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Abstract

In times of acute scarcity, demand for a commaodity greatly exceeds its supply. In such
situations, queuing mechanisms are frequently used to allocate scarce goods to citizens.
However, inordinately long queues lead to excessive wait times and this can lead to violence.
As such, the general purpose of this paper is to theoretically analyze the problem of
preventing violence in a queuing context. To this end, we first formulate a queuing model
with a finite capacity. Next, we determine the smallest capacity that will keep the likelihood

of violence below an exogenously specified value. Finally, we illustrate the working of our
model with a simple numerical example.
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1. Introduction

In many countries and especially in developing countries, it is common to use queuing
mechanismsto allocate commoditiesor goodsto citizens. Examples of goodsthat are often allocated
in this manner during normal economic times include rice,* groundwater,? and banking services.® A
basic feature of these goods allocation mechanismsisthat they involve waiting in line by citizens. In
other words, citizens haveto actually wait in queueto obtainthegood that isbeing allocated by either
apublic or aprivate provider.

These queuing mechanisms take on particular significance during times of acute scarcity
brought on by one or more governmental policies. In fact, during such difficult times, it isfrequently
the norm in many developing nations to allocate the available supplies of the relevant scarce goods
by means of the aforementioned queuing mechanisms. What is important for our purposeisthat in
times of acute scarcity, demand for a good greatly exceeds its supply. As a result, if a good
characterized by excess demand isto be allocated to citizens by means of aqueuing mechanism then,
in the time period of interest, it isimportant for a public or a private provider to regulate the length
of the queue. Concrete examples from two different countries show why.

In recent times, President Hugo Chavez's desire to bring the powerful state owned oll
company Petroleos de Venezuela (PDV SA) under his influence has caused considerable political
turmoil in Venezuela. As the Economist (Anonymous, 2003a) has reported, there was an acute
shortage of both cooking gas and petrol. As aresult, in some provider facilities, there were queues
of citizens that could be measured not in hours but in days. This situation gave rise not only to a
secondary market for places in the fuel queues but it also resulted in considerable economic unrest
and violence.

As a second example, consider the case of contemporary Zimbabwe. Because of President
Robert Mugabe's misguided policies, Zimbabwe is in poor economic shape. As a result, many
essential commodities are in short supply and it is routine for both public and the remaining private
providers to allocate these scarce commodities by means of queuing mechanisms. The Economist
(Anonymous, 2002; 2003b) describesinstanceswhere queuesfor essential commoditieswereso long
that the frustrations of Zimbabwean citizens boiled over and this led, as in Venezuela, to violence.

Theexamplesinthe previoustwo paragraphstell uswhy it isessential for apublic or aprivate
provider to regulate the length of the relevant queues. As areferee has suggested, it can be useful to
think of inordinately long queues—that result in excessive wait times—as a necessary condition for
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violence. In addition to this, adeteriorating law and order situation and/or corruption can also lead
to violence.* Given this discussion, it is clear that if the provider of a scarce good by means of a
gueuing mechanismisto prevent violence then, in the germane time period, (s)he should be able to
regulate the capacity of the queue. Such an action effectively caps the length of the queue and this
prevents the phenomenon of overly long citizen wait times.

Despite the obvious importance of the question of optimally determining the capacity of a
gueue in the context of the allocation of scarce commodities, to the best of our knowledge, this
question has received scant attention in the economics literature. Lui (1985) and more recently
Batabyal and Nijkamp (2004) and Batabyal and Y 0o (2004) have used queuing models to analyze
bribery and corruption. Although all three of these cited papersrefer to the optimal queue capacity
determination question, they do not explicitly analyze this question from the standpoint of the
prevention of violence. Consequently, the general purpose of our paper isto theoretically analyzethe
problem of preventing violence in a queuing context.

The rest of this paper is organized as follows. Section 2 delineates a Markovian queuing
model® with finite capacity. Section 3 first determines the smallest capacity that will keep the
likelihood of violence below an exogenously specified value. Next, thissectionillustratestheworking
of our model with a simple numerical example. Section 4 concludes and then discusses three ways
in which the research of this paper might be extended.

2. The Queuing Theoretic Framework

Consider aparticular regionwithin adeveloping country in atime of acute economic scarcity.
Within this nation, we focus on apublic or private provider who isin charge of allocating an essential
but scarce commodity to citizens. It takesthisprovider arandomamount of timeto allocatethe good
in question to citizens. We suppose that this random alocation time is exponentialy distributed with
parameter B.° To obtain the good under study, citizensarrive at our provider’ sfacility in accordance
with a Poisson process with rate a. They then join aqueue and wait inthis queue until it istheir turn
to be served by the provider. In the parlance of queuing theory, our provider isthe single server and
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We are not suggesting that long queues will always lead to violence. In fact, in the next paragraph, we explicitly model this aspect
of the problem by supposing that the occurrence of violence is a probabilistic event. Inthisregard, it is aso helpful to recognize
that in planned economies such as the former Soviet Union and Chinabefore 1978, there often were long queues but such queues
did not always lead to violence.
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In queuing models, it is very common to assume that the service times (in our case the good allocation times) are exponentially
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we are analyzing a variant of the prominent model known as the M/M/1 queuing model.’

To model the problem of preventing violence, suppose that whenever the total number of
citizens in our provider’s facility exceeds a capacity C, there is violence because this provider is
unable to allocate the commodity in question in a reasonable amount of time. From the perspective
of the waiting citizens, this violence occurs because the queue length istoo long and hence the wait
times to obtain the commodity being allocated by our provider are excessive. Now, note that the
occurrence of violenceis not a deterministic but a stochastic event. Therefore, we suppose that our
provider would like to keep the likelihood of violence below some exogenously specified value.
Because this exogenously stipulated value is a probability, we can always write this probability as a
fraction 1/x where x>1.8

The reader will note that the focus of our provider is on the length of the queue and the
probability 1/x. As such, we have to have some criterion under which the smallest capacity C will
be computed to keep the likelihood of violence below 1/x. Given our queuing theoretic approach to
the problem of preventing violence, the most reasonable such criterionisthe steady state probability
distribution of the queue length.® Given this criterion, we are now ready to state the central question
of this paper and that question is this: What is the smallest capacity C that will keep the likelihood
of violence, under the steady state probability distribution of the queue length, below an exogenously
specified value 1/x? We now proceed to answer this question.

3. The Prevention of Violence

3.1. Optimal capacity determination

We begin by describing the concept of a steady state probability. To thisend, let Y(t) bethe
number of citizensin our provider’s facility at time t. Then, the steady state probability P, tellsus
the probability, astime approaches infinity, that there are exactlyk citizensin the provider’ sfacility.
Mathematically, we have

P.=lim__Prob{Y(t)=k}, k=0,1,2,... Q)

Now, fromequation 2.9 in Taylor and Karlin (1998, p. 549) we conclude that when the citizen arrival

rate to our provider’s facility (o) is less than the parameter (B) of the exponentialy distributed
random commodity allocation time, steady state probabilities for the queue length exist and they are
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Asan example, if our provider would liketo keep thelikelihood of violence below 0.01 then x=100 and the relevant fraction would
be 1/100.
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given by®
P —(1- %) (%) k=0,1.2.... 2
(= B)(B) @)

We are interested in determining the smallest capacity C that will keep the likelihood of
violence, under the steady state probability distribution of the queue length, below the exogenously
specified value 1/x. Mathematically, we seek the smallest C for which the condition

Y pa(dyeril 3

k=C+1 B X

holds. The inequality in (3) above can be expressed in a more convenient form by first taking the
logarithm and then simplifying the resulting expression. After several steps of algebra, we find that
the smallest C satisfies a particular inequality and that inequality is

I
C+1> 09

>—— 4)
log(B/o)

Inspection of the inequality in (4) tells us that the smallest C we seek depends on the Poisson arrival

rate (o), the parameter of the exponentially distributed commodity allocation time (B), and the

denominator (x) of the exogenously specified probability (1/x).

We can think of the rate (o)) as a demand parameter. Looked at in this way, the magnitude
of this parameter tells us the level of demand for the good being allocated by our provider. Similarly,
the parameter () can be thought of as an efficiency parameter for the supplier, i.e., the provider.
Interpreted in this way, as the magnitude of () increases, the mean good allocation time decreases
and hence the efficiency of supply increases. The inequality in (4) and this discussion together tell us
that in a time of economic scarcity for the commaodity under study, a provider who wishes to keep
the likelihood of violence under the steady state probability distribution of the queue length below 1/x,
will choose the capacity of the queue in such a way so that this capacity plus unity is at least as big
as the ratio on the right-hand-side (RHS) of the inequality in (4). Now, it should be clear to the reader
that the ratio on the RHS of (4) is, in fact, a function of the aforementioned demand and supply
efficiency parameters. We now provide a numerical example to show how our basic result might be
operationalized in a specific circumstance.
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In the remainder of this paper, we assume that a<f holds. Without this condition, the queue length would be unbounded and, as
such, it would not be possible to meaningfully analyze the M/M/1 queuing model.

4



3.2 A numerical example

Suppose that citizens arrive at our provider’s facility in accordance with a Poisson process
with rate a=2. Further, let the parameter of the exponentially distributed commodity allocation time
be B=3. Finally, suppose that our provider would like to keep the likelihood of violence below 0.001.
Clearly, 0.001 can be written as 1/1000 and hence x=1000. Now substituting a=2, =3, and x=1000
in the inequality in (4) tells us that the smallest C satisfies

.1, 109,(1000) '6.9078 _
- log(3/2) 0.4055

17.0353. (5)

It should be clear to the reader that the smallest C must be a positive integer. Therefore, inspection
of the expression in (5) above tells us that when (a, B, X)=(2, 3, 1000), the smallest C equals 17.
In other words, if the likelihood of violence is to be kept below 0.001 then, in the time period of
interest, once seventeen citizens have entered the provider’s facility, (s)he should not allow any more
citizens in.

4. Conclusions

In this paper, we provided a theoretical perspective on the violence prevention problem
confronting a public or private provider in times of acute scarcity where queuing mechanisms are used
to allocate essential commodities to citizens. In particular, we first formulated a queuing model with
a finite capacity. Next, we determined the smallest capacity that will keep the likelihood of violence,
under the steady state probability distribution of the queue length, below an exogenously specified
value. Finally, we used a simple numerical example to show how the result of our analysis can be
operationalized in a particular setting.

The analysis of this paper can be extended in a number of different directions. Inwhat follows,
we suggest three potential extensions. First, intimes of economic scarcity, quotas are sometimes used
to allocate essential commodities. In our queuing theoretic analysis, the idea of a quota was implicit
but not explicit. To see this clearly, note the following. In the first paragraph of section 2, we said that
it takes a random amount of time to allocate the commodity in question to citizens. One way to
understand why it takes a random amount of time is to suppose that our provider has to first
determine what a particular citizen’s quota for the good in question is and only then is (s)he able to
provide the good to this citizen. A more explicit way of modeling the quota would be to posit that
the provider’s random allocation time is exponentially distributed not with parameter () but with
parameter (gpB), where ge(0,1) measures the magnitude of the quota. Inter alia, this way of
modeling the quota would make the allocation time parameter a smaller number and hence the mean
allocation time would be a bigger number to allow for the fact that the commaodity in question can
be given to a citizen only after the quota has been determined. Second, we studied one kind of
violence prevention problem, i.e., the prevention of violence stemming from excessive wait times
which in turn arise when queue lengths are inordinately long. A second kind of problem arises when



citizens who have been shut out from the provider’s facility engage in violent acts to get into the
facility. Consequently, one way to extend the analysis in this paper would be to study a model in
which the possibility of both kinds of violence is explicitly modeled. Finally, we studied a queuing
model in which we implicitly assumed that the provider is not venal. However, as the analyses of Basu
et al. (1992), Kulshreshtha (2003), and others have shown, in many developing countries, this
assumption is untenable. Therefore, it would be useful to extend the model of this paper to include
the case in which citizens pay bribes to increase the admissible length of the queue. Studies that
analyze these aspects of the problem will increase our understanding of the connections between the
allocation of essential commodities by means of queuing mechanisms during difficult economic times
and the problem of preventing violence.
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