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Consequently this category represents the largest drain on Response

'Force resources. Lastly, through the quality of service, the third

objective is affected. ' ok

MEASURES OF EFFECTIVENESS

What should the measures of effectivenees for the Response
Force be?

The police department with respect to the first objective seeks
to minimize the threat of crime dieutility to an individual in the city.
It is impossible to determine fhe number of crimes prevented as a
consequence of a certain allocation of resources. The only observ-—
able ?alues are the total number of criminal events for each crime
type (the level of crime)vand the ratio of responses resulting in an-
arrest to total number of responses to criminal events. The only
way that the Response Force can affect the level of crime (by definition)
is by arrests.g/) To be consistent with the overall depaftment ob-
jectives, the Response Force objective should be to maximize the
crime disupility represented by the offenders arrested.

| A refinement of this measure of effectiveness should, if possible,

be included; The quality of arrests is an important factor. That
is, did the court dismiss the case because of incorrect behavior
by the arresting policeman?v The measure of effectiveness then be-

comes to maximize the crime disutility represented by the cases of

- offenders not dismissed by the court for "incorrect" police action.

This measure would permit a more realistic qualitative evaluation of
performance than is possible at present. Both the type of crime

and the quality of police performance are represented. ¢
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- Examples of tradeoffs to be evaluated are:

l.

How many polide units should be used for a trapping
procedure ﬁersus having them available to respond
to a call for service?

Should stacking of calls be permitted (tradeoff
between public service and probability of appre-

hension)?

A partial measure of effectiveness of the Response and Preventive

- Forces is the probability of apprehension.

The probability~of apprehension (Pé)«can be defined in

terms of:

lﬂ

The conditional probability of identification (PI)'
given detection of the event;

the conditional prqbability of detection (P2)_given
space/time coincidence;

the conditional probability of space/time coincidence
(Pst) for the preventive forcef.given an event; and
the elapsed time between the occurrence of an event

and the arrival of the police (At).

Thus, the probabilities of apprehension for the Preventive Force

and the Response Force can be expressed as follows for each type.

4/ :

of index crime:

1. Preventive Force. .

Pa = f (PI,.Pd,

2. Response Force

P ,A¢t)
st_“

_Pa =g (PIIAt) . ) J
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Comparing'the two forces, thg Preventive Force has a low
probability of being at the scene and a low probability of
detecting the event. However, the elapsed time will be less
" than had the Response Force responded and for certain types of
events the probability of apprehension may, as a result, be higher
for the Preventive Force.

The probability of detection for the Response Force is by
definition equal to unity and the probability of identification
should be identical for the two forces. The elapsed time is
likely to be longer for the Response Force.

The important question is how should the two forces be
deployed? That is, what the tradeoff functions with respect
to different tYpes of activity?

Central to the study of the Response Force is the concept of

elapsed time. ~ The elapsed time between the occurrence of an

.event and the arrival of police at the scene is influenced by
thfee factors: |
| 1. The interval between the time of occurrence and the
. Communications Center is notified.
2. Elapsed time between the arrival of a call in the
Communications Center and the‘assignment of a beat car.

3. Travel time of a beat car to the'scene.

The police can influence the first factor by active publicity
campaigns soliéiting citizen cooperation in the detection of crime
and timely reporting. "Operation Crime-Stbp", initiated by then
Superintendent Orlando Wilson at the Chicago Police Department

is' a good example. The other two factors are under the direct
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control of the Department. This section will concentrate on
the second factor enumerated above.

A special study was carried out at the Chicago Police
Department to determine the different time intervals. The
study focused on robbery calls for service in the second

district. Partly because robbery is a large volume crime,
partly because it is the ohe crime for which the time of
occurrence is more likely to be known and the incident reported
as soon as possible,

The average response time for each interval and its mode

were: :
' Average Mode
Time of occurrence to '
Communications Center
notification. 18.09 min. - 1.0 min.
Communications Center
response time. ' 3.18 1.5
Field response. 5.77 o 2.0
Total police response -~ 8,95 3.5

At the Chicago Police Department, public service is presently
a completely exogenous demand on police resources. In St. Louis
calls are screened by'a police officer in an effort to determine
the utility of the police service that would be rendered. Note
that the police department has an objective éalled community
sﬁpport (i.e., goodwill), so that it is in the department®s
interest to attempt a balance between the drain of public service

calls on police availability and the goodwill that it generates.
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The measure of effectiveness of public service, from a

police department resources allocation point of view, should

be the amount of goodwill generated for the department. A

proximate measure would be the number of calls for service and

the

as

THE

quality of serviée.given. By quality is meant dimensions such

Was the officer courteous; was the service time appropriate?

PROBLEM

two

The resource allocation problem of the Response Force has

dimensions:

l-'

How to allocate resources within the Response Force

so that the efficiency of carrying out crime control

and public service activities is optimized?

How to allocate resources among competing subsystems, "

so that the effectiveness of the department with respect

to crime control and public service activities is

optimized?

The current state of the art is not advanced enough to permit

5/

evaluation of force mixes. There do not exist models of the

6/.

effectiveness of each force with respect to different crimes.

Demands for service in space/time;
Positioning‘of forces in space/time;
Assignment rules;

Organizaﬁional variables (such as supervision, car
maintenance policies, . etc.);

1/

Communications Center response time.



DEMAND FOR SERVICE

In order to optimally allocate patrol'manpower in space
" and time with respect to future demand, it is necessary to be
able to forecast demands for servige. Various technigques are
available to do this.

The Philadelphia Police Department has tried to use multi-
dimensional analysis and multiple regression techniques.g/

The former technique assumes that crime occu;rencé can be pre-
 dicted_from-factors which co-occur with crimes. The objective
would be td input values of crime factorsAand determine a
probability of a qertain.crime type océurring at a given space/
time." | ,

_ 9/

The St. Louis Police Department uses an exponential
smoothing technique to forecast calls for service. The smoothing
process incorporates seasonal, daily and hourly adjustment factors
to genérate hourly calls for service.

The St. Louis Projéct reports that the variation in the
predicted number of calls for service adcounts for approximately
90% of the totél‘variation.

A lineax prediction model has been tried at the Chicago
Police Department. Adjustment factors were calculated for
hourly, weekly, and £rend effects. The predictions were
surprisingly'accurate,-proving that demands fo?-service are

10/
generated by a stable system..



POSITIONING . PROBLEM

The positioning problem (or manpower distribution problem)
has two dimensions. One is the assignment of police units to
sectors (in Chicago called districts); the second their initial

positioning within the sector (the beat structure). .

11/
There exist several possible criteria for assignment: .

l. Equalize workload,
2. Equalize weighted workload,: \
3. Minimize response time,
4, Minimize weighted responsé time,
5. Minimize delay before a car is available fbr assignment, .
6. Minimize travel distance, -
7. Allow maximum travel time of five minutes and similar
workload per car,
8. Minimize emergency response time subject to a given
service—level for all other—calls.
Equalizing workload usually means determining a workload
such as four calls/watch/car and then dividing total number of
calls over a given peridd bf fqur to determine the number of
units needed. ﬂ
The current method of allocating peisonnel at the Chicago
Police Department. is a somewhat simélified version of Wilson's
distribution method as developed in his book Police Admihistration.ig/
The objecﬁive function bf his method is to equalize, as far

as possible, the weighted workload for each beat car. The work-.
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load is a function of calls for service, required premise checks,"
and preventive patrol. Preventive patrol is a function of mis-—
conduct hazards, which are assumed to be reflected in the volume
of calls for service.‘ Thé worklcoad criterion is a rough assign-
ment guide. Optimally it results in an equal workload but in
unequal service level.
Further refinements are possible by uéing response time as

'a criterion. The appropriate analytical technique is gqueuing theory.
The advantage is that instead of only using averages, as- the
‘previous method, it views demands for service and police response
as a stochastic process. |

- The queuing theory approach focuses on the availability of
cars. To minimize response time, one seeks to minimize the expected
average delay before a car is available for dispatch within a
given sector. The St. Louis Project used a Poisson input, negative
' exponential service time, multiserver queuing model (m/m/M).
Each district is considered as having M parallel channels, where M
represents the number of beat cars. It is possible to refine this
analysis to include.priority queues. This is a very realistic

step as it is important that emergency calls be answered quickly,
13/

while certain calls can wait. A two=priority queue was used
with Chicago data. Defining a no-wait policy as a l0-second, mean

waiting time, with 30% of total calls in the high priority category,
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it was shown that a priority system did not result in great

" savings under normal circumstances. The most important factor

was the average service time. Hdwever, under circumstances

when half the Response Force Would be mobilized for civil dis- 5
orders, the two-priority system is a necessity.

Richard Lafs%%/uses a weighted response time criterion.

He assumes interdistrict dispatching and zero delay before a car
is available, and minimizes travel time.

Thé difficulty with the queuing theory applications lie
with the assumptions that have to be made to make the mat?e-
matical models tractable. Lafson showed, that for Bosto%—/
the assumption of Poisson input was a good approximation. In
most cases the Chi-square test for the Poisson‘hypothesis was
significant at the 0.05 level. His exponential serviée times
did not fit the real world data very well.’

The eight criterion is the most appropriate one. There are
very few calls‘for service, less than 6%, which place a premium
on fast responsé. However, this criterion introduces a diffiéulty.
All three forces are expected to respond to an emergency call.
This makes it necessary to consider all forces when evaluating
emergency response. The key factor is® the availability of
police unit in an an area in order to achieve a fast response.

To fully evaluate'Response Force performance, it is necessary
to know:

1. ‘Probability of arrest versﬁs‘response time;

2. Response time as a function of availability;
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"holding the performance of the other two
forces constant; and

3. Function of availability to Response Force

workload, strategy and tactics.

The following'sections deal with the second and third
aspects ébove. There exists little reliable data on prbb-
ability of arrest versus response time at the Chicago Police
Department. The response times gathered were, at best} only
accurate to the nearest minute and were obtained on a vo;untary basis.
There.was, therefore, a strong reason to expect that emergency
responses would be underrepresented in the sample.

How should a Response Force be positioned and what assign-
ment rules shbuld be»usedvfor selecting a car to service a call?
There exist no models for evaluating the initial positioning
of police units once the sector assignment has been made. The
beat structure provides a rough positioning tool. The assign-
ment rule is usually left to the individﬁal dispatcher. Most
often, with a beat car structure it entails a center of mass
dispatching strategy. That means, that if the beatcar is not
busy, it is assuméd to be positioned at the center of its beat.
This is erroneous, of course, but no other information is avail-
.able with a beat structure. There are complications. For
administratiye reasons interdistrict disPatching is not allowed
except for emergencies, when the disfrict is out of cars.
Another difficulty is the jﬁdgment of how many men/cars to

e ——— T —— e
send in on the call. '
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SIMULATION MODEL OF FIELD RESPONSE ACTIVITIES

The application of a simulation approach is ideal. It
is very difficult to carry out the experiments in the real |
world; partly because of the undesirability of ill effects
if the experiment failed, partly because of the difficulty
of collecting data on system performance. A simulation model
becomes a very convenient tool when evaluating a large set of
alternatives. Once the better alternatives have been found,
they can be tested in the real world.

It was pointed out earlier that a model should permit
evaluation of:; |

1. Denandsvfor service in space/time (i.e.,

stacking) ;
2. Positioning of forces in space/time (i.e.,
beat structure) ;-
3. Assignment rules (i.e., center of mass versus
car locator system, interdistrict dispatching); and
4. Organizational variables (for example, a de-
crease in service time, more on-beat patrél;
less car down time for repairs on the third
shift, etc.).
The Model.

The simulation model has a modular structure developedb
to accommodate all of the above alternatives. What outputs
are desired'froﬁ the model?. The model should permit_gn evalu-

16/
ation of center of mass and car locator dispatching strategies
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forvdifferentbaltefnatives. The evaluation of the benefits

of a car locator system is important, because it is a fashion-
able hardware item fer pblice departments. The system
represents a greaflcommitment of resources and its possible

benefits are not too well understood.

Each output from the model includes response time dis-
tributions for both strategies for the alternative being
evalueted. This has the advantage of facilitating comparison, as
all stochastic elements for both alternatives will have the
same value. In additien, the travel distance saved by the
car locator system is exhibited.

For validation purposes, the model provides operational .
information such as:

1. Percentage of calls answered by beatcar or

disﬁfictcar respectively;

2. Average number of calls/car/district;

.3. Minutes spent on calls for service and admin-

instrative calls; and |

4. Number of car services, car repairs, lunches,

and personnals taken.

To judge'system performance (i) average availability
(for the syetem as well as district fourteen) and (ii) the
probabilitylof_choosing the closest car using center-of-mass

dispatching strateqgy is computed.
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The scope of the model has two dimensions; the number of
districts and the set of activities to be included. The focal
point of the simulation-model 1s the—fourteenth district and
its surrounding districts (eight districts in all).

An administrative experiment was cérried out in the four-
teenth district and it was desirable to have a controlled
environment (i.e., simulation model)uto compare real world
results with. The experiment generated a great amount of data
which was used to validate the model. Including the surround-
ing service police districts,Jmade-it possible to handle the
interdistrict dispatching problem; The scope of activities
includes the handling of'calls for service and administrative
down time. In addition, preventive pa£rol activities are
modeled, so that car position can be determined when the car is
considered for assignment.. It is convenient to include the extra
waiting time in thé diSpatch queﬁe as a result of stacking pro-=
cedures. Screening is easily handled by reducing the exogenous
events.

There are twoitypes of entitieé in the system. The first
one is the beatcar. 1Its thirteen gttributes are:

| 1. Reference point x.
2, Reference point y.
3. Delta‘x for rectangle specification.

4. Delta'y for rectangle specification.:
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5. Number of officers in car.
6. Availability, O=5usy,'1=available, 2=not in service.
7; Car is O=outside beat, l=inside (uniform), 2-inside
(constrained uniform).

8. Current location x.
9. ‘Current loqation Ve

10.. District..

11. Beat.

12. | Time of last computation of location;

13.  car lunch.

Attributes one t?rough fdur define the beat. It is assumed to

be rectangular. 'The reference points x and y represent the

el // (‘XN—)

—’

6—&7

center-of-mass of the beat. Delta k and Delta y are the dis-
tancesfroﬁ the center to the beat boundaries.

The next attribute refers to how many men are assigned to
the car. This is_nééessary as input to the car assignment sub-
routine. Availability provides information on car status. If
equal to two, the car is not in service that eveningf Attributes
number 7, 8; 9 and 12 are necessary for determining the position
of avéilable cars in the system. These Qill be discussed further.
in the positioning subroutine section. .Attributes 10 and 11

permit the program to géther statistics on car performance and
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and relate this to the admiqigtfat;zg structure of district and

—_—

R
g o

beat numbers. The last item is a control variable to keep track
of how many personnals a car has had and if he has had lunch.

_This is done conveniently through the following coding:

Number of Personnals

Car

: 0 1 2

Lunch :

' 'No 0 2 5
Yes 1 3 4

The second entity is the call~for-service which-has the follow-
ing attributes: | o | o
Input formaﬁ 6f ekogenous events
1. Type of event radio dispatchﬁl-89;l_ ,i f
2. Timeout. R
3. Timein.
4. Beat of occurrence.
5. Arrest, l=arrest; =n92arrestg ;'
6;l Quadrant. ' u |
7.: X location.
9. Day
10. . Number of cars. _
'11.  Number of men needed (1, 2, 3, 4).
.By fype of‘evehﬁ\is meant the thirteen cafegory coding used by the
Police Department for index crimes, miscellaneous noncriminal cases
etc. The timeout and iimein items schedule the event and provide
the service time for handling’thebcall, The_arrest'variable is

\
|
y
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necessary So the car is taken out-of-service for handling the
arrest, which usually amounts to one hour and one-half. The
next three determine the location of the event. The ninth item
is included to permit simulation of more than one day at a time.
The last two factors represent the actual number of cars and |
the number of men assigned to the call. This is used in the
assignment routine to determine the number of cars to dispatch.
- The structure of the program can be seen in figure 1. Actual
calls for service are used, characterized as to location, time and
type. And whether there was an arrest.

The initialization routine sets parameters and zeros out
the necessary lists. It reads in the caf.attribuﬁes._ The
advantage of this arrangement is that alternative beat structures
can easily be specified. The clock routine scheduled the events,
either calls for service or administrative calls. If the former,
screening or stacking may be employed before the call is assigned
to a car.

| Assign calls subroutine Cars. Given the number of men

needed, Cars chooses a car (or carss accoxding to the assign-
ment rule specified. "That is, a ranked list is.produced, of
distance between available cars and the event, based on a center-
of-mass strategy.

To generate the actual travel distance for the assigned car.
Assign calis Position, which generates the actual location of all
available cars. This routine is really the heart of the whole |

simulation. -
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-Assume a rectangular beat with its center at (x,y) and sides .

2.Delta y and 2 Delta x.

%M QAXA ..\

oday

Three main cases can be distinguished for generating a car's

location.

Case I:l.The Uniform Case. If item seven of the car attributes_'
is equal to one,.the car is patrolling inside his beat. His
‘location can be’determined by a drawing from a uniform dis-
tfibution (Randin).

Randin (x =-3x, xX+2a%)

li

xloc

Yloc Randin (y -3y, y+ay)

Case II: The Constrained Uniform Case. If a car is assigned

to a call inside his beat item seven is set to 2, item 12 to

the time when he comes back up and items 8 and 9 to the coordin-
ates of the event. Naturally the car's position after he
-becomes available is a function of’the'time that has passed since
he came back up. His location can be generated by determining
the union of the beat rectangle and the rectangle, the sides

of which are equal to time elapsed.since his last known location
times speed of travel. It is now ppssible to generate his

location with a uniform distribution as before.
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Case III: Outside Beat. The more difficult case appears when
the car is assigned outsidé his beat. Item seven of the car
attributes is set equal to 0. As before, the coordinates of
the event are stored and the time is entered in item 12. -

Three distinct alternatives are apparent:

(yx)

B o C

17/ .
The car may be in the general direction of A, B or C )/ We

assume that the car returns by the shortest route to his beat
and that there is a rectangular street grid.

Alternative I. From point A the car will proceed along

the same y-coordinate until the boundary of the beat is reached.
If not enough time has elapsed to reach the beat boundary, his
location will be: (x + time °* speed, y). If there is additional
time, item seven is set equal td two, item 12 is set equal £o
the travel time needed to reach the boundary plus the original

time and transfer to case II is made.

Alternative II. The same calculations are performed for

the y-coordinate for an initial position of B.

Alternative III. For the third alternative C, some sim-

plifying assumptions are made. The car is assumed to travel

north/south or east/west until his extended beat boundary is
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reached,’at which he follows the boundary to the beat corner.
The initial direction‘is determined by a random function with
50% chance for either direction. As before, the distance to
be covered is determined from fhe time and speed. When the
car reaches the beat boundary, proper transfer is made to Case II.
After the actual locations of the cars have been determined, .
a ranked list, like before, is generated.  This time,  however,
the list is based on the actual locations of the cérs. ‘The
same assignment routine with the same assighment rules is called
(thoﬁgh the cars are not actually assigned). .The distance
(response time) for cars assigned undér either strategy is saved
to generate the response time distribution.
Adminisﬁrative palls are events such as:
1. Cér service (gas).
2. Car repair (radio, tires, engine).
3.“Personals.
4. Lunch.‘
The initialization routine takes 25% of the cars out of service,

as soon as the watch begins, to fill their tanks. The rest of

e Te——

the car serviées'are taken during the watch. When each car
becomes available after a call for service or administrative
call, a uniform random number betweenfone'énd sixty is drawn to
deterﬁine the number of minutes untii the car should try to take
a personal, lunch or car service. |

The distribution of lunches as a function of time, were

used to determine cumulative probability functions
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for taking a car out-of-service. The service time was a
uniform number between-lO and 20 for personnals and car
service and a@llempirical distribution fér lunches (see figure
14). |

Validation. Ideally, the simulation model should be com-
pared with actual response times and key qharacteristics of
the real world for all eight districts. A great obstacle is

18/
the fact that there are too many unknown parameters:

1. Return-speed;—-_
2. return route;
3. response speed; and
4' start-up time.

When a beatcar has been assigned outside his beat, his position,.

on returning to his beat, is a function of return speed and the

route taken. The beatcar is supposed’ to return by the shortest

route and4carry out preventive patrol inside his beaf. B
The patrol speed of a Task Force patfol unit is 9.2 mp%%/

To determine the actual speed of Response Force cars, pétrol cars

were asked to give their location when assigned. Xnowing the

- response time permitted the determination of the response speed.

The average speed was_é.S mph. This clearly indicates that a

location was given which represented where the officer:thqught

he ought to have been. 1In fact, both the response speed and

‘the distance covered were higher.; The conclusion must be that

the shortest route back to the beat is not taken or thatvthe

patrol car does preventive patrol outside his beat.
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Neither the response speed nor the start-up time are
known. The start-up time represents the time for receiving
the assignment and-reporting time of arrival to the dispatcher.
It is necessary to include this so that comparisons can be
made with actual response timég{ The start-up time is set
equal to 30 seconds. Fixing the return speed at 9.2 mph and
determining the response speed which yields the best responsé
distribution fit to reai data, yields 9.6 mph and a start-up
time of one minute (Chi-square is 6.00 for 15 degrees of
freedom, which is significant at 2.5% level). It is unlikely
~that the response speed will be similar to the patrol speed.

The dilemma is resolved by assuming that department policy
is followed. After completing an assignment, the beatcar will
proceed at preventive patrol speed following the shortest route
to his beat. The response speed is assumed to be twelve mph.
Larson used this speed in his model, and experienced police
officers felt that it was a good estimate.

The simulation model therefore is a picture of what the
real world would be like under department policy and the assumed
. speeds. This is a valid problem formulation for the following
reason. The beat structure functions as a rough positioning
tool and car locator mechanism. It is this system, working as
it should, which.is compared with a car locator system for
different kinds of strategies.  The model is vélidated against

the following criteria:
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l. Percent of calls for service answered by
beat car and district car;
2. minutes spent on adminiétrative calls; and
3. number of car services; car‘repairs, lunches,
and personals. |
It is desirable that most calls be answered by the beatcar
which would be cognizant of the people and cﬁstoms.of theA
neighborhood, or at least by a disﬁrict car. The average per;
cent of calls answered by the beatcar is approximately 23% and
for £he district car 63%. However, these figures are averages
for all weekdays. The simulation model deals With the third
shift of Friday, a peak period. Consequently, a somewhat lower
percentage for beatcar and district car performance can be ex-
pected. Another consideration is that the official record does
not always indicate the first car on the scene, but rather the
car which was assigned to write the report, in most cases a beat
or disﬁrict car. The simulation would determine the first car
on the scene.’ Its percentages are 17% of calls_fof service are
answered by beatcaf and 55% by a districf car.

The simulation model generates the administrative down-
time. Two weeks of data on administrative calls were collected
in February.

Downtime is related to behavioristic parameters, so that
it is safe to assume that these data will be representative.

Appfoximately 69 minutes were spent on administrative calls
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per car/watch. The simulation model generates 64.3 minutes
.during eight hours of simulated time. The number of admin-
istrative events were:

121 car services

1 car repairs

127 lunches

162 personnals
The are 132 cars in the_simulated system and almost all need
service.during an eight hour tour. "Just about every unit had
lunch, and got at least one personnal each. It is not necessary
that all cars get two personnals or lunch; Sometimes an officer
skips lunch and personnals have to be permitted by the dispaécher.
If availability is low, permission is not granted.

Different initialization periods were used: one half hour,
one hour and one and one-half hour. A one hour initialization
period was sufficient to load the system.

The real world response times distribution for the four-
"teenth district is shown iﬁvfigure ‘2. The mean is 7;68 minutes
and the standard deviation 5.65 minutes. A comparison between
actual system (eight district) performance and that predicted
by the simulation model, following department policies, shows
that the response distributions and characteristics are remark-
ably similar. However, given the shape of the response distri—  -
bution curvé and relatively low number of observations, the

‘mode is a better characteristic for comparison than the mean.



-26-

S9INUIN . ;
(13 or 2! " Ml ! ol 3 9 b i
el
- or g
| o€
E Y Q-ﬂ .
{as. :
h -%uew
,r,. . \ _, .
| : |
SAWIL ISNOdS3d
! : Louonbouxy
LOTYLSIA HINZILYNOA -

'z ound1d



-27-

COMPARISON BETWEEN REAL WORLD PERFORMANCE

and

SIMULATED PERFORMANCE FOLLOWING DEPARTMENT POLICY

FOR THE FOURTEENTH DISTRICT.

REAL WORLD - SIMULATION

Mean Response Time _ 7.68 min.. 6.44 min.
Standard Deviation  5.65 5.81
Mode o ’ 4.00 4.00
Number of Observations 454 | ' 84
Availability 353 353

Percent of calls answered:
a. by beatcar : 23% 17%,, ~
b. by district car 63% 55%
The étatistics generated by the simulation model are random
variates. An important questibn is the change that may be
attributed to a different random number seed; Values are given
for the key characteristics; (i) mean and standara deviation
of the response time distribution and (ii) avaiiability of cars for

all eight districts and the fourteenth district in particular.
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Figure 17.

TEST OF RANDOM NUMBER SEEDS.

~ System Variable Fourteenth District’
Test 1 Test 2 ~Test 1 | Test 2
Mean Response Time 8.50 min. 7.37 min. - 5.44 min. 6.13 min.
Standard’ Deviation 10.32 7.59 5.81 | 4.99
Availability Mode’ 35% 35% 338 - 38%

It is evident that the variability attributable to the random
number seed is not great.

INVESTIGATION OF ALTERNATIVE STRATEGIES

The alternatives to be investigated are center-of-mass
(CM) and car locator (CL) stragegies with respect to:

1. Present assignment rules

a. ‘Normal workload
b. Reduced workload
2. Interdistrict dispatéhing
a. Normal workload
~ b. Reduced workioad
CASE l.a: Present Assignment fules - Normal workload.

The statistics for the present system following depart-
ment policy under a center-of-mass dispatching strategy is
compared with a car locator system. The important characteristics
are the average response time, its standard deviation and avail-
~ability. Availability is related to thg ébility to carry out
| trapping and seafch~maneﬁvers. The only difference between the

two alternatives evaluated is the knowledge of the exact location'A-
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of the car using a car locator (see figure 3Y'for graphic

representation) .’

COMPARISQN OF TWO DISPATCHING STRATEGIES

WITH

NORMAL ASSIGNMENT RULES AND WORKLOAD

: Standard Avail-

Mean Deviation Mode  ability
CM: System 8.50 min. 10.3 3.0 min. 35%
Fourteenth District 6.44 min. 5.81 4.0 min. 35%
CL: System 4.82 min. 3.73 - -

The car locator reduces the mean response time substantially.

e

———

CASE 1l.b: Présent assignment rules - Reduced workload

One effective wa? of increasing availability andAdecreas—
ing response times, is to decrease the.number of calls responded
to. This policy has been instituted ig St. Louis and Detroit.
Incoming calls are evaluated by an.expérienced police officer
to determine if police service really ‘is needed. A thirty per

cent reduction of miscellaneous-other calls is assumed. This

would probably represent an upper limit of call screening.'l
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COMPARISON OF TWO DISPATCHING STRATEGIES

WITH REDUCED WORKLOAD

Standard
: ‘ Avail-
Mean Deviation Mode ~ability
CM: System 5.92 min. 6.98 3.0 min. 453
Fourteenth District 4.68 2.24 4.0 48%
CL: System 3.77 2.87 2.0 -

The outcome is a reduction in response time which is greater

than that shown by using a car locator in the previous case.

CASE 2.a: Interdistrict dispatching - Normal workload.

Interdistriét dispatching means that'the nearest car is
dispatched, even if the car belongs to a district different
from the location of the ¢all for sefvice. Current depart;
ment policy'for reasons of administrative efficiency does not

permit this alternative.

COMPARISON OF TWO DISPATCHING STRATEGIES

WITH INTERDISTRICT DISPATCHING

Standard
Mean Deviation Mode;:“ Availability
CM: System 5.89 7.47 3.0 39%
Fourteenth h |
District . 6.16 9.97 5.0 39%

CL: System 4.37- 3.90 3.0 -



-32-

Comparing these results with the previous case, it is clear
that reduced workload has a larger effect (the availability
factor is much greater) than simply allowing interdistrict

dispatching.

CASE 2.b: Interdistrict dispatching - Reduced workload.
The possiblity certainly exists to combine the two alter-

natives (see figure 29).

COMPARISON OF TWO DISPATCHING STRATEGIES

WITH INTERDISTRICT DISPATCHING AND REDUCED WORKLOAD

Standard

Mean Deviation Mode | Availability
CM: System : 4,53 4,37 2.0 48%
Fourteenth - | .
District 3.86 - 1.85 4.0 47%
CL: System 3.66 3.10 © 2.0 -

It is clear that still more improvement in response Eime
occurred. Availability did not change muéh from Caze 1l.b.

" The above examples have evaluated two systems. However, cars
were dispatched using the center-of-mass strategy. What bias
is introduced into the car locator strategy results by not
actually dispatching according to this strategy? To determine
this, cars Were dispatched usihg the car locator assignment

criteria for the interdistrict, reduced workload case.
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* COMPARISON OF TWO DISPATCHING STRATEGIES .

WITH INTERDISTRICT DISPATCHING

" 'AND REDUCED WORKLOAD WITH CAR LOCATOR ASSIGNMENT

Standard
' Mean Deviation Mode Availability
CM: System 4.43 4.36 2.0 =
Fourtéenth o :
District 3.69 1.97 2.0 50%
CL: System 3.69 2,96 2.0 C 4gs

It is evident that the error introduced by evaluating a car
locator system, when cars are actually dispatched according

to the center-of-mass strategy, is negligible.

‘CONCLUSION:

It is clear that the car locator system does improve
_________ However, when inter-

district dispatching or screening are allowed, the average

value falls by approximately 2.5 minute;.‘ When both policies

are used, the saving is 4 minutes.’ |

By permitting interdistrict dispatching, the average

availability will increase from 35% to 39%. This saving

is realized solely from less cross travel as everything

else remains the same for the two alternatives.

The most spectacular result is.a combination of the

two major alternatives. The average response time and standard.
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deviation drops in haif aﬁd the modal4value drops by a full
minute, and the availability factor increases from 29% to 48%.
The car locator.offers a saving of an additional minute on the
average.

The conclusion must be that the greatest immediate improve-
ments lie in policy changes rather than hardware. However, the
car locator system might be worthwhilevéiven the other changes.
In additiqn, the car locator offers great opportunities for
supervision. This would probably result in shofter service
times, more time on beat patrol} and release of supervisory

personnel for other duties.
SUMMARY

This paper has analyzed the field response problem
for a metropolitan.police department. The methodology
is general and.should—-apply directly. to any.large city
on a grid system.

It was shown that an evaluation of field response per-
formance necessitates consideration of the prevéntive and
follow-up systéms. However, it was possible to perform a
suboptimization to assess the potential impact of a car
Jlocator system on.system performéncé for different major
strategies. |

The issues investigatéd (1) car locator system, (ii)
screening, (iii) interdistrict dispatching, are at the heart

of the police system resource allocation problem.
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The simulation model could be used to evaluate other alter-
natives such as:

1. Impact of a reduction in service times;

2, an increase/decrease in number of patrol cars;

3. different beat structures - _ .

4, stacking of calls.

It is intriguing to note that the previous analysis
implies criteria for evaluating communications center per-
formance. The communications center should have a capability
for screening of calls, accurate data gathering, fast handling
of emergencies and a somewhat slower capability for non-

emergency calls.

#H#



FOOTNOTES

1/ Public service type demands are defined as police
activities which are non-crime related.

2/ See, Ernst K. Nilsson "Police System Analysis", un-
published dissertation, Northwestern University, 1969, and
Final Report, - -OLEA ‘Grant #195 to be-published. By public
service is meant services such as emergency transport, helping
cats out of trees,_licensing, etc.

3/ We will disregard the deterrence effect, if any, of the
presence of a police car responding to a call for service.

4/ TImplicit in this measure is the assumption that an
"adequate" number of vehicles are available and are assigned
for an efficient response.

5/ :The other forces include the Preventive, Follow-up and
Traffic forces.

6/ The methodology and initial models are presented in the
Final Report of the Chicago Police Department Operations
Research Task Force, OLEA Grant #195, September 1969.

7/ A separate study Final Report, OLEA Grant #195 shows that
the communication center response time cannot be reduced
significantly.

8/ Donald P. Stein, Jay-Louise Crawshaw and Captain James

C. Herron, "Crime Prediction by Computer -- Does It Work

and Is It Useful?", Law Enforcement Science and Technology II
(Chicago: ITT Research Institute, 1968).

9/ Allocation of Patrol Manpower Resources in the St. Louis-
Police Department, Vol. II, 1968.

)

10/ see, Chicago Police Department Final Report, op. cit.

1ll/ For additional criteria, see Allen P. Bristow. Effec-
tive Police Manpower Utilization (Sprlngfleld Illinois:
Thomas Press, 1969).

12/ Orlando Wilson, Police Administration (New York:
McGraw-Hill, 1963 ed.).

13/ Commission on Violence Report: Task Force and Civil
Disorder Appendix B; D. Olson and E. Nilsson, "Application
of Queuing Theory.to the Chicago Police Beat Structure."



FOOTNOTES
Page Two

14/ Richard C. Larson, Operational Study of the Police
Response System (Cambridge: MIT, December 1967), Technical
Report No. 26.

15/ Ibid. page 150.

16/ By a car locator strategy is meant the existence of a
system that will provide the dispatcher with actual car
positions; and the closest car is chosen given the assign-
ment rules. :

17/ The argument is symmetrical.

18/ This response distribution data is extremely soft for the
reasons indicated earlier.

'ig/‘David Olson, Final Report:  Operations Research Task
- Force, Chicago Police Department, 1969. :

20/ However, as noted earlier, the response time distribution
is not representative for emergency responses.



