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MATHEMATICS

ANALYSIS OF THE IMPACT OF THE INCOMING CALLS FLOW
INTENSITY ON SOME BASIC CHARACTERISTICS OF AN EMERGENCY
AID CENTRE

Veselina Evtimova

Angel Kanchev University of Ruse

Abstract: The emergency aid centre in Ruse is modelled as a queuing system with an unlimited
number of places in the system queue. The influence of the incoming calls flow intensity on some major
characteristics of the system is examined. The paper reaches some conclusions about the number of
emergency teams needed in order to provide prompt emergency service for the patients at a definite
intensity of the incoming calls flow. The results of the simulation of priority service of incoming calls are
analysed and the respective conclusions are made.

Keywords: Mathematical Modelling, Queuing Theory, Emergency Medical Care, Priority Service.

The development of technically feasible and socially effective systems of medical
service, which form the basis of public health care, is a very suitable medium for the
application of the investigation of operations methods. A great number of problems which
come up in these cases can be solved with the help of analytical methods; the efficiency of
these methods depends on the researcher’s ability to form a good enough mathematical
model which takes into account as many factors as possible and describes the system as
comprehensively as possible.

The paper examines an emergency aid centre (EAC) where the intensity of incoming
calls is A calls per hour. The medical team and the ambulance car accept a new call when
they get back to the coordination centre or immediately after they have attended to the
previous call [7]. The observations and the analysis of the performance of the EAC in Ruse
show that the average time needed to provide the medical service for each call is 28
minutes, i.e. the intensity of the service flow is x=2.14 calls per hour and the EAC uses

n=8 ambulance cars (and the same number of medical teams).

EAC is examined as a queuing system (QS) with an unlimited number of places in
the system queue [2]. The transport-medical teams are interchangeable. In order to
establish a steady working mode which can guarantee that all patients (incoming calls) in

the system will get proper service, the value%, wherepzi, should be less than 1 [10].
U
This is a necessary requirement to limit the queue of waiting patients. When §>1 such a
mode does not exist.
The graph of the states of the system is shown in fig.1 [1].
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Fig.1 Graph of the states of the system

The separate states correspond to the following meanings:
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S, - all teams are free;
S, - one team is busy, the rest are free;

S, - all n teams are busy, but there is no queue;
S,.,- all n teams are busy and one incoming call is waiting in the queue;

S,., - all nteams are busy and r incoming calls are waiting in the queue.
In [10] it has been proved that the condition for the final probabilities to exist is

expressed with §<1. Then the final probabilities are determined according to the Erlang

formulae [3]:

2 3 n n+1 -1
(1) P = 1+L248 P Py P
w2t 3 nl n*(n-p)

........ e
2 P :%*PO, k=1,2....n:
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Fig. 2. Dependence of P, onA

Fig. 2 illustrates that when the intensity of the incoming calls flow goes up the
probability for the system to have no waiting calls goes down. When the value of
Areaches ten, this probability approaches zero.

The parameters expressing the system’s load can be calculated according to the
following formulae [8]:

- average length of the queue

n+l

4 L=-—2 ;

2
n*n!*(l—pj
n

- average number of patients in the system
(5) Lo=L+p;
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- average time the incoming call spends in the system’s queue

6) W :i;
6) W, 2
- average time the incoming call spends in the system
L
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Fig. 3. Dependence of L, on 1 Fig. 4. Dependence of W,on 1

Fig.3 demonstrates that when the incoming calls flow intensity reaches the value of
8, the length of the waiting patients queue begins to grow unrestrictedly; this means that
the available number of 8 teams is not enough to respond to the incoming calls of this level
of intensity and therefore, it is necessary to ask other emergency medical centres for
assistance. Such uncontrollably great number of incoming calls for the existing EAC may
become a fact at times of traffic accidents, natural adversities or industrial disasters [4].

The dependence of the time each call spends in the system queue as a function of
the incoming calls intensity is analogical (fig. 4).

So, the conclusion is that the ambulance cars available at the EAC in Ruse are not
enough to provide adequate emergency medical service when the number of incoming
calls reaches 8 or more per hour. It is necessary to buy more vehicles or to ask the
nearest emergency centres for help. If there is a chance increase in the incoming calls flow
intensity, assistance from the nearest emergency aid centres is necessary. However, if the
increase in the incoming calls flow intensity is a permanent tendency, new ambulance cars
should be purchased.

The present paper deals with the influence of the incoming calls flow intensity on
some characteristics of the system when it accepts priority emergency medical service.

In some countries in the world, health services are provided according to the rank or
income of the citizens — those with higher rank or higher income are provided with different
services from the citizens with lower rank or lower income. The paper examines a case
with two levels of priority, and when the priority service does not interrupt the realization of
the current emergency medical call.

It is assumed that the incoming calls flow is a Poisson stream, and the service time
for each of the m-number of queues of waiting patients (depending on the chosen number
of priorities) is distributed according to a random law. M, [t] and D,[t] respectively, denote

the mathematical expectation and the variance for the k-team, and A, denotes the intensity
of the incoming calls flow for the same team.
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The influence of the intensity of the incoming calls flow on the basic characteristics of
the system is studied. With one team providing the emergency service, their values are
determined by the following dependencies [9]:

W, - average time the patient spends waiting in the x-team queue

S 4 *(M2[t]+ D, t])

(8) Wo(k) _ =l :
2*(1-81)*(A-5)

W - average time the patient spends with the system’s k-team
9) Wc(k) :Wo(k) +M,[t];

L - average number of patients in the k-team service queue
(10) L§Y =24 *Ws;

LY - average number of patients with the k-team;
(11) L(ck) = LE)k) +p., Where p, =4 *M,[t];

Kk
(12) S, =Z,oi <1, k=1,2,....m.
i=1
(13) S,=0.
The average time the patient spends in the queue does not depend on the kind of
priority they have and is equal to

(14) W, =Z%\No(k>, where =) 4.
k=1 i=1
The average time the incoming calls stay in the system, is determined by the
dependency

(15) W, = Ziwgk) :
A
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Fig.5. Dependency of W” on A with one

o _ Fig.6. Dependency of W® on A
team providing the service

with one team providing the service
The results of the examined case with one team are as follows:
W/ - the average time the call stays in the system’s queue increases linearly with the

increase in the incoming calls flow intensity 1 (fig.5). The average time W? the calls of
second (lower) priority stay in the queue increases unrestrictedly when the calls intensity
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increases to 2.07 incoming calls per hour (fig.6); so with the introduction of priority service
by one team the lower priority calls cannot get the service needed in due time, which can
be fatal to the patient. It is possible to provide adequate emergency medical service
without threatening the patient’s life if the intensity of the incoming calls of second (lower)
priority does not exceed 1 call per hour [5].

In the simulation of the emergency aid centre as a multichannel queuing system with
a priority channel, in the case which is examined (with two teams), it is supposed that that
the time needed to provide the service will be the same for the calls from the two priority
categories and the distribution of the time spent providing the service by all the teams (m
is their number), is according to an exponential law with average service intensity x .

Incoming calls with k-priority is distributed in time according to Poisson’s law and is
characterized by average frequency 4, (k=1,2,...,m). So for the k-queue of waiting

patients the average time the patient (the call) stays in the queue is [9]:

(16) WY = Mic] , k=1,2,...m,
1-S.)*A-5S,)

where S;=0,S, i‘ <1 fork=1,2,...m,
m* u
1 A
(17) M[g]: —— , p=2.
* * -M % * * IO ’Ll
pxm*| p " *F(m-p)*(m-1)! Z?"‘l

j=0

For the examined case it is supposed that there are two queues, the first one being

of higher priority and with intensity 4, =0.5, and the second one — with intensity 4, =1 -4,
where A4 is the intensity of the incoming calls flow for the whole system. The average
service time for the incoming calls is t__ =28 minutes. It can be accepted that it is the

serv

same for the incoming calls from the two groups and therefore, the service intensity is

= p, === 2.14 calls per hour.

serv

—+
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Fig.7. Dependence of W,? on A with two service teams

The MAPLE program product is used to draw the graphs.

For two service teams the results are shown in fig.7: the intensity of the incoming
calls of second priority A, should not exceed 2, as according to this graph the time the
calls stay waiting in the queue is practically zero, which means that the patients will get the
medical service they need without having to wait in the system’s queue. When the intensity
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of the incoming calls is larger than 3, the situation becomes intolerable considering the
service provided by the emergency aid system [6], as the time spent waiting in the queue

of the system increases unrestrictedly. For 1, approaching 4.28 calls per hour, W®
approaches infinity.
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N3CNeABAHE HA BIIMAHUETO HA MUHTEH3UBHOCTTA HA
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XAPAKTEPUCTUKN HA LLIEHTBP 3A CNEWHA MEOAULUUHCKA NMOMOLY,

BecenuHa EBTMMOBa
PyceHcku yHusepcumem ,AHeern1 KbH4ye8”

Pestome: LleHmbpbm 3a cnewHa meduyuHcka rnomouy, 8 epad Pyce e modenupaH kamo cucmema 3a
Macoego obcryxeaHe ¢ HeoepaHuU4eH 6pol Mecma 8 ornawikama Ha cucmemama. VzcnedeaHo e enusiHuemo
Ha UHMeH3usHocmma Ha 6x00suuUsl MOMOK 3asi8KU 8bPXy HSIKOU OCHOBHU Xapakmepucmuku Ha
cucmemama. HanpaseHu ca u3go0u 3a HeobxolOumusi bpol ekurnu, 3a Oa Moxe da ce ocuaypu
ceoespeMeHHO obcryxxeaHe Ha nauyueHmume rnpu orpedesieHa UHMEH3UBHOCM Ha 8X00sWusi MoOmMoK om
3asie8Ku. AHanu3upaHu ca u pe3ynmamume om cuMyrayusma Ha 8beexdaHemo Ha [puopumemHo
obcryxeaHe Ha 3as18KU U ca HarpaeeHU CbomeemHume u3e8o0u.

Knroyoeu dymu: Mamemamuyecko modenupaHe, Teopuss Ha macoeomo obcryxeaHe, CriewHa
meduyuHcka nomouwy, MNpuopumemHo obcrnyxeaHe.

IPROCEEDINGS OF THE UNION OF SCIENTISTS — RUSE VOL. 8 / 2011]
24



http://www.sciencedirect.com/science?_ob=ArticleURL&_udi=B6TYC-4XH5MR3-1&_user=9449500&_coverDate=08%2F31%2F2010&_alid=1393165765&_rdoc=82&_fmt=high&_orig=search&_cdi=5615&_sort=r&_docanchor=&view=c&_ct=655&_acct=C000057942&_version=1&_urlVersion=0&_userid=9449500&md5=6e98118a373ef0be5cecfc70dfde75b9#bbib8
http://www.sciencedirect.com/science?_ob=ArticleURL&_udi=B6T8B-4RPD7D5-7&_user=9449500&_coverDate=05%2F31%2F2008&_alid=1393438405&_rdoc=42&_fmt=high&_orig=mlkt&_cdi=5082&_sort=v&_st=17&_docanchor=&view=c&_ct=6742&_acct=C000057942&_version=1&_urlVersion=0&_userid=9449500&md5=81f4c6342e24a12ff4c76daf17144eda
http://www.sciencedirect.com/science?_ob=ArticleURL&_udi=B6T8B-4RPD7D5-7&_user=9449500&_coverDate=05%2F31%2F2008&_alid=1393438405&_rdoc=42&_fmt=high&_orig=mlkt&_cdi=5082&_sort=v&_st=17&_docanchor=&view=c&_ct=6742&_acct=C000057942&_version=1&_urlVersion=0&_userid=9449500&md5=81f4c6342e24a12ff4c76daf17144eda
http://www.sciencedirect.com/science?_ob=ArticleURL&_udi=B6TYC-4XH5MR3-1&_user=9449500&_coverDate=08%2F31%2F2010&_alid=1393165765&_rdoc=82&_fmt=high&_orig=search&_cdi=5615&_sort=r&_docanchor=&view=c&_ct=655&_acct=C000057942&_version=1&_urlVersion=0&_userid=9449500&md5=6e98118a373ef0be5cecfc70dfde75b9#bbib1
http://www.sciencedirect.com/science?_ob=ArticleURL&_udi=B6T19-4PF0XHK-1&_user=9449500&_coverDate=11%2F30%2F2007&_alid=1393438405&_rdoc=40&_fmt=high&_orig=mlkt&_cdi=4885&_sort=v&_st=17&_docanchor=&view=c&_ct=6742&_acct=C000057942&_version=1&_urlVersion=0&_userid=9449500&md5=233d9f823041780ae1e5e1a7fe16c721
http://www.sciencedirect.com/science?_ob=ArticleURL&_udi=B6T8B-4FF9548-13&_user=9449500&_coverDate=02%2F01%2F2005&_alid=1393438405&_rdoc=35&_fmt=high&_orig=mlkt&_cdi=5082&_sort=v&_st=17&_docanchor=&view=c&_ct=6742&_acct=C000057942&_version=1&_urlVersion=0&_userid=9449500&md5=1cc57d18633b9d6aada7934604597a0e
http://www.sciencedirect.com/science?_ob=ArticleURL&_udi=B6T8B-4FF9548-13&_user=9449500&_coverDate=02%2F01%2F2005&_alid=1393438405&_rdoc=35&_fmt=high&_orig=mlkt&_cdi=5082&_sort=v&_st=17&_docanchor=&view=c&_ct=6742&_acct=C000057942&_version=1&_urlVersion=0&_userid=9449500&md5=1cc57d18633b9d6aada7934604597a0e
mailto:vevtimova@uni-ruse.bg
mailto:v.evtimova@gmail.com

ISSN 1311-9974

771311

997006




	a-koritza
	b-koritza_editorals
	EDITORIAL BOARD
	Editor in Chief
	Managing Editor
	Members
	Assoc. Prof. Petar Rashkov,  PhD
	Assoc. Prof. Nadezhda Nancheva, PhD
	Assoc. Prof. Margarita Teodosieva, PhD
	7000 Ruse
	BULGARIA
	PROCEEDINGS
	of the Union of Scientists – Ruse





	c-Sadarjanie
	Mathematics
	REFERENCES

	Informatics
	METHODS
	IMPLEMENTATION 
	SYNTEZIS OF A ADVANCED APPROACH FOR HIERARCHICAL ORGANIZATION OF WSN IN CLUSTERS OF UNEQUAL NUMBER OF SENSOR MOTES 
	SIMULATION EVALUATION OF THE METHODS FOR HIERARCHICAL ORGANIZATION OF WSN

	INTRODUCTION
	LAYOUT
	CONCLUSIONS AND FUTURE WORK
	REFERENCES
	REFERENCES

	Physics
	Galina Krumova
	INTRODUCTION
	Fig. 1. а) Microstrip line (d is the thickness of the dielectric slab, w and t are the width and  thickness of the strip conductor);  b) Reversed microstrip line; c) Embedded microstrip line (dd is the plunging of the strip conductor) .
	ПРЕСМЯТАНЕ НА ХАРАКТЕРИСТИЧНИЯ ИМПЕДАНС НА МИКРОЛЕНТОВА, ОБЪРНАТА И ПОТОПЕНА МИКРОЛЕНТОВИ ЛИНИИ
	Galina Krumova
	CONCLUSION



	education
	REFERENCES
	INTRODUCTION
	DIFFICULTIES IN LEARNING PROGRAMMING
	CHARACTERISTICS OF NOVICE PROGRAMMERS
	VARIETY ASPECTS OF PROGRAMMING
	THE ROLE OF ALGORITHM ANIMATION AND VISUALIZATION TOOLS IN NOVICE PROGRAMMERS INTRODUCTORY COURSES
	FLOWCHARTS
	A TOOL DESIGN FOR ALGORITHM ANIMATION
	A flow chart creation
	Variable handling
	Algorithm animation
	Conclusions and future work
	CONTACT ADDRESSES



	SU-Ruse-Phys-NN-spisanie_2011
	Requirements and guidelines for the authors

