADVANCE
TRANSFER

*P4.4

ADVANCE
ADVANCE
ADVANCE
QUEUE
ENTER
DEPART
ADVANCE
ADVANCE -
ADVANCE
LEAVE
TRANSFER

A,8,C,D0,E,F,G,H,1,J COMMENTS

12,4 ) BUSY/NO ANSWER DELAY
+DEPDA *GPSS. OPR
TELE *GPSS OPR
,PDAAA *GPSS OPR

LAND/MDBILE RADID SYSTEM

.50, ,DCPDO USE LAND/MOBILE RAD SYS
.25,,PDBA RADIO AVAILABLE

.50, ,PDBB RADID RELAY REQUIRED
.50, ,PDBC RADIO CHANIEL AVAILABLE
30,10 SEND RADIQ MESSAGE

.25, ,PDRE RADIC, WESSAGE RECEIVED
10,5 . CONSDLIDATE INFORMATION
15,5 CONTACT APPROP AGENCY
.90, ,DAPDA USE PUBLIC TELE SYSTEM
, PEBBD *GPSS OPR ~
360,60 LOCATE RADIZ. .
.80,DCPDB, PCD RADID LOCATED

60,15 RADIO/RELAY COORD
,DDPDB *GRSS OPR

60,40 WAIT FOR CHANNEL

,DDPDB *GPSS OPR :
30,15 REPEAT/MESSAGE COORD
,DDPDB _ *GPSS OPR

CALL BOX SYSTEM

.50, ,PDDA USE CALL BOX SYSTEM
360,180 LOCATE CALL: 8OX

.50, ,PCD CALL BOX LOCATED

.10, ,PCD BOX OUT OF ORDER

10,5 ACTIVATE CALL BOX

,PODC *GPSS OPR

DIRECT CITIZEN CONTACT

120,30 DETERMINE AGENCY  LOCAT

600,300 TRAVEL TIME 7O AGENCY
«GPSS OPR

DESK : *GPSS STATISTICS

DESK CAPTURE DESK PERSON

DESK . *GPSS STATISTICS

60,20 RELATE EMERG DETAILS

10,5 CONSOLIDATE INFOQ

5,2 CONTACT. AGEMCY DISP

DESK *GPSS OPR

yPEBBD *GPSS OPR

*P5,0 EMERGENCY ANSWERING AND DISPATCH PROCESS

*P5.1

TRANSFER

DIRECT DISPATCH PROCESS

+DBPED _ USE DIRECT DISPATCH

Tpa.1.1t

D2(p4.0)
D1(P4.2.0)
D3(P4.2.0)

D4(P4.2.0)

P4.2.4
D5(P4.2.0)
P4.2.6 °
P4.2.7
DE(P4.2.0)

P4.2.1
D2(P4.2.0)
P4.2.2

P4.2.3
P4.2.5

D3{P4.0)
P4.3.1
D1(P4.3.0)
D2(P4.3.0)
P4.3.2

P4.4.3

P4.4.4
P4.4.%

. P4.4.8 .

D1(P5.0)




8etl

BLOCK
NUMBER

101

102
103
104
105
106
107
108
109
110
11,
112
113
114

115

116
17
118
119
120
121
122
123
124
125
126
127
128
129
130
131
132
133
134
138

Loc

DBPEO

DBPEB

DCPEB
PEBI

PEBAD

PEBCA

. PEBAG

PEBAC
PEBAL

OPERATION

*P5.2

TRANSFER
ADVANCE
QUEUE
ENTER
DEPART
ADVANCE
TRANSFER
ADVANCE
LEAVE
ADVANCE
TRANSFER
QUEUE
ENTER
DEPART
ADVANCE
LEAVE
ADVANCE
ADVANCE
TRANSFER
ADVANCE
TRANSFER
QUEUE
ENTER
DEPART
ADVANCE
TRANSFER
ADVANCE
QUEUE
ENTER
DEPART
ADVANCE
TRANSFER
ADVANCE
LEAVE
LEAVE
ADVANCE
QUEUE
ENTER
DEPART
TRANSFER
LEAVE
ADVANCE
LEAVE
TERMINATE
ADVANCE
TRANSFER
ADVANCE
TRANSFER
KQVANCE
ADVANCE
LEAVE
QUEUE

+ ENTER

A,8,C,D,E,F,GyH,1,d

COMMENTS

CALL RELAY PROCESS

.15, ,DCPEQ

EMOPR
EMOPR
EMOPR
40,20
.10, ,PEBAG
TELE
10,3
.10, ,PEBAC
DISP

DISP

DISP

15,5

EMOPR

10,5

15,5 .
.10, ,PEBAF
20,10

.25, ,PEBAT
RADIS
RADIS
RADIS

10,3

.05, ,GPSS6
10,3

£MBU

AMBU

AMBU

15,5
;05,,PEBCO

DISP

" RADIS

RAMED
RAMED
RAMED
JPFA
TELE
70,20
EMOPR

30,10
,DBPEB
10,3 ;
.05, ,PEBI
15,5

10,3

DISP

AMBU

AMBU

USE CALL RELAY
. *GPSS. OPR
*GPSS STATISTICS
CAPTURE AN OPERATOR
«GPSS STATISTICS
OBTAIN EMERGENCY INFQ
MEDICAL RESPONSE REQ
TERMINATE EMERG CALL,
*GPSS OPR
CONSQLIDATE INFO
ADDITIONAL INFO REQ
*GPSS STATISTICS
CAPTURE A DISRATCHER
*GPSS STATISTICS
TRELAY IMFO TO DISPATCH
*GPSS OPR
REVIEW. CALL OPR INFO
DETERMINE EMERG LOCAT
_'ADDITIONAL INFO REQ
TYPE/AVAIL OF MED UNIT
RADIOC DISPATCH
*GPSS STATISTICS
CAPTURE RADIOD CHANNEL
*GPSS STATISTICS
TRANSMIT MED UNIT CaLL
RADIO CALL REC MED UNIT
MED UNIT RADIO REPLY
*GPSS STATISTICS
*GPSS OPR
*GPSS STATISTICS .
SEND DISPATCH MESSAGE
DISPATCH MESSAGE REC
MED UNIT ACKNOW MESSAGE
*GPSS OPR
*GPSS. OPR
*GPSS OPR
*GPSS STATISTICS
CAPTURE MED. CONT CHAN
*GPSS STATISTICS
*GPSS OPR
*GPSS. OPH
COORD: NON MED RESPONSE
*GPSS: OPR
STOP s
RING BACK EMERG CALLER
*GPSS OPR .
TELE MED UNIT STATION
TELE CALL ANSWERED
RELATE DISPATCH MESSAGE
ACKNOWLEDGE MESSAGE ‘
*GPSS OPR
*GPSS STATISTICS
*GPSS OPR

D2(P5.0)

P5.2.1

P5.2.2
D1(P5.2.0)
P5.2.3

P5.2.4
D2(P5.2.0)

P5.2.5
P5.2.6
P5.2.7
P5.2.8

D3(P5.2.0)
P5.2.9

D4(P5.2.0)

P5.2.10

PS5.2.11
05(P5.2.0)
P5.2.12

P5.2.14
D6(P5.2.0)
P5.2.15

P5.2.31

P5.2.17

P5.2.13

P5.2.19
D8(P5.2.0)
P5.2.20
PS5.2.21

CARD
NUMBER

168
167
168
169
170
171
172
173
174
175
178
177
178
179

180
181
182
183
184
185
186
187
188
189
190
194
192
193
194
195
198
197
198
199
200
20t
202
203
204
208
208
207
208
209
210
211
212
213
214
21s
218
217

218
219
220
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. BLOCK
NUMBER

136
137
138
139
140
141
142
143
144
145
148
147
148
149
150
151
152
153
154
155
186
157
168
159
160
i61

162 .

163
164
165
166
167
168
169
170
171
172

173
174
175
176
177
178
179
180
184

182

»

Loc

PEBAF

‘Gpsse

-

E 3

-

. »

PEBAD
PEBBE
PEBBH

PEBCB
PEBCO

DCPED

PECC.

PEDA

PFA

'ADVANCE 10,3

OPERATION A,B,C,D,E,F;G,H,1,y COMMENTS

DEPART AMBU *GPS5 STATISTICS

ADVANCE 20,5 . MED UNIT CLEAR STATION P5.2.22
TRANSFER + PEBCA *GPSS OPR

ADVANCE .. . '30,10 RING BACHK EMERG CALLER P5.2.16
TRANSFER yDCPEB *GPSS . OPR

LEAVE RADIS *GPSS OPR

TRANSFER . ,PEBI : ) *GPSS OPR :

-ADVANCE *GPSS OPR '

QUEUE - RADIS *GPSS STSTISTICS

ENTER RADIS CAPTURE RADIO CHANNEL PS.2.24
DEPART RADIS *GPSS STATISTICS

ALERT DISPATCHER ‘ P5.2.25

TRANSFER .10, ,PEBBE RADIO CALL REC BY DISP  D9(P5.2.0)

QUEUE D1sSP *GPSS STATISTICS
ENTER DISP CAPTURE A DISPATCHER P5.2.26
DEPART DISP *GPSS STATISTICS

ADVANCE 10,3
ADVANCE 20,10

DISPATCHER, RADIO REPLY P5.2.27
RELATE. PROBLEM TO .DISP P5.2.28

TRANSFER .05, ,PEBCB DISPATCH ‘REC MESSAGE D10(P5.2.0)
LEAVE RADIS - *GPSS OPR .
ADVANCE . 30,15 DISP EVAL MED UNIT PRI P5.2.29
TRANSFER +PEBI *GPSS OPR

ADVANCE - 30,10 : REPEAT MESSAGE COORD P5.2.32
TRANSFER +PEBBH A *GPSS OPR .

ADVANCE 30,10 : REPEAT MESSAGE COORD PS.2.30
TRANSFER »PEBAD *GPSS OPR

»P5.3 CALL TRANSFER PROCESS
USE CALL TRANSFER = 03(P5.0)

TRANSFER .50, ,PEDA

QUEUE EMOPR *GPSS STATISTICS

ENTER . EMOPR CAPTURE AN OPERATOR P5.3.1
DEPART - EMOPR *GPSS STATISTICS

ADYANCE 15,5 OBTAIN BASIC TRANS INFO P5.3.2
ADVANCE 5,2 TRANS CALLER APPROP AGY P5.3.3
TRANSFER .05,,PECC CALL TRANS COMPLETE D1(P5.3.0)
LEAVE ENMOPR *GPSS OPR

ADVANCE 60,40 *GPSS QPR

LEAVE TELE . *GPSS. OPR

TERMINATE STOP

- *P5.4 CALL REFERRAL PROCESS

ADVANCE *GPSS OPR

QUEUE EMOPR «GPSS STATISTICS

ENTER EMOPR CAPTURE AN DPERATOR P5.4.1
DEPART EMOPR *GPSS STATISTICS

ADVANCE 30,15 OBTAIN BASIC REF INFQO ~ P5.4.2
ADVANCE 36,15 .PROVIDE INFC TO CALLER P5.4.3

LEAVE TELE *GPSS 0P
LEAVE EMOPR . *GPSS OPR
‘TERMINATE sTop ’

*P6. 0 EMERGENCY MEDICAL UNIT TRANSIT PROCESS
ADVANCE 15,5 MEDICAL UNIT ENROUTE. P6. 1

CARD

NUMBER
221
222
223
224
225
228
227
228
229
230
231
232
233
234
235
236
237
238
239
240
241
242
243
244
245
246
247
248
249
250
251
.252
253
254
255
256
257
258
259
260
261
262
263
264
265
266
267
268
269
270,
271
272
273
274
as .
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BLOCK
NUMBER

183
184
18%
186
187
188
189
190
191
182
193
194

195

196
197
198
199
200
201
202
203
204
205
206
207 -
208
209
210
21t
212
213
214
215
216
217
- 218
219
* 220
221
222
223
224
225
226
227
228

Loc
DAPFO

DCPFO

PFB

_ GPSS1

PFD

080
PGA

PGB

PGF

PGAO

DOPGO

PGC

- PGG

‘PGAA

L 2R 3

PGAC

0Cco

v

" ORERATION

TRANSFER
TRANSFER
ADVANCE
TRANSFER
ADVANCE
TRANSFER
ADVANCE
TRANSFER
LEAVE
TRANSFER
ADVANCE
TRANSFER

A,B,C,D,E,F,G,H,1,u

.20,,PFB
.001, ,GPSS1
360, FNSDIST3
.20, ,PFD
60,30

,DBO
120,FNSDISTA
«DAPFO

RAMED

.PEBBD

60,30 -
+DCPFO

© COMMENTS

MED UNIT ENROUTE DELAY
MED UNIT BREAKDOWN

MED UNIT TRAVEL TIME
TRAFFIC/CROWD CONTROL
MED UNIT INITIAL EVAL
=GP5S OPR .
ABNORWMAL TRAVEL DELAY
«GPSS: OPR
*GPSS OPR
+GP5S OPR

TRAFFIC/CROWD DELAY
*GPSS DPR

+«D2 ADDITIONAL SERVICE/EQUIPMENT REQUIRED

TRANSFER

.05,DC0O,PGA

ADDITIONAL SERV/EQUIP

*P7.0 SERVICE UNIT DISPATCH AND TRANSIT PROCESS

ADVANCE
QUEUE
ENTER
DEPART
ADVANCE
TRANSFER

QUEUE

ENTER
DEPART
ADVANCE.
ADVANCE
TRANSFER
QUEUVE
ENTER
DEPART
ADVANCE
ADVANCE.

TRANSFER

LEAVE

<LEAVE

ADVANCE
TRANSFER
ADVANCE
LEAVE
TRANSFER
ADVANCE
TRANSFER
ADVANCE
TRANSFER
ADVANCE
TRANSFER
ADVANCE
TRANSFER

TRANSFER

RADIS
RADIS
RADIS
10,3 .
.10, ,PGC
DISP .
DISP

DISP

10,3
20,10
.10, ,PGG
SERVU
SERVU
SERVUY
10,3
20,10
<10, , PGAA
DISP
RADIS
360, FNSDIST2
.20, ,PGAC
600,180
SERVU
,DCO

10,3

,PGB
20,10
'PGF

120,10

+PGAD
120, FNSDIST4
+DDPGO

.50, PHA, PIA

+GPSS OPR
*GPSS STATISTICS
CAPTURE RADIO CHANNEL
*GPSS STATISTICS
ALERT DISPATCHER
RADIO CALL REC By DISP
*GPSS STATISTICS
CAPTURE A DISPATCHER
*GPS5 STATISTICS
DISPATCHER.RADIO REPLY
RELATE PROBLEM TO DISP
DISP REC MESSAGE :
. *GPSS STATISTICS
CAPTURE A SERVICE UNIT
*GPSS STATISTICS
SERVICE UNIT RADIO REPLY
RELATE PROB TO SER UNIT
SERV UNIT REC MESSAGE
*GPSS OPR
*GPSS OPR
SERV. UNIT TRAVEL TIME
SERV. UNIT ENRGUTE DELAY
PROVIDE SERV AT SCENE
*GPSS OPR
*GPSS -OPR
CALL DISPATCHER AGAIN
*GPSS OPR
REPEAT ‘MESSAGE COORD
*GPSS OPR . -
REPEAT MESSAGE COORD
*GPSS OPR
ABNORMAL TRAVEL DELAY

«D3 ADVANCED LIFE SUPPORT AVAILABLE

ADVLIFE ShPPORT AVAIL

DY(P6.0}
D2(P6.0)
P6.3
D3(P6.0)
P6.5

P6.2
P6.4

D2

P7.1

£7.2
D1(P7.0)

P7.4°
P7.5
P7.6
D2(P7.0)
P7.8
P7.9

p7.10
D3(P7.0)

P7.12
D4(P7.0)
P7.14
p7.3
P7.7
P7.11
7.13

D3

CARD
NUMBER

278
277

279
280
2081
282
283
284
28s
286
287
288
289
290
291 -
292
293

295
296 -
297

299
300
301
302
203
304
305
308
307
308
309 -
310
311
312

314
315
3186

318
319
320
324
322
323
324 .
-325
- 328
327
328




oL

BLOCK
NUMBER

230
231
232
213
234
235
236
237,
238
239
240
241
242
243
244
245
246
247
238
249
250
25%
252
7253
254

- 255
256
257
258
259
260
261
262
263
264
265
266
267
268
1269
270
- 271
272
273
274
275
276
277
278

*L0C
.
»

*
PHA

PHC
DBPHO

DDPHO

PHB

PHE
GPSS3
PHG

.
.
.
PIA

OCP10

' ‘DEPIO

(28]

PIH

OPERATION A/B,C,D,E,F,G,H,1,u

COMMENTS

¥PB.0 BASIC LIFE SUPPGRT PROCESS

ADVANCE

TRANSFER

ADVANCE
ADVANCE
TRANSFER
ADVANCE
TRANSFER
TRANSFER
ADVANCE
ADVANCE
LEAVE -
LEAVE
TASULATE
TABULATE
TERMINATE

* ADVANCE

LEAVE
LEAVE
TERMINATE
ADVANCE
TRANSFER
LEAVE
TRANSFER
ADVANCE
TRANSFER

60,30
.20, ,PHB
15,5

15,5

.20, ,PHE
360, FN$DISTY
.qot,,GPSS3
10, ,PHG
15,5

15,5

AMBU ©.
RAMED
ALSUP

RTIME

30,10
RAMED

- AMBU

120,FNSDISTI
+DBPHO

RAMED.

« PEBBD

30,10

« DDPHO

PATIENT. TRIAGE

DECISION TO TRANSPORT
TRAMSFER TQ MED UNIT
MED UNIT CLEAR SCENE
MED UNIT EHROUTE DELAY
MED UNIT TRAVEL TIME
MEDQ UNIT EBREAKDOWN . -
MED FAC ADVISED ARRIVAL
OFFLOAD  PATIENT

MED. FAC TRANS DELAY

+GPSS OPR
*GPSS OPR
*GPSS STATISTICS
*GPSS STATISTICS
sToe
UNIT(S) CLEAR THE SCENE
*GPSS
*GPSS
STOP °
ABNORMAL TRAVEL TIME
*GPSS
*GPSS
*GPSS
MED FAC PREP DELAY
*GPSS

*P9.0 ADVANCED LIFE SUPPORT PROCESS

ADVANCE
TRANSFER
TRANSFER
TABULATE
ADVANCE

.ADVANCE

ADVANCE
ADVANCE
ADVANCE
TRANSFER
ADVANCE
TRANSFER
TRANSFER
ADVANCE .-
ADVANCE
LEAVE
LEAVE
TABULATE

. TERMINATE
"ADVANCE

LEAVE

"LEAVE

TERMINATE
ADVANCE

60,30
.20, ,PI18
.05, ,PHC
ALSUP
10,5
15,5
15,5
5,5
15,5
.20, ,PIH

360,FNSDISTA

.001,,GPSS2
.10,,PIAD

15,5 .

15,5
AMBU
RAMED
RTIME

30,10
RAMED
AMBU

120,FNSDISTY

PATIENT TRIAGE
DECISION TO TRANSPORT
MED CONTROL AVAILABLE
*GPSS STATISTICS
START ALS STABLIZATION
ADVISE MED CONTROL
MED CONTROL DIRECTION
TRANSFER TO MED UNIT
MED UNIT CLEAR SCENE
MED- UNIT ENROUTE DELAY
MED UNIT TRAVEL TIME
MED. UNIT BREAKDOWN
MEO FAC ADVISED. ARRIVAL
OFFLOAD PATIENT :
MED.FAC TRANS. DELAY
*GPSS OPR.
*GPSS QPR
*GPSS STATISTICS
STOP . :
UNIT({S) CLEAR THE SCENE
*GPSS OPR ;
*GPSS OPR
sTopP '
ABNORMAL TRAVEL DELAY

Pa.1
Di(pP8.0)

PB.3

P8.4
D2(PB.0)
PB.6
03(PB.0}
D4(P8.0)
P8.8
8.9

P8.2

P8.5

PB.7

P9.1
D1(P9.0)
D2(P9.0)

P9.3
P9.4
P9.5
P9.6
P9.7
D3(P9.0)
P9.9
D4(P9.0)

D5(P9.0) .

PG.1 1
P9.12

9.2

P9.8

CARD
NUMBER

a3
332
333
334
335
338
337
338
339
340
341
342
243
344
345
348
347
348
349
350
351
352
as3
354
358
358
357
358
359
360
363
362
363
364
3865
366
367
368
369
370
379
a72
.373
374
a7s
378
377
a7e
379
380
g1
382
383
384
388
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BLOCK
NUMBER

279
280
281
282
283

284
285

*\0C

GPS52
PIAD

OPERATION A,B,C,D,E,F,G,H,1,J COMMENTS
" TRANSFER ,0CPlO ’ «GPSS OPR

LEAVE RAMED =GPSS OPR
TRANSFER +PEBBD N *GPSS OPR
ADVANCE 30,10 MED' FAC PREP DELAY

TRANSFER = ,DEPIO *GPSS OPR

MODEL SEGMENT 2 (TIMER SEGMENT)

GENERATE = 86400 RUN TIME (24 HOURS)
TERMINATE 4 . SHUT OFF
CONTROL CARDS

START 1

P9.10

CARD
NUMBER

386
387
3688
389
390
gt
392
393
394
395
396
397
. 398
399
400
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_ ALERT

ALS:
BLS:
CB:
EMS:
FIFO:

ePSS:
LMR:.

PSAP:

REACT:

UHF:

et

APPENDIX C. ACRONYMS

Affiliated League of Emergency Radio Teams

Advanced Life Support

Basic Life Support

Citizens Band

~ Emergency Medical Services

First-in First-out
GénérallPurpose Simulation System
Land Mobile Radio

Public Safety Answering Point

Radio Emergency Associated Citizens Teams

Uitra High Frequency

143
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5.

DIRECT
DISPATCH-
PROCESS

from
Wird 101

P5.2

CALL

RELAY
PROCESS

P5.3
CALL
TRANSEER
PROCESS

P5.4
“CALL
REFERRAL

PROCESS

[}
L

§iPS.0) . l
E [
w This process is nol developed in this sludy, Q’ !
See Chaplers Il 4 TV }
p5.2.8 P5.2.46 P5,2.1 08(PS.2.00 $5,2.20 2.2 $5.0.22 [
RINGBALK - RINCRACK JELEPHONE ELER RELATE ALANDBLEDGE VELICAL LT [
EMERSECT ENERGENCY " LEPHOUE DSPAICH 1 - MESSAGE eI
cAe CALLER ity GALL Rswtieg NESSACE RECEIVED THE STATIDY |
' I
02(#5.0) P5.2; #5.22 oFS2.00 P5.2.3 P5.24 Leeszn P5.2.5 P5.2.6 LAl P5.2,8 83185.2.0) ?5.2.9 £5:2.40 75.2.11 051P5.2.) P5.2.42 P52 BE(rs.200 #5:2.5 P5.2.31 |
g4 . phld e E
5 CARIORE CETAN NEDICAL TERMUNATE CONSOLIDMTE ARDITIONAL CAPTURE 4 RELAY REVIEW 2ETERUINE AUITIONAL TYPE ZAVAILABILITY CAPTURE & TRANSHIT RADID CALL HEDICAL UNIT SEn DiSPATLH VEDICAL DuiY | CAPTURE ]
FUERCENCT RESPONSE  TE! EXERGENC! INFORMATION A% INFORMATION MERGENLY: p—ed MERS RADIO BISPATCH  —— RECEIV 1 1> FA > 01 WEDIC! { 0P
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